
Early life risk exposure and stunting in urban South African
2-year old children

W. Slemming1,2*, J. Kagura2, H. Saloojee1 and L. M. Richter3

1Division of Community Paediatrics, Department of Paediatrics and Child Health, University of the Witwatersrand, Johannesburg, South Africa
2MRC/Wits Developmental Pathways for Health Research Unit, Department of Paediatrics and Child Health, University of the Witwatersrand, Johannesburg, South Africa
3DST-NRF Centre of Excellence in Human Development, University of the Witwatersrand, Johannesburg, South Africa

Stunting is a measure of overall nutritional status and is a major public health concern because of its association with child mortality
and morbidity and later adult performance. This study examined the effects of pregnancy events, birth characteristics and infant risk
exposure on stunting at age 2 years. The study, established in 1990 in Soweto, an urban South African township, included 1098 mother–infant
pairs enroled in the Birth to Twenty Plus longitudinal birth cohort study. In total, 22% of children were stunted at age 2 years, with males at
greater risk than females [24.8 v. 19.4%, odds ratio (OR)= 1.38; 95% confidence interval (CI): 1.03, 1.83]. In unadjusted analysis, male sex,
household socio-economic status (SES), overcrowding, maternal age, maternal education, single motherhood, ethnicity, birth weight, gestational
age and duration of infant breastfeeding were all significantly associated with stunting. In multivariable analysis, higher birth weight was
protective against stunting for both sexes. Higher maternal education was protective for females only (adjusted odds ratio (AOR)= 0.35;
95% CI: 0.14, 0.87), whereas wealthier household SES protected males (AOR for richest SES group= 0.39; 95% CI: 0.16, 0.92). In
this and other similar settings, current stunting prevention efforts focussing on primarily providing targeted proximal interventions, such as
food supplements, risk undermining the critical importance of addressing key distal determinants of stunting such as SES and maternal
education.
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Introduction

Linear growth in early childhood is one of the most
sensitive indicators of child health and well-being. Stunting
(defined as a height of >2 S.D. below the World Health
Organization growth standards median)1, is an anthropometric
measure that strongly correlates with social and economic
deprivation and is widely used as a proxy measure for
inequalities in child health.2 Linear growth faltering
commences in the fetal period and continues after birth,
with the period between conception and 2 years of life (the ‘first
1000 days’) recognised as a critical period for childhood growth
and development.3

Stunting is associated with susceptibility to infection,
impaired cognitive development and lower educational
performance in childhood,4,5 reduced adult stature (in the
absence of compensatory growth),6,7 lower productivity and
earnings in adulthood,8 and increased risk of childhood and
adult obesity and cardio-metabolic diseases. There is increasing
evidence to support the view that these effects may be
transmitted to subsequent generations.9,10

Stunting is considered to have both proximal determinants
such as the availability of sufficient quantity, quality and
diversity of food, hygiene, water and sanitation, recurrent
infections and access to high-quality primary care, and distal
determinants such as poverty and low maternal education.11 It
is acknowledged that the biological (including genetic),
psychosocial and environmental determinants of stunting
operate in tandem via epigenetic mechanisms and longer-term
selection strategies.12 It is estimated that ~20% of stunting may
be attributed to in utero origins,13 with social, human develop-
ment and economic factors contributing to the remaining
80%.14

Although the determinants of stunting are well recognised, the
relative contributions of these are influenced by contextual factors
such as the distribution and intensity of exposures and the inter-
actions between them.13,15 The most common reported differ-
ences in stunting prevalence are between wealth quintiles
(particularly in countries with high inequality), maternal age and
education level, place of residence and, to a lesser extent, child
sex.16 Previous studies examining the association between early life
risk exposures and subsequent stunting in this and other low- and
middle-income settings have been either cross-sectional in design
or considered only a limited number or types of risk, usually at
birth and/or postnatally.
The aim of this study was to investigate the effects of selected

biological, psychosocial and environmental risk factors
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affecting the mother (and her child) during pregnancy and the
first 2 years of life in an urban South African setting to better
understand the determinants of stunting in this context.

