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Association between infant nutrition and anthropometry,
and pre-pubertal body composition in urban South
African children
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Early life nutrition and growth are related to subsequent obesity risk in high-income countries. We investigated the association between
nutrition and growth during infancy, and body composition at 10 years of age in 140 children selected from the Bone Health sub-study of the
Birth-to-Twenty cohort from Soweto, Johannesburg, South Africa. Infant feeding and dietary data were collected during the first 12 months,
and weight and height were measured at 1 and 2 years of age. At 10 years, anthropometry and dual-energy X-ray absorptiometry (DXA)-
derived body composition were measured. Regression models were used to determine associations between independent and dependent
variables at the 1% level of significance. A one z-score increase in birth weight was associated with a 1051 g increase in lean mass and a 0.22
increase in body mass index (BMI) z-score at the age of 10 years. After adjusting for confounders, stunting at age 1 year was associated with
lower fat mass only at 10 years of age while at age 2 years, it was associated with lower lean mass only. Being underweight at one year of age was
significantly associated with lower lean mass only. Weight-for-age (WAZ) change in the second year of infancy was a predictor of fat mass and
BMI only. Body fatness at 10 years of age was positively associated with infant WAZ change rather than height-for-age change. There were no
significant associations between infant dietary patterns, wasting and being underweight at age 2 years and pre-pubertal body composition.
Further studies are needed to assess whether these associations continue during adolescence as pubertal development may be an important
modifier of these associations.
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Introduction

Nutrition has been implicated as an underlying factor in
‘programming’ body composition through foetal and post-
natal growth.1,2 Under-nutrition in early life may trigger
cellular, endocrine and genetic adaptations that are capable of
permanent modifications on morphology and physiology to
fit the forecasted environment, and may have adverse effects
on body composition if there is an environmental mismatch
in later life.3 Body composition, in turn, is linked to the
development of chronic and metabolic non-communicable
diseases (NCDs) such as type 2 diabetes mellitus, cardiovascular
disease, metabolic syndrome, sarcopenia and osteoporosis.4

Recent epidemiological studies confirm that South Africa is
going through a rapid nutrition transition evidenced by the
coexistence of under- and over-nutrition, both of which are
accompanied by physical changes in body composition.5

South Africans therefore face a multifaceted burden of disease

from infectious diseases, like human immunodeficiency virus/
acquired immunodeficiency syndrome, and nutrition-related
non-communicable diseases (NR-NCDs). In addition, the
prevalence of under-nutrition in children is still high in
low- and middle-income communities (LMICs), like South
Africa.6,7 Malnutrition and growth faltering during the pre-
natal and infant periods have been reported to be associated
with subsequent high fat mass and low lean mass in high-
income countries (HICs).8 Despite the importance of asses-
sing early life predictors of subsequent body composition in
LMICs, such studies have been limited by the lack of long-
itudinal birth cohorts. Therefore, this study aims to investigate
whether infant nutrition, anthropometry and infant growth are
associated with pre-pubertal body composition in urban black
South African children enrolled in a longitudinal birth cohort.

Subjects and methods

Subjects

Subjects were recruited from the Birth-to-Twenty cohort, a
longitudinal study of health and development of children
born within a 7-week period (April 23–June 8, 1990) in the
greater Johannesburg metropolitan area in South Africa.9
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At ages 9/10 years, a sub-sample from the cohort (n 5 429) was
enrolled into a longitudinal study assessing factors influencing
bone mass acquisition and health (Bone Health Study).

For the purposes of this study, only the black children
enrolled into the Bone Health cohort where considered for
the study sample because we measured dual-energy X-ray
absorptiometry (DXA)-derived body composition only on this
sub-cohort. Consequently, the analytical sample comprised of
participants, who had infant feeding and nutrition measures at
ages 1 and 2 years, body composition assessment using DXA at
age 9/10 years, and who were pre-pubertal according to Tanner
staging,10 constituted the study (n 5 140, 54% male). Those
who had missing data were excluded from the study sample.

