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Abstract
Background Growth patterns may be indicative of underlying changes in body composition. However, few studies 
have assessed the association of growth and body composition in poorly resourced regions experiencing the double-
burden of malnutrition exists. Thus, the aims of this study were to investigate the association of intrauterine and 
postnatal growth patterns with infant body composition at 2 years in a middle-income country.

Methods Participants were from the International Atomic Energy Agency Multicentre Body Composition Reference 
study. Fat mass (FM), fat free mass (FFM), Fat mass index (FMI), fat free mass index (FFMI), and percentage fat mass 
(%FM) were measured in 113 infants (56 boys and 57 girls), from Soweto, South Africa, using deuterium dilution 
from 3 to 24 months. Birthweight categories were classified using the INTERGROWTH-21 standards as small (SGA), 
appropriate (AGA), and large-for gestational age (LGA). Stunting (> -2 SDS) was defined using the WHO child growth 
standards. Birthweight z-score, conditional relative weight and conditional length at 12 and 24 mo were regressed on 
body composition at 24 mo.

Results There were no sex differences in FM, FFM, FMI and FFMI between 3 and 24 mo. SGA and AGA both had 
significantly higher %FM than LGA at 12 mo. LGA had higher FM at 24 mo. Children with stunting had lower FM 
(Mean = 1.94, 95% CI; 1.63–2.31) and FFM (Mean = 5.91, 95% CI; 5.58–6.26) at 12 mo than non-stunting, while the 
reverse was true for FFMI (Mean = 13.3, 95% CI; 12.5–14.2) at 6 mo. Birthweight and conditionals explained over 70% 
of the variance in FM. CRW at both 12 and 24 mo was positively associated with FM and FMI. CRW at 12 mo was also 
positively associated with FMI, while CH at 24 mo was negatively associated with both FFMI and FMI in boys.

Conclusion Both LGA and SGA were associated with higher body fat suggesting that both are disadvantaged 
nutritional states, likely to increase the risk of obesity. Growth patterns through infancy and toddler period (1–2 years) 
are indicative of body fat, while growth patterns beyond infancy are less indicative of fat-free mass.
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Introduction
Paediatric obesity is rising globally, and the prevalence 
is rising faster in low- and middle-income countries 
(LMIC) than other regions [1–4]. In 2020, 39  million 
children under the age of 5 had obesity or overweight 
with almost half of the number living in the developing 
countries [5]. By 2030, it is estimated that 28% of chil-
dren between 5 and 9 years of age will have obesity in 
South Africa, which is higher than the estimated preva-
lence in the United States of America [6]. Obesity tracks 
through the life course, and infant weight and length gain 
are associated with lifelong overweight and obesity [7, 
8].While sub-Saharan Africa (SSA) is experiencing the 
fastest rise in obesity [9], the prevalence of stunting has 
remained persistently high (~ 40%), leading to the exis-
tence of a double-burden of malnutrition [10, 11].

Anthropometric measurements such as the body 
mass index (BMI) are the most commonly used proxy 
for body composition, and growth patterns in utero and 
infancy play a key role in laying the foundation for excess 
fat accrual [12, 13]. However, BMI does not differenti-
ate between the components of body composition [14]. 
It has been suggested that the acceleration in postnatal 
fat gain precedes the acceleration in body mass, subse-
quent to intrauterine growth restriction [15], leading to 
a mismatch between body fat and body size among mal-
nourished children [16]. Others have shown that fat mass 
gain during infancy is a stronger predictor of the onset 
and risk of cardiometabolic disease in adulthood than 
rapid weight gain [17–19]. Thus, given the continued use 
of anthropometry, and the growing need to better char-
acterise multicompartmental body composition, there is 
a need to examine the associations between growth and 
objectively measured body composition.

A number of studies have examined the association 
between growth and body composition [20–22], but 
there is scarcity of data in SSA. Assessing these patterns 
during critical periods of fat mass accrual may eluci-
date on the ability of growth to reflect changes in body 
composition. The period between birth and 6 months 
is considered a critical period, with babies experienc-
ing a 30% increase total body fat increase by 30% in the 
first 6 months than at 2 years [23]. Thus, the aims of 
this longitudinal study of infants from a middle-income 
country were to assess (i) the relationship between 
intrauterine growth (using birthweight as a proxy) and 
postnatal changes in body composition, (ii) the relation-
ship between postnatal nutritional status (stunting) and 
concurrent body composition, and (iii) the association 
between birthweight, growth (0–12 months and 12– 24 
months) and body composition at 24 months.