Methods

Data and study population

Data for this study were drawn from the Birth to Twenty Plus
(Bt20+) study, a longitudinal birth cohort study, initiated in
1990 in the greater Johannesburg metropolitan area, South
Africa.17 Pregnant women deemed likely to deliver within a
specified period were recruited through public health antenatal
facilities and all singletons born within a 7-week period (23 April–
8 June 1990) were enrolied. The study continues to prospectively
follow 3273 children and their families throughout the Gauteng
province. The enrolment methods, attrition, and profile of
the Bt20+ cohort have been well described elsewhere.18 Black
children comprised the major race group in the study sample
(78.5%), followed by Coloured/Mixed race (11.7%), White
(6.3%) and Indian (3.5%) children.17 These groupings refer to
the apartheid system of population group classification and
continue to be used as a measure for approximating the enduring
effects of apartheid and redressing past inequities.

Measures

Individual risk exposures

Maternal demographic and psychosocial risk exposures were
recorded using a questionnaire administered verbally to mothers
by trained, multilingual interviewers during the third trimester of
pregnancy and at 6 months postnatally. This analysis used infant
data collected at birth, 6 months, 1 year and 2 years.

In total, 10 maternal and child risk exposures were examined.
Pregnancy wantedness (mother’s rating of her desire to be
pregnant at the time of the interview), maternal prenatal stress,
tobacco use (cigarette smoking, snuff use or chewing tobacco)
and alcohol use were measured during pregnancy.Maternal age at
the birth of the index child, maternal education, marital status,
overcrowding in the home (classified as present if more than
three people per room used for sleeping) and household socio-
economic status (SES) were measured between birth and 2 years
of age. Maternal depression was measured 6 months after the
birth of the index child.

Household SES was derived from a listing of household
assets (house, radio, television, car, refrigerator, washing
machine and landline telephone). The use of household assets
as a proxy measure of SES has been validated in low- and
middle-income countries and used previously in this cohort.19

For analysis, principal components analysis was used to create a
SES index on the basis of household assets. Using this method,
study participants were categorised into one of five groups for
SES; with quintile one corresponding to the lowest SES group.

Symptoms of maternal depression were assessed 6 months
postpartum using the Pitt Depression Inventory (PDI).

The PDI primarily assesses a mother’s current feelings and
change in mood manifestations.20 It comprises 24 items and
every item is answered and coded as either no (0), don’t know
(1), or yes (2). Total scores range from 0 to 48, with a score of
20 or higher indicating a self-report consistent with postnatal
depression. The measure has been used in studies inter-
nationally and in South Africa and is highly correlated with
measures such as the Edinburgh Postnatal Depression Scale.21

In addition, demographic variables such as the ethnicity and
sex of the child were collected.

Control variables

Maternal height, infant birth weight, gestational age and infant
breastfeeding (ever breastfed and duration of infant breastfeeding)
were identified as possible covariates. Maternal height (in cm) was
measured using standardised techniques.1 Electronic weighing
scales were used to weigh the infant at birth. Birth weight z-scores
were calculated using the 2006 World Health Organization
(WHO) growth standards.1 Length was not measured at birth.
Gestational age was obtained from the medical records and
estimated based on the mother’s report of her last menstrual
period. Breastfeeding data were measured during the first 2 years
of life through maternal/caregiver report.