Infant feeding data

Infant feeding data were collected at 1 year of age and clas-
sified according to duration (months) of predominantly
breastfeeding or bottlefeeding, and the month of age when
solids were introduced.

Dietary patterns

The nutritional adequacy of the weaning diet was assessed
using the dietary diversity score (DDS) and the food variety
score (FVS) calculated from a retrospective non-quantified
food frequency questionnaire (FFQ) completed by the care-
givers of the infants at age 1 year. DDS was defined as the
number of food groups consumed by the infant in a 24-hour
recall period.11 FVS was defined as the number of different
food items consumed over a 24-h recall period.12

Anthropometry

Birth weight data were collected from birth notification records
of all births registered in the municipal area. Length at 1 and
2 years of age was measured with a Harpenden tape to the nearest
millimetres and weight at the same time points was measured
using a digital scale to the nearest 0.1 kg. z-Scores were calculated
using the World Health Organization (WHO) growth standards
and z-scores ,22 for height-for-age (HAZ), weight-for-age
(WAZ) and weight-for-height were classified as stunted, under-
weight or wasted, respectively.13 Furthermore, change in WAZ
z-score (WAZ change) in infancy was computed in STATA as
WAZ (at age 1 or 2 years) minus birth weight z-scores. Height
change in infancy was defined as HAZ at age 2 years minus HAZ
at age 1 year. Pre-pubertal height was measured using a stadio-
meter (Holtain, Crosswell, UK) and recorded to the nearest
millimetre. Pre-pubertal weight was measured using a digital scale
(Dismed, USA) to the nearest 0.1 kg. Body mass index (BMI)
z-scores were also generated using the WHO growth standards.

Body composition

Whole body DXA; Hologic QDR4500A, Waltham, MA,
USA (software version 11.2) was used to measure whole

body fat, lean (fat free soft tissue) and bone mass, excluding
the head.14

Socio-demographic factors

Socio-economic status (SES) measures that were collected
from the primary caregiver at 1 year of age included marital
status, maternal education and household environment (water
usage, water type, house ownership, type of house and
availability of electricity).

Statistical analysis

STATA version 10 was used for all statistical analyses. The
continuous variables were summarized by gender in tables as
number of observations, mean, standard deviation and P-values
at a 5% level of significance using a t-test. Some of the variables
were categorized, recoded, labelled and cross-tabulated to give
proportions for each gender in percentages and frequencies plus
the P-values using a Pearson’s x2-test. This test also was used to
check selection bias of the study sample with respect to the
analytical study sample and the Birth-to-Twenty cohort exclu-
ded from the analyses. Scatterplots and histograms were used at
initial exploratory stage to familiarize with the data. We explored
multiple bivariate associations between each of the early life
factors and pre-pubertal BMI and fat, lean and bone mass, using
linear regressions to determine possible exposures to include
in the multiple linear regression models. DXA-derived body
composition data were not normally distributed, and thus were
log-transformed. Linearity was tested by comparing fitted and
predicted residuals for the independent variables. Consequently,
the multiple linear regression models assumptions were fulfilled.
Multiple linear regressions were completed at 1% level of sig-
nificance to allow for multiple testing. For the multiple linear
regressions, we adjusted the significant bivariate analyses for
confounders, namely sex, SES and current height (except for
BMI z-score models) to determine the independent contribution
of each exposure variable to respective outcome variables and the
regression coefficient, confidence interval plus standard errors
and effect sizes were tabulated. The log-transformed variables
were then back-transformed for the sake of interpreting the
models in actual measurement units in the text.

Ethical considerations

Ethics approval was obtained from the University of the
Witwatersrand Human Research Ethics Committee (Certifi-
cate no: M090420). Informed consent was obtained from
caregivers or parents at all points of data collection.

Results

Characteristics of study sample

We examined for potential analytical sample bias and found
that there were no significant differences with respect to key
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demographic and childhood characteristics at birth between
the study sample and black participants from the Birth-to-
Twenty cohort who were not included (Appendix 1) except
that the mothers in the study sample were younger than those
from the entire Birth-to-Twenty black sample, which implied
that they had fewer pregnancies and fewer numbers of
children than in those in the study sample.