Methods and study design
Study design
Data for this study was a secondary analysis of data drawn 
from the International Atomic Energy Agency Multicen-
tre Body Composition Reference Study (IAEA-MBCRS). 
IAEA-MBCRS is a longitudinal study on singleton infants 
born in Soweto between 2014 and 2019. A total of 411 
black mothers of infants born at Chris Hani Baragwanath 
Academic Hospital, South Africa, were recruited into the 
study. The commitment to the IAEA was to recruit 100 
mother-infant pairs for inclusion into the global study. 
For the current study, a total of 115 infants with data at 
birth, 12 and 24 months were included. Sensitivity analy-
ses were performed by comparing excluded participants 
to those who were included in the analytical sample. 
Mothers who were 18 years and above living in Soweto 
urban township, which is part of the Johannesburg Met-
ropolitan Council Area in South Africa, were randomly 
approached and recruited at the maternity ward at Chris 
Hani Baragwanath Academic Hospital. Eligibility was 
based on the following criteria: (i) mothers had to be 
residents of Soweto, 18 years and above, must have deliv-
ered a full term (between 37- and 42-weeks) singleton 
healthy baby; (ii) A non-smoker and willing to breast-
feed for up to 6 months and must have attained at least 
secondary school education level. Eligible mother-baby 
pairs were then followed up from birth until they reached 
24 months. Infants with significant morbidity and con-
genital abnormalities were excluded from the study. All 
mothers provided written informed consent, and the 
ethical approval to conduct the study was granted by the 
University of the Witwatersrand Ethics Committee for 
Research on Human Subjects (M200997). All processes 
and methods were carried out in accordance with the 
IAEA-MBCRS guidelines and regulations.

Anthropometric measurements
Anthropometric measurements were taken at 3, 6, 9, 12, 
15, 18, 24 months follow-up visits as per World Health 
Organization (WHO) Multicentre Growth Reference 
Study (MGRS) standardized methodology [24, 25]. A 
portable electronic scale (Seca 376) placed on a flat sur-
face and covered with a soft paper towel to protect the 
baby from direct contact with the cold surface was used 
to measure weight. The scale was then tared before plac-
ing a naked baby and measurement was recorded when 
the baby was calm. For measurement reliability, all infant 
measurements were taken in duplicate and recorded 
blinded by two research assistants. The supine length 
was measured from the crown of the head to the heels 
using a calibrated Harpenden Infantometer (Range 300-
1100  mm) with digital counter readings to the nearest 
0.1 cm. For measuring of length, the Infantometer with a 
perpendicular fixed headboard and a movable footboard 
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was placed on a flat surface with a soft paper towel on top 
to prevent the baby from direct contact with the cold sur-
face. The measurement was taken with the head touching 
an immovable heard board, positioned in the Frankfort 
vertical plane, secured by the supporting research assis-
tant standing at the head position. The lead measurer 
stood on the side to hold the baby’s legs together making 
sure that the knees were straightened, and the footboard 
moved gently towards the heels of the baby. Quality con-
trol of the instruments was performed daily before use. 
Weighing scale (Seca 376) was calibrated using different 
weights of 0.5 kg, 1 kg, 2 kg, and 5 kg. Harpenden Infan-
tometer was calibrated using two aluminium metallic 
rods of 75 cm and 40 cm.

Derived variables
Birth size categories were classified as small for gesta-
tional age (SGA), appropriate for gestational age (AGA), 
and large for gestational age (LGA) using INTER-
GROWTH-21 standards [26]. Length-for-age (HAZ) was 
computed using 2006 WHO child growth standards for 
children from birth to five years. Stunting was defined 
as HAZ <-2 [27]. Conditional relative weight and con-
ditional length) were obtained as standardised residuals 
by regressing previous length and weight on weight and 
length 12 and 24 months [28]. Conditional relative weight 
is the weight at current age accounting for current height 
and previous weight, while conditional length does not 
account for current weight [28]. For example, conditional 
relative weight at 24 months was obtained by regressing 
weight at birth and 12 months, and length at 12 and 24 
months on weight at 24 months. Comparison by nutri-
tional status (e.g., stunting vs. non-stunting) was assessed 
using the independent t-tests.