Outcome measures

Child height was measured at age 2 years using a Harpenden
stadiometer and recorded to the nearest 0.1 cm, according to the
standard procedures recommended by the WHO.1 All weight
and height measures were converted to z-scores by comparing
them with the 2006 WHO growth standards.1 Stunting was
defined as a length/height-for-age z-score (L/HAZ) of less than
−2 S.D. of the WHO Child Growth Standards median.1

Statistical analyses

Descriptive statistics were used to summarise the outcome and
risk variables by sex of the child. Frequencies and percentages
were used for categorical variables, whereas means and standard
deviations (S.D.) were used for continuous variables. Pearson’s
χ2-test was used to check for differences between the analytical
study sample and participants in the Bt20+ cohort who were
not included in the analyses (Fig. 1).
Statistical analyses were undertaken to estimate the association

between the exposure variables and stunting at age 2 years.
Bivariate analyses were conducted to determine the unadjusted
association between each exposure and stunting at age 2 years.
Thereafter, sex-stratified multiple logistic regression models were
used to determine risk factors that were independently associated
with stunting at 2 years and the pseudo R2 for model fit. Possible
covariates, selected on the level of significance in bivariate analysis
(P< 0.1) and theoretical relevance, were adjusted for in the
analyses. Variables were included into the regressionmodels using
a stepwise approach. A probability value of P< 0.05 was
considered to be statistically significant and all analyses were
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conducted using Stata 13.1 (Stata Corporation, College Station,
TX, USA).

Results

A total of 1866 women completed both the antenatal ques-
tionnaire and the PDI 6 months postnatally. Height-for-age
measurements were available for 1805 children at age 2 years.
The analytical sample for this study included 1098 mother–
infant pairs who had exposure and outcome data at all relevant
study time points (Fig. 1). A summary of key characteristics of the
study sample is shown in Table 1.

Women included in the analytical sample were more likely
to be younger, shorter, Black, live in households with fewer
assets, breastfeed their infants and have infants with lower mean
length for age z-scores at age 2 years (P⩽ 0.01 for all) compared
with the sample not included in the analysis (data not shown).
This inclusion of more vulnerable groups is consistent with
previous attrition analyses conducted on the Bt20+ cohort and
is likely due to a desire by these groups to receive services.18

In all, 242 children (22%) were stunted at age 2 years.
Although males, on average, were taller than females at age
2 years (P< 0.001); significantly more males (24.8%) than
females (19.4%) were stunted at age two (Table 1). The odds
of being stunted were 38% higher among males [odds ratio
(OR)= 1.38; 95% confidence interval (CI): 1.03, 1.83]
(Table 2).
In bivariate analysis (Table 2), being male, Black or

Coloured/Mixed race, having a lower SES (quintile 1 or 2),
living in overcrowded households, lower maternal education
(<Grade 11), maternal age, single motherhood, lower birth
weight z-score, shorter gestational age and shorter duration of
infant breastfeeding all significantly increased the risk of
stunting at age 2 years.
Multivariable logistic regression analysis (Table 2) showed

that higher household SES was protective against stunting at
age two for males; with males in SES quintiles 4 (adjusted odds
ratio (AOR) = 0.39; 95% CI: 0.19, 0.81) and 5 (AOR= 0.39;
95% CI: 0.16, 0.92) having a 61% decreased likelihood
of being stunted as compared with males in quintile 1.

Fig. 1. Selection of analytical study sample.
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Table 1. Characteristics of study sample (n= 1098)

Variables Males [n= 540, n (%)] Females [n= 558; n (%)] p-Value

Outcome variable
Stunted at age 2 years 0.029*
No 406 (75.2) 450 (80.7)
Yes 134 (24.8) 108 (19.4)
Height at 2 years (cm) 83.68 ± 3.4 82.69 ± 3.5 0.000***

Demographic variables
Ethnicity 0.693
Black 426 (78.9) 432 (77.4)
White 24 (4.4) 27 (4.8)
Coloured/Mixed race 66 (12.2) 79 (14.2)
Indian 24 (4.4) 20 (3.6)

Exposure variables
Maternal and child characteristics
Maternal age (years) 25.4 ± 6 25.6 ± 6 0.581
Marital status 0.175
Married/living together 214 (39.6) 199 (35.7)
Single/separated/divorced/widowed 326 (60.4) 359 (64.3)