Subject characteristics are presented in Table 1. There was
a significant difference in breastfeeding duration with boys
being breastfed for a significantly shorter period (12.7 months)
than girls (16.4 months). None of the other infant feeding data
or dietary patterns was different between the sexes.

Birth weight was significantly higher in the boys and they
were also taller at 1 and 2 years of age than the girls. Boys
were also significantly lighter for their height than girls at
2 years (P < 0.05). Girls grew closer to their expected trajectories
than boys. Boys tended to fall off their weight trajectories.
On the contrary, there was no significant sex difference in
change in HAZ score between ages 1 and 2 years (P < 0.05).

At 10 years of age, girls had significantly greater fat mass
than boys, but there were no significant differences in height,
weight or lean mass between the sexes. There was also no
difference in whole body bone mineral content and bone area
between the boys and girls at 10 years of age. Stunting,
wasting and underweight at 1 year were 8.6% (n 5 12), 3.6%
(n 5 5) and 8.6% (n 5 12), respectively. This increased nearly
two-fold at age 2 years: 15.7% (n 5 22) stunting, 8.6%
(n 5 12) wasting and 16.4% (n 5 23) underweight in this
study sample. There were no sex differences in the socio-
economic variables at age 1 year in this study sample.

Association between infant nutrition and body composition

The results of the bivariate and multiple linear regression
analyses are presented in Tables 2 and 3, respectively. None of
the infant feeding variables or dietary scores were significantly
associated with body composition at 10 years of age (Table 2).

Association between infant anthropometry and body
composition

Birth weight was significantly associated with lean mass and
BMI z-score at 10 years, even after adjusting for confounders
(Table 3). A one-birth weight z-score increase was associated
with a 1051 g increase in lean mass and a 0.22 increase in
BMI z-score at the age of 10 years. The models accounted for
almost 63% (r2 5 0.63) and 10% (r2 5 0.10) of the variance
in the lean mass and BMI z-scores, respectively.

Those who were stunted at age 1 year had 1259 g lower
fat mass at 10 years of age compared with their non-stunted
counterparts (P , 0.01).

Stunting at 2 years of age was only significantly associated
with lean mass at 10 years in the multiple linear regression
model with those stunted having 1116 g lower lean mass
compared with the non-stunted children. Underweight at

age 1 year was associated with lower pre-pubertal lean mass
after adjusting for confounders, whereas the associations
between being underweight at age 2 years and the body
composition measures were statistically insignificant.

Wasting at 1 and 2 years of age did not significantly predict
any of the pre-pubertal body composition outcomes. A one
z-score increase in WAZ change at age 2 years was significantly
and positively associated with fat mass and BMI z-scores but not
lean and bone mass at 10 years of age (P , 0.01). An increase in
the WAZ z-score by one between birth and 2 years of age was
associated with a 1083 g and 0.19 increase in fat mass and BMI
z-scores, respectively, in the multiple linear regression models.
HAZ z-score change from age 1 year to 2 years was not a
predictor of any of the body composition measures in both
models.

Discussion

In the present study, we have shown in a longitudinal cohort
of children living in an LMIC that birth weight was positively
associated with lean mass and BMI at 10 years of age. We also
found that those children who were stunted in the 1st year
of life had markedly lower fat mass at pre-puberty compared
with their non-stunted counterparts, whereas stunting at
2 years of age only influenced lean mass at 10 years. Our study
also showed that being underweight at age 1 year significantly
predicted lower lean mass at 10 years. In the current study, larger
WAZ change values, but not HAZ change values, were sig-
nificantly associated with higher fat mass and BMI z-scores at
10 years of age. This study did not find any associations between
infant dietary patterns or wasting and pre-pubertal body com-
position, likely because of the generally poor quality of the diet
as assessed by the DDS and FVS scores.