Body composition measurement
Total body water (TBW) was measured by stable isotope 
dilution method using 99.8 atom % D, Sigma-Aldrich 
deuterium oxide isotope as outlined in the IAEA stan-
dard operating procedures [29]. Infants’ saliva samples 
were collected at 3, 6, 9, 12, 15, 18, and 24 months fol-
low-up visits. Sample collection was a 3-hour process 
that was based in three stages: Baseline sample collec-
tion, dose administration and post dose collection. Base-
line saliva sample was collected 20  min after the baby’s 
last feed by placing a ball of clean cotton wool inside the 
baby’s mouth until it was soaked wet. The soaked cotton 
wool was carefully removed and transferred into 20ml 
syringe. Saliva sample was then squeezed out into a 2ml 
vial labelled with a unique infant identification code. The 
baby was slowly given 1ml dose of undiluted deuterium 
oxide making sure that no spillages occurred. Another 
saliva sample was then collected 3 h post dose adminis-
tration, assuming the enrichment distribution reached 

equilibrium. Samples were stored in -20 degrees Celsius 
until analysis.

Saliva samples were analysed in duplicate using por-
table 4500 Tumbl-IR Fourier transform infrared (FTIR) 
spectrometer (Agilent Technologies, CA, USA) accord-
ing to manufactures instructions. The instrument is fit-
ted with optics suitable for absorbance measurements on 
liquid samples in the mid-infrared range, and only takes 
about 20–30  µl of sample. To prevent cross-contamina-
tion between samples, the sampling window was cleaned 
with 99.9% ethanol after each analysis. Within day coef-
ficient of variations were run daily before and after saliva 
analysis on the FTIR.

FFM was calculated from the measurement of TBW 
by the hydration factors [23]. FM was then derived as 
the difference of body weight and FFM and presented 
as kg or percentage. Body composition indices (FMI and 
FFMI) were defined as fat mass or lean mass in relation to 
height and weight. Log-log index (FM/FFMP) was calcu-
lated by performing a natural log transformation of FM 
and FFM then regressing log FM on log FFM. The regres-
sion coefficient was used as P in the ratio of absolute FM 
and FFM, as FM/FFMP. To present readable results, the 
derived index values were multiplied by 1000 [30].

Data analysis
Continuous data were assessed for normality and where 
appropriate presented as means (95% CI) and as per-
centages for categorical variables. The independent 
t-test and Mann-Whitney U test were used to assess 
differences between groups for continuous normally 
and non-normally distributed variables from birth to 2 
years, respectively. Differences between groups for cat-
egorical variables were compared using the Pearson chi-
square test. The one-way analyses of variance (ANOVA), 
with Bonferroni multiple comparisons test, was used to 
assess differences in body composition between catego-
ries of birthweight (SGA, AGA, and LGA). FM, FMI, 
FFM, FFMI, and FM/FFMP were each regressed on birth-
weight z-score, conditional relative weight, and condi-
tional length at 12 months and 24 months using multiple 
linear regression analyses. All data were analysed using 
Stata 14.2 version (Stata-Corp LP, College Station, Texas, 
USA). Statistical differences were accepted at p < 0.05.

Results
There were no significant differences in maternal demo-
graphic characteristics and infant anthropometric char-
acteristics between included and excluded participants 
(Table S1).

Maternal characteristics
Maternal characteristics for 115 infants (51% girls) are 
described in Table 1. The average age of the mothers was 
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(26.6, 95% CI; 25.6–27.5) years and they had an average 
of (12.8, 95% CI; 11.0-14.5) years of schooling. Most of 
the mothers were not married (89.3% & 86.4% for boys 
and girls respectively), with about 12% being either mar-
ried or cohabiting for both sexes. At screening, most 
mothers were primi- or multiparous, with 58.2% & 64.9% 
having at least one live-birth among the mothers of boys 
and girls respectively.