Maternal education 0.833
⩽Grade 7 60 (11.1) 69 (12.5)
Grades 8–10 228 (42.3) 238 (43.1)
Grades 11–12 178 (33.0) 177 (32.1)
Post school training 73 (13.5) 68 (12.3)

Any tobacco use 0.396
No 277 (84.7) 269 (87.1)
Yes 50 (15.3) 40 (12.9)

Alcohol use 0.840
No 286 (89.1) 267 (89.6)
Yes 35 (10.9) 31 (10.4)

Pregnancy wantedness 0.417
Yes 131 (41.2) 114 (38.0)
No/unsure 187 (58.8) 186 (62.0)

Prenatal stress 0.970
<4 500 (92.6) 517 (92.7)
⩾4 40 (7.4) 41 (7.4)

Postnatal depression (Pitt score) 0.606
<20 408 (75.6) 429 (76.9)
⩾20 132 (24.4) 129 (23.1)

Household characteristics
Overcrowding 0.335
<3 people/room 306 (60.8) 329 (63.8)
⩾3 people/room 197 (39.2) 187 (36.2)

Household assets
Radio 0.818
No 62 (12.2) 62 (11.8)
Yes 445 (87.8) 465 (88.2)

Television 0.023*
No 120 (23.8) 95 (18.0)
Yes 385 (76.2) 432 (82.0)

Car 0.036*
No 342 (67.7) 324 (61.5)
Yes 163 (32.3) 203 (38.5)

Fridge 0.551
No 120 (22.8) 117 (22.2)
Yes 385 (76.2) 410 (77.8)
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Higher maternal education was associated with a lower
likelihood of stunting among females, particularly for infants of
mothers with a Grade 11–12 education (AOR= 0.35; 95%
CI: 0.14, 0.87). Birth weight z-scores showed the strongest
association with stunting in both sexes; with a 1 S.D. increase
in birth weight associated with a 43% and 36% decreased
likelihood of being stunted at age 2 years for males
(AOR= 0.57; 95% CI: 0.45, 0.73) and females (AOR = 0.64;
95% CI: 0.50, 0.82), respectively.

Discussion

The study established that more than one in five children was
stunted at age 2 years, with males being more susceptible.
Higher birth weight was protective against stunting for both
sexes. Beyond biological determinants of stunting, social factors
mattered for both males and females within the first 2 years of
life. Higher maternal education was protective for females,
whereas poorer household SES was a risk for males.

Although increased male susceptibility to stunting has been
reported previously, mostly from studies conducted in sub-
Saharan Africa, the underlying mechanisms for these differences
have remained largely unexplored.22 Most of the evidence suggest
that stunting differences between males and females are relatively
small when compared with other stratifiers, particularly among
children under 5 years; with gender disparities becoming more
apparent as children get older.11,16 However, we found that male
children had 38% higher odds of being stunted as compared with
females in our analysis indicating that males experienced sig-
nificant vulnerability to stunting early in life in this cohort.

Several possible explanations have been offered for observed sex
differences. A popular hypothesis centres on societal behavioural

patterns with studies reporting greater social preference of
sons to the disadvantage of daughters,23 including dietary
discrimination.24 We did not examine dietary patterns in this
study but are, however, unaware of any South African studies that
indicate preferential feeding of children based on gender.
A possible explanation lies in the developmental origins of sex
differences in health outcomes. Although poor fetal growth
enhances the risk for both sexes, males and females tend to
respond differently.25 Male fetuses have been described as invest-
ing greater resources in growth, and as a consequence, have limited
ability to respond to subsequent stressors placing them at greater
risk for poor health and development outcomes. In contrast,
female fetuses are believed to conserve resources and are able to
adjust to maternal conditions in various ways (gene and protein
changes), resulting in an increased probability of survival.9,25

Males also tend to grow faster than females from an early
stage of gestation and, by growing more rapidly, the male fetus
invests more in brain growth rather than placental growth.26 At
any placental weight, males tend to be longer than females,
with smaller placentas. This suggests that male placentas are
more efficient but have less reserve capacity, making themmore
vulnerable to becoming undernourished.27