We have shown an association between birth weight and
lean mass at 10 years of age, a finding similar to those of other
studies,15–18 suggesting that the trajectory of muscle growth is
set in prenatal life. The R2 from the models showing the
association between birth weight and lean mass changed from
0.09 to 0.63 after adjusting for confounders implying that
gender, current height and SES markedly alter the associa-
tion. This finding conflicts previous reports that suggest
that foetal influences reflected in birth weight could program
different body components independent of the postnatal
environment.8 In the present study, we also found a sig-
nificantly positive association between birth weight and pre-
pubertal BMI. Some reports that suggest that a higher birth
weight is associated with an increased risk of obesity have used
BMI as a surrogate measure of adiposity.19,20 In this study, we
included BMI z-scores to gain insight into its association with
infant nutrition and growth since it has recently gained public
health attention as it has been reported to be correlated to car-
diovascular disease risk and other chronic diseases. However,
BMI is a measure of weight in proportion to height and it does
not distinguish between muscle, bone and fat mass. Therefore,
we made use of DXA-derived body composition, which provides
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Table 1. Study sample characteristics

Variable Boys (n 5 75) Girls (n 5 65) P-value

Infant feeding
Breast-feeding (duration in months) 12.7 6 8.5 16.4 6 7.5 0.01*
Bottle (duration in months) 10.5 6 5.7 10.5 6 5.2 0.99
Introduction of solids (age in months) 3.1 6 1.2 3.2 6 1.1 0.70

Dietary patterns at age 1 year
DDS 1.0 6 0.2 1.0 6 0.1 0.55
FVS 2.0 6 0.7 2.0 6 0.7 0.83

Anthropometry
Gestational age (weeks) 37.0 6 1.7 37.9 6 1.5 0.79
Birth weight (g) 3213 6 528 3012 6 450 0.02*

Age 1 year
Height (cm) 74.7 6 3.1 72.8 6 3.3 0.00*
Weight (kg) 9.8 6 1.5 9.4 6 1.5 0.12
HAZ (score) 20.5 6 1.2 20.6 6 1.1 0.78
WAZ (score) 20.4 6 1.4 20.1 6 1.3 0.34
WHZ (score) 0.1 6 1.4 0.5 6 1.4 0.08
WAZ change between 0 and 1 year (score) 20.5 6 1.3 0.1 6 1.3 0.01*

Age 2 years
Height (cm) 84.0 6 3.6 82.6 6 3.8 0.03*
Weight (kg) 11.7 6 1.8 11.6 6 1.7 0.80
HAZ (score) 20.8 6 1.1 20.9 6 1.2 0.43
WAZ (score) 20.8 6 1.4 20.4 6 1.3 0.07
WHZ (score) 20.3 6 1.4 0.3 6 1.5 0.03*
WAZ change between 0 and 2 years (score) 21.0 6 1.4 20.2 6 1.4 0.00*
HAZ change between 1 and 2 years (score) 20.3 6 1.0 20.4 6 1.1 0.58

Age 10 years (pre-pubertal)
Height (cm) 138.0 6 6.0 138.0 6 8.0 0.68
Weight (kg) 32.6 6 6.0 34.0 6 8.4 0.27
BMI (z-score) 20.09 6 0.81 0.10 6 1.2 0.27
Fat mass (g) 6853 6 3666 9324 6 5151 0.00*
Lean mass (g) 21,352 6 3113 20,728 6 4075 0.31
Whole body BMC (g) 723 6 124 811 6 645 0.25
Whole body BA (cm2) 1011 6 134 1029 6 179 0.49

Socio-demographic factors
Maternal education

<Standard 8 9 (12.0) 8 (12.3) 0.96
>Standard 9 66 (88.0) 87 (87.7)

Marital status
Single/separated/divorced/widowed 56 (76.7) 53 (81.5) 0.33
Married/living together 19 (25.3) 12 (18.5)

House type
House 68 (90.7) 62 (95.4) 0.28
Other 7 (9.3) 3 (4.6)

House ownership
Owned 48 (64.0) 43 (66.2) 0.79
Other 27 (36.0) 22 (33.9)