Sex differences in anthropometric characteristics and body 
composition (Table S2)
There were no sex differences in FM, FFM, FMI, FFMI, 
and FM/FFM between 3 and 24 months.

Association between size at birth and body composition
The association of birthweight categories and body com-
position at 6, 12 and 24 mo is described in Fig. 1. There 
were no significant differences in FM and FMI between 
categories of birthweight. At 12 mo, both (SGA) and 
(AGA) had significantly higher %FM than (LGA) (SGA 
28.6, 95% CI; 26.4–30.8, AGA 27.9, 95% CI; 26.9–28.9, 
LGA 24.0, 95% CI; 19.6–28.3). AGA had higher FFM than 
SGA at 6 mo (SGA 5.0, 95% CI; 4.6–5.4, AGA 5.4, 95% CI; 
5.2–5.6), 12 mo (SGA 6.2, 95% CI; 6.0-6.5, AGA 6.8, 95% 
CI; 6.7–6.9) and 24 mo (SGA 7.6, 95% CI; 7.1–8.1, AGA 
8.5, 95% CI; 8.4–8.8)) mo. Additionally, LGA had higher 
FFM (7.2, 95% CI; 6.6–7.9) than SGA (6.3, 95% CI; 6.0-
6.5), at 12 mo. Similarly, LGA had higher FFMI (13.1, 95% 
CI; 12.3–13.8)) at 12 mo than SGA (11.8, 9, 5% CI; 11.4–
12.1), while AGA (11.9, 95% CI; 11.7–12.2) had higher 
FFMI ) at 24 mo than SGA (11.2, 95% CI; 10.6–11.6).

Association of nutritional status with body composition
Associations between stunting and body composition at 
6, 12, and 24 mo are described in Fig.  2. Children with 
stunting had lower FM (1.9, 95% CI; 1.6–2.3), (2.6, 95% 
CI; 2.3–2.9) and FFM (5.9, 95% CI; 5.6–6.3), 7.5, 95% CI; 
(7.0-7.7) at 12 and 24 mo and additionally at 6 mo for 
FFM (5.0, 95% CI; 4.7–5.4) than children with no stunt-
ing (FM at 12 & 24 mo (2.6, 95% CI; 2.5–2.7 & 3.1, 95% 

CI; 2.9–3.3), FFM at 12 & 24 mo (6.8, 95% CI; 6.7–6.9), 
8.6, 95% CI; 8.4–8.8), FFM at 6 mo 5.3, 95% CI; 5.2–5.4). 
Conversely, children with stunting had higher FFMI 
(Mean 13.3, 95% CI; 12.5–14.2)at 6 mo than children 
without stunting (12.3, 95% CI; 12.1–12.5).

Association of birthweight, conditional relative weight, 
and conditional length with body composition
Association of birthweight, conditional relative weight, 
and conditional length with body composition is 
described in Table 2. Birthweight was significantly asso-
ciated with FFM (β (± SE) boys: 0.23 (-0.1), girls: 0.21 
(-0.05). Conditional relative weight gain at 12 mo was 
positively associated with FM (boys: 0.64 (-0.08), girls: 
0.31 (-0.06), FFM (boys: 0.49 (-0.06), girls: 0.37 (-0.06)), 
FMI (boys: 0.73 (-0.1), girls: 0.44 (0.1)), and FFMI (boys: 
0.40 (-0.13), girls: 0.56 (-0.13). Conditional length at 12 
mo was associated with FM (boys: 0.24 (-0.08), girls: 0.18 
(-0.07) and FFM (boys: 0.59 (-0.08), girls: 0.59 (-0.07). 
Conditional length at 24 mo was positively associated 
with FM (0.22 (-0.08)) and FFM (0.29 (-0.08)) in girls, but 
negatively associated with FMI (-0.34 (-0.11) and FFMI 
(-0.38 (-0.14) in boys. Conditional weight at both 0-12mo 
(0.07 (0.02), (0.05 (0.02)) and 12-24mo (0.06 (0.02), 0.09 
(0.02)) were associated with FM/FFMP in both boys and 
girls, respectively.

Discussion
This study investigated the