Thus, consequences of early exposure to adversity are
displayed among males early in the life cycle and persist
throughout early childhood.25 This reinforces the idea of
higher environmental sensitivity among males; under adverse
conditions, males are more at risk of negative health and
growth outcomes.28 This is further reinforced by our
finding that male children growing up in the two lowest
socio-economic strata were nearly three times more likely to be
stunted than their peers in better off strata. The same difference
in stunting prevalence was not observed among females belonging

Table 1. (Continued )

Variables Males [n= 540, n (%)] Females [n= 558; n (%)] p-Value

Washing machine 0.249
No 402 (79.5) 403 (76.5)
Yes 104 (20.6) 124 (23.5)

Telephone 0.001**
No 229 (45.4) 187 (35.5)
Yes 276 (54.7) 340 (64.5)

Own house 0.075
No 360 (67.8) 398 (72.8)
Yes 171 (32.2) 149 (27.2)

Control variables
Birth weight (g) 3144 ± 495 3038.6 ± 508.6 0.000***
Gestational age (weeks) 38.3 ± 1.7 38.12 ± 1.9 0.706
Maternal height (cm) 157.3 ± 5.3 157.5 ± 4.9 0.862
Ever breastfed 0.953
No 19 (3.5) 20 (3.6)
Yes 521 (96.5) 538 (96.4)

Duration of breastfeeding (months) 12.6 ± 8.97 12.9 ± 8.7 0.632

Values are presented as mean ± S.D. for continuous variables and number (%) for categorical variables.
*P< 0.05; **P< 0.01; ***P< 0.001
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Table 2. Factors associated with stunting in children at age 2 years

Total sample
(n= 1098) Males (n= 416) Females (n= 447)

Variables
Unadjusted

OR [95% CI]
Adjusted

OR [95% CI]
Adjusted

OR [95% CI]

Child sex
Female 1.00
Male 1.38 [1.03, 1.83]*

Ethnicity
White 1.00
Black 0.14 [1.10, 7.13]*
Coloured/mixed race 0.15 [1.12, 8.23]*
Indian −0.08 [0.02, 1.91]

Maternal characteristics
Maternal age 0.97 [0.95, 0.99]*
Marital status
Married/living together 1.00
Single/separated/divorced/widowed 1.32 [0.98, 1.79]

Maternal education
⩽Grade 7 1.00 1.00
Grades 8–10 0.97 [0.63, 1.49] 0.81 [0.37, 1.77]
Grades 11–12 0.51 [0.32, 0.83]** 0.35 [0.14, 0.87]*
Post school training 0.43 [0.23, 0.79]** 0.32 [0.10, 1.10]

Any tobacco use
No 1.00
Yes 0.93 [0.51, 1.68]

Alcohol use
No 1.00
Yes 0.54 [0.24, 1.23]

Pregnancy wantedness
Yes 1.00
No/unsure 1.36 [0.88, 2.12]

Prenatal stress
<4 1.00
⩾4 0.72 [0.40, 1.31]

Postnatal depression (Pitt score)
<20 1.00
⩾20 0.72 [0.40, 1.31]

Household characteristics
Overcrowding
<3 people/room 1.00
⩾3 people/room 1.72 [1.28, 2.32]***

Household SES
Quintile 1 (poorest) 1.00 1.00
Quintile 2 0.84 [0.58, 1.21] 0.52 [0.26, 1.06]
Quintile 3 0.66 [0.46, 0.96]* 0.42 [0.20, 0.88]*
Quintile 4 0.58 [0.40, 0.84]** 0.39 [0.19, 0.81]*
Quintile 5 0.40 [0.27, 0.60]*** 0.39 [0.16, 0.92]*

Birth weight z-score 0.64 [0.56, 0.72]*** 0.57 [0.45, 0.73]*** 0.64 [0.50, 0.82]**