SES-water type
Indoor 31 (41.9) 37 (56.9) 0.08
Other 43 (58.1) 28 (43.1)

SES-water usage
Sole usage 61 (82.4) 56 (86.2) 0.55
Shared 13 (17.6) 9 (13.9)

Electricity
No 3 (4.0) 0 (0.0) 0.10
Yes 72 (96.0) 65 (100.0)

DDS, dietary diversity score; FVS, food variety score; HAZ, height-for-age; WAZ, weight-for-age; WHZ, weight-for-height; BMI,
body mass index; BMC, bone mineral content; BA, bone area; SES, socio-economic status.

Values are presented as mean 6 S.D. for continuous variables and number (%) for categorical variables. Variable categories were
rounded off to the nearest one decimal place therefore may not sum to 100%.
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Table 2. Bivariate correlations exploring the association between early life variables and pre-pubertal body composition in black South African children from the Bone Health sub-study (n 5 140)

Fat mass (g) Lean mass (g) Bone mass (g) BMI (z-scores)

b (99% CI) S.E. R2 b (99% CI) S.E. R2 b (99% CI) S.E. R2 b (99% CI) S.E. R2

Predominantly breastfeeding 68.25 (261.42 to 197.91) 49.6 0.01 231.25 (2133.72 to 72.23) 39.2 0.00 5.25 (27.62 to 18.12) 4.9 0.01 0.01 (20.02 to 0.04) 0.01 0.01

Formula feeding 36.95 (2345.1 to 619.31) 162 0.05 54.17 (2361.45 to 459.80) 136.3 0.01 4.42 (215.69 to 24.54) 6.8 0.03 0.02 (20.09 to 0.12) 0.03 0.02

Introduction of solids 98.12 (2789.03 to 985.28) 539.7 0.0 60.16 (226.01 to 146.39) 33.0 0.02 213.49 (2710.68 to 683.70) 266.9 0.03 20.01 (20.20 to 0.18) 0.07 0.07

DDS 287.61 (2808.49 to 1383.79) 419.7 0.00 87.33 (2775.06 to 949.71) 330.2 0.00 49.73 (257.60 to 157.05) 41.1 0.01 0.04 (20.2 to 0.28) 0.09 0.00

FVS 2288.37 (21822.56 to 1245.82) 587.4 0.0 2232.63 (21437.90 to 972.64) 461.5 0.00 73.68 (276.32 to 223.68) 57.4 0.01 20.10 (20.43 to 0.24) 0.13 0.00

Birth weight z-score 625.16 (2381.81 to 1632.13) 385.5 0.02 1050.9 (287.18 to 1814.54)* 292.4 0.09 24.32 (2104.21 to 95.57) 58.2 0.00 20.20 (20.62 to 0.42)* 0.08 0.04

Stunting (year 1)

Non-stunted 1 1 1 1

Stunted 22758.94 (6374.76 to 866.87)* 365.2 0.03 22556.56 (–5341.75 to 228.63)* 1066.3 0.04 2180.32 (2533.60 to 172.96) 135.3 0.01 20.34 (21.13 to 0.44) 0.30 0.01

Stunting (year 2)

Non-stunted 1 1 1 1

Stunted 21365.86 (24132.38 to 400.67) 1059.2 0.01 22444.08 (24562.03 to 326.13)* 810.9 0.06 104.92 (2167.97 to 377.42) 104.3 0.01 20.07 (20.68 to 0.53) 0.23 0.00

Underweight (year 1)

Non-underweight 1 1 1 1

Underweight 21852.28 (25446.96 to 1742.40) 1376.3 0.01 22420.54 (25211.74 to 370.65) 1068.6 0.04 2197.44 (2550.27 to 155.39) 135.1 0.02 20.20 (0.99 to 0.59) 0.30 0.00

Underweight (year 2)

Non-underweight 1 1 1 1
Underweight 22233.41 (24971.89 to 505.08) 1048.50 0.03 21332.67 (23499.05 to 833.72) 829.4 0.02 2102.66 (2375.19 to 169.88) 104.34 0.01 20.32 (20.92 to 0.29) 0.23 0.01

Wasting (year 1)

Non-wasted 1 1 1 1

Wasted 21091.95 (26544.98 to 4360.67) 2087.6 0.00 22156.72 (26417.88 to 2104.44) 1631.42 0.01 2173.02 (2707.99 to 361.94) 204.8 0.01 20.22 (21.42 to 0.97) 0.46 0.00

Wasting (year 2)

Non-wasted 1 1 1 1

Wasted 21574.31 (25175.53 to 2026.91) 1378.8 0.25 21432.65 (24257.37 to 1392.05) 1081.5 0.01 2106.58 (2461.34 to 248.18) 135.8 0.00 20.32 (21.10 to 0.47) 0.30 0.01

Weight change (year 1) 1158.43 (446.27 to 1870.60)* 272.7 0.12 650.11 (72.96 to 1227.26)* 221.0 0.06 44.84 (228.90 to 118.59) 28.2 0.02 0.19 (0.03 to 0.35)* 0.06 0.08

Weight change (year 2) 1148.75 (506.10 to 1791.40)* 246.0 0.14 537.32 (7.31 to 1067.33)* 202.9 0.05 26.11 (241.60 to 93.82) 25.9 0.01 0.19 (0.05 to 0.34)* 0.06 0.08

Height change (years 1–2) 23.32 (2947.50 to 994.13) 371.7 0.00 281.91 (2478.23 to 1042.05) 291.0 0.01 224.27 (2119.52 to 70.98) 36.5 0.00 0.04 (20.17 to 0.25) 0.08 0.00

BMI, body mass index; S.E.,standard error; CI, confidence intervals; DDS, dietary diversity score; FVS, food variety score.

The values are from bivariate linear regressions for continuous variables are presented as regression coefficients, 99% CI and the S.E. and R2 and for categorical exposure variable, one represent the reference group at *P < 0.01

level of significance.
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Table 3. Independent multiple linear regression exploring the association between exposures and pre-pubertal body composition in black South African children from the Bone Health sub-study
(n 5 140), adjusted for sex, current height (except for BMI z-score) and SES at age 1 year

Variable Fat mass (g)/log b (99% CI) S.E. R2 Lean mass (g)/log b (99% CI) S.E. R2 BMI z-score, b (99% CI) S.E. R2

Anthropometry
Birth weight z-score 0.09 (20.01 to 0.19) 0.04 0.21 0.03 (0.00 to 0.05)* 0.01 0.63 0.22 (0.00 to 0.45)* 0.09 0.10

Year 1
Stunting

Non-stunted 1 0.07 0.81 1 0.05 0.07 1 0.34 0.07
Stunted 20.23 (20.41 to 0.04)* 20.11 (20.25 to 0.03) 20.11 (20.98 to 0.77)

Underweight
Non-underweight 1 0.08 0.80 1 0.05 0.09 1 0.33 0.07
Underweight 20.06 (20.26 to 0.14) 20.14 (20.27 to 0.00)* 20.03 (20.83 to 0.90)

Weight change z-scores 0.07 (20.01 to 0.14) 0.03 0.26 0.00 (20.02 to 0.02) 0.01 0.61 0.15 (20.03 to 0.33) 0.07 0.11
Year 2

Stunting
Non-stunted 20.09 (20.24 to 0.06) 0.06 0.80 1 0.04 0.10 1 0.27 0.08
Stunted 20.11 (20.22 to 0.01)* 20.23 (20.47 to 0.92)

Underweight
Non-underweight 1 0.06 0.80 1 0.02 0.81 1 0.26 0.08
Underweight 20.07 (20.22 to 0.08) 0.01 (20.04 to 0.06) 20.32 (21.00 to 0.36)

Weight change z-scores 0.08 (0.02 to 0.15)* 0.03 0.26 0.01 (20.01 to 0.03) 0.01 0.61 0.19 (0.03 to 0.35)* 0.06 0.13

BMI, body mass index; SES, socio-economic status; CI, confidence intervals; S.E., standard error.
The values are from multiple linear regressions for continuous variables and are presented as regression coefficients, 99% CI, S.E., R2 and the P-value (*significant at P < 0.01).
For categorical exposure variables, one represents the reference group.
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a better estimation of each body component to assess the associ-
ations. In this longitudinal study, birth weight was significantly
and positively associated with lean mass rather than fat mass or
bone mass, and therefore we suggest that the positive association
between birth weight and BMI could have been mediated by
programming of greater lean mass rather than fat mass.