OR, odds ratio; CI, confidence interval; SES, socio-economic status.
Males: pseudo R2= 0.0936, P= 0.000; females: pseudo R2= 0.1342, P= 0.000.
Adjusted for gestational age, maternal height, overcrowding, duration of infant breastfeeding, maternal age

and marital status.
*P< 0.05; **P< 0.01; ***P< 0.001.
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to socio-economically different groups in this cohort. This finding
is congruent with a 16 site sub-Saharan African meta-analysis,22

that found that male children living in the poorest two-quintile
households were more likely to be stunted as compared with
females in the same group. However, this pattern was not
consistent in all studies, particularly in those conducted in higher
income settings.22

Maternal education, often used as a proxy for SES, is inde-
pendently associated with lower mortality and stunting across and
within societies for both male and female children.29,30A possible
explanation is that maternal education, through mechanisms
unrelated to SES, may directly influence child health and growth
through increasing female knowledge and autonomy within
the household and community. This leads to appropriate and
beneficial care-giving practices such as better health-seeking
behaviours, and improved feeding and hygiene practices.11

However, the benefits of maternal education extended only to
females in this analysis, with female children of mothers who were
more educated having a lower likelihood of stunting. Previous
studies have reported that females have better survival outcomes
as compared with males if their mothers are better educated,
particularly in sub-Saharan Africa.29 There is some uncertainty
with regards to the underlying mechanisms for these observed
differences and may be best explained in the same way that
we have hypothesised socio-economic gender-responsiveness
operates, that is, that females are more adaptable to environmental
stimuli in early life.25 However, context plays a role and in socie-
ties where there are clear gender preferences (often advantaging
males), this finding may be less consistent.

Higher birth weight z-scores reduced stunting risk for both
sexes. Infant birth weight, and more specifically low birth
weight (<2500 g), is a well-established determinant of child
stunting.11,31 Birth weight is the product of many influences,
particularly maternal health and nutrition during pregnancy
(and its effects on fetal growth) and the intergenerational
influences of maternal anthropometry on newborn size.32

Therefore, although birth weight can be used to better under-
stand modifiable processes as possible targets for intervention,
any direct causal interpretations of birth weight with later
outcomes should be considered with some caution.

We did not find an association between maternal depression
and stunting in this study. There is some contrary evidence
supporting an association between maternal depression and
stunting in young children.33–35 However, previous studies
conducted in South Africa have reported similar findings to ours
and thus further exploration is required to determine possible
reasons for the difference.36 Some studies have shown that
children who were unwanted at conception or during pregnancy
were more likely to be stunted than their counterparts.37,38

However, this finding is not reported consistently across studies
conducted in similar settings.39 Although, a high proportion
(60%) of mothers were unsure or did not want to be pregnant
(when interviewed during the third trimester of pregnancy), there
was no association between pregnancy wantedness and stunting
in this study.

There were important determinants of stunting that were
not accounted for in the analysis. The study did not include
detailed data about dietary diversity, household food security
and feeding practices, precluding us from examining their
contribution to stunting. However, these may be important in
our context as sub-optimal feeding patterns, including the early
introduction of complementary foods, has been identified
previously in this cohort.40 Other covariates we would have
liked to include in the analysis, but for which data were not
collected, were birth length, major or recurrent illness and
micronutrient deficiencies.
The small numbers of minority race groups in the study

made it difficult to conduct meaningful population group
comparisons and thus, comparisons based on other stratifica-
tion criteria were explored. There are obvious limitations to the
conclusions that can be drawn from the findings as the
underlying aetiologies and the mechanisms of the associations
require more rigorous and in-depth consideration, particularly
in similar contexts.
This study identified a high prevalence of stunting compar-

able to those in other parts of the continent.41 Among the
different regions of Africa, the decline in stunting rates since
1990 has been greatest in the northern and central parts and has
barely changed in the other sub-regions (including the southern
region).41 Despite improvements in economic growth over the
past three decades, significant socio-economic disparities
remain, and high levels of stunting (predominantly among the
youngest children) persist in South Africa.42 The latest South
African National Health and Nutrition Survey (SANHANES)
data showed that the youngest children (between 0 and 3 years
of age) had the highest prevalence of stunting (26.5%); with
more males stunted than females.43 Thus, although the study
reflects stunting prevalence in 1992, the study conclusions
remain pertinent as we continue to seek effective interventions
in South Africa, as do other countries with high inequity.
Government and development agency approaches to

improving child survival and development have traditionally
addressed proximal, largely biological and ‘demand-side’,
determinants with less attention to distal, structural determi-
nants as many of these lie outside the health sector. This study’s
findings add to the call for both a population- and individual-
based approach, geared to service delivery to the poor and most
vulnerable in society, to minimise inequities in child health and
nutrition and fundamentally address high stunting prevalence.
In the case of stunting in southern African settings, we would
argue that these interventions should target male children,
socio-economic inequality, mothers with lower levels of
education and low birth weight infants.
Direct nutrition-specific interventions together, even when

scaled up to 90% coverage rates, could reduce the burden of
stunting, but only by 20%.44 Thus, tackling the underlying
structural drivers of undernutrition is essential, particularly in
high prevalence settings, in order to address the further 80%
reduction needed. Programmes that improve nutrition, health
care and household purchasing power among the poor
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generally also improve growth outcomes, particularly in lower
SES children.44 For example, an analysis of key factors
contributing to the decline in stunting rates in Brazil, identified
enhanced purchasing power of families, increased levels of
female education, improved and expanded maternal and child
health services, better water and sanitation systems and superior
quality and quantity of food availability for families.45

Although such population-level interventions are more com-
plex and take time to show impact, there is strong anecdotal
evidence from health intervention programmes that even
caregivers with low education and literacy levels can be
empowered to provide better care to children when they are
supported and equipped with the required skills.46

At an individual level, emphasis should be placed on improving
mother’s (and particularly young mother’s) health literacy
regarding child health and feeding practices.47 Conditional cash
transfer programmes, particularly those that are linked to nutrition
education and primary health care services, may aid in targeting
and delivering these interventions.44,48 Thus, approaches to
stunting prevention approaches should be comprehensive
and focus on proximal and distal determinants of stunting,
emphasising interventions that will have short-term individual and
long-term population-level impacts.

Further research is warranted to explain the stunting sex-
differentials across socio-economic strata and maternal education
levels. SES is a multi-dimensional construct andmore sophisticated
analyses that further disaggregate the variable further into its
components should be conducted in order to develop effective,
targeted stunting interventions along the socio-economic spectrum
in different contexts. Further exploration of the functional
and long-term consequences associated with early male child
vulnerability is required; both related to stunting but also for
other later lifestyle diseases, such as diabetes and cardio-vascular
conditions. Finally, a more sophisticated biological explanation
is required as to why male children are more vulnerable and less
responsive compared with female children pre- and postnatally in
this context.

Stunting is a good summary indicator of growth failure,
however, growth failure is cumulative and linear growth in and of
itself is an important indicator of child health and well-being.3

Therefore, it would be useful to explore the processes that
contribute not only to linear growth faltering but also what may
affect age-appropriate growth in young children. An important
extension of this research study would be to consider the associa-
tions between early life growth patterns (rates and trajectories) and
subsequent stunting in order to better understand the underlying
mechanisms and timing of growth faltering in this setting.

Conclusion

Genetic and biological factors, as well as proximal maternal
behaviours and care-giving practices are important determinants
of infant growth and attained height, particularly in the first
1000 days of a child’s life. This study’s findings, nevertheless,
support the view that interventions to address stunting require a

broader approach that addresses not only the proximal causes of
stunting but also its more distal drivers, such as SES and maternal
education in settings with high socio-economic inequity, such as
South Africa. This can be achieved through population-based
structural interventions and public policies that redress equity and
promote access to essential services for stunting and other forms of
undernutrition, as well as activities focussed on individuals.
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