Our study suggests that stunting in the 1st year of life has a
greater influence on pre-pubertal fat mass than stunting at
2 years of age. On the other hand, stunting at age 2 years has
a significant impact on lean mass compared with the 1st year
of infancy. Infancy is a period marked by rapid growth, which
puts high demands on nutrition, thus any nutritional insult
during this period could lead to metabolic programming that
allocates cells to different body components (fat, lean or
bone) for survival resulting in stunted growth.8 Permanent
adaptations of these components might be detrimental to
health in later life. In our study, stunting, a measure of linear
growth retardation and an established indicator of chronic
under-nutrition, predicted lower fat and lean mass pre-
pubertally. Contrary to other studies from HICs,21,22 which
have shown that those who were stunted as infants gain less
lean mass and more fat mass compared with the non-stunted
counterparts, our data did not show any evidence that those
children who were stunted in infancy were more likely to have
higher fat mass. Our findings are consistent with those from
a low-income study cohort in Kingston, Jamaica.23 In the
Kingston study, researchers found that children aged between
7 and 11 years who were stunted between 9 and 24 months of
age, had lower fat mass than those who were not stunted.
Previously, our colleagues using data from the Birth-to-Twenty
study reported significant associations between stunting at
2 years of age and total fat and total tissue, but not lean mass, at
7–9 years of age, with those who were stunted having lower fat
mass.24 The discrepancy between the findings from these studies
and those in HICs could possibly be explained by the fact that
the black South African children, who made up the majority of
our study cohort, like the Jamaican sample,23 were from a low-
income area with a low household food security, or that they had
not yet reached puberty, an important time for fat mass accrual.

In the current study, we have shown that those who were
stunted and underweight in infancy had lower lean mass at
age 10 years compared with their non-stunted counterparts.
Low muscle mass impairs physical work capacity and could
have profound implications for productivity in physically
demanding careers, which could have economic development
implications in LMICs like South Africa.25 We also found
that wasting in infancy, though showing a tendency towards
lower fat, lean and bone mass had no significant effect on any
of the body composition measures in this longitudinal study.
Wasting in children implies failure to gain weight and is often
associated with poor physical and physiological develop-
ment.26 To disentangle the combined effect of weight and
height on body composition, we further investigated the
association between WAZ and HAZ changes in infancy and
later body composition. The study showed that WAZ change

but not HAZ change during the first 2 years of life was
positively associated with all the body composition measures.
However, the associations only remained for fat mass and
BMI after adjusting for confounders. Underweight for age at
1 year was associated with reduced lean mass at 9/10 years.
Yet, a gain in WAZ change was associated with an increase
in fat mass. These findings are consistent with another
study that found a positive association between weight gain
in infancy and BMI and fat mass in 19-year-old Dutch
children.27 Although we did not show an association between
height change between 1 and 2 years of age and body com-
position at 10 years, a study from Guatemala found a positive
association between HAZ z-score change from birth to
2 years of age and lean mass but not fat mass in adults.28

These findings might imply that an increase in WAZ change
in infancy predicts body fatness, whereas HAZ change in
infancy may programme lean mass.

We did not show any association between infant feeding or
dietary patterns, and pre-pubertal composition. This may be
as result of how infant feeding and dietary data were captured;
the FFQ data were collected retrospectively and hence we
cannot rule out measurement error and recall bias as has
previously been reported.29,30 Several studies have failed to
find consistent results in the association of infant feeding with
growth and later body composition due to confounding.31,32

However, considering the importance of nutrition in early life
growth, there is a need to improve on data collection accuracy
and reporting to unpack the possible long-term health ben-
efits of infant feeding practices. The most important strength
of this study was the use of longitudinal data from the Birth-
to-Twenty study cohort. It allowed us to check associations of
early life growth, nutrition and socio-demographic variables
with subsequent growth patterns and body composition at
10 years of age in pre-pubertal children in a developing
country undergoing a dramatic socio-economic and nutrition
transition.

We acknowledge one of the major limitations of this study
is incomplete anthropometric data at delivery. Therefore, we
could not compute height change from birth but could only
assess height change between 1 and 2 years of age. We also
lost a number of participants from the Bone Health sub-study
data because of missing early life data; hence, the precision
of our findings was compromised. Quantifying the FFQ to
estimate energy and nutrition intake could have given more
insight into infant nutrition rather than use of dietary scores.
Examining numerous exposure variable associations between
early life factors and pre-pubertal body composition increases
type 2 errors. However, we lowered the significance level to
P , 0.01 to compensate for multiple testing so as to minimize
type 2 errors. The DXA-derived data were skewed; hence,
log-transforming complicated the interpretation of regression
outputs, and thus the data had to be back-transformed.

Of importance is the implication of these findings for
LMICs undergoing socio-economic and nutrition transition.
Our data showed that growth faltering in infancy resulted in
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lower fat and lean mass at pre-puberty. As the nutrition
transition wave intensifies in South Africa, we speculate that
the same group could be at a higher obesity risk if they are
exposed to over-nutrition during adolescence. In addition,
weight changes in infancy are positively related to measures of
body fatness at pre-puberty, independent of SES or sex,
implying that this study population might have already been
programmed towards obesity risk, and this speculation needs
confirmation with further longitudinal data into adulthood.

Maternal nutrition should also be a public health priority
involving intervention programmes that target women of
reproductive age and nutrition counselling prior to conception
and during pregnancy for optimal birth outcomes such as birth
weight. We recommend optimal weight gain in infancy to reduce
later obesity risk. However, because of inconsistency in our
findings with other studies around the programming of body
composition by early nutrition, it might be premature to make
policy recommendations at this stage regarding infant feeding.
In conclusion, our study has highlighted some evidence of pro-
gramming of body composition at 10 years of age with the key
findings that birth weight consistently predicted higher lean mass
and BMI only, and stunting and being underweight in infancy
did not show any tendency towards higher fat mass but rather
reduced fat mass at pre-puberty. Change in WAZ z-score in
infancy programmed body fatness but not bone or muscle mass.
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Appendix 1: Comparison between Birth-to-Twenty Black participants and those in the study sample

Variable
Study sample

(n 5 140; n %)
Birth-to-Twenty Black

(n 5 2194; n %)
Test

statistic P-value

Gender of participant
Male 75 (53.57) 1048 (47.77) x2 5 1.78 0.17
Female 65 (46.43) 1146 (52.23)

Gestational age (weeks)
<36 20 (14.29) 276 (12.89) x2 5 0.23 0.63
371 120 (85.71) 1866 (87.11)

Birth weight (g)
<2499 16 (11.43) 225 (10.33) x2 5 3.35 0.19
2500–3999 89 (63.57) 1547 (70.12)
40001 35 (25.00) 421 (19.55)

Gravidity
1 64 (45.71) 697 (31.77) x2 5 11.65 0.00
21 76 (54.29) 1497 (68.23)

Parity
1 70 (50.00) 765 (34.87) x2 5 13.12 0.00
21 70 (50.00) 1429 (65.13)

Maternal age
13–18 31 (22.14) 240 (10.94) x2 5 18.32 0.00
19–29 82 (58.57) 1327 (60.51)
301 27 (19.29) 626 (28.55)

Maternal education
<Standard 8 77 (55.00) 1228 (61.80) x2 5 2.55 0.11
>Standard 9 (high school/post-schooling) 63 (45.00) 759 (38.20)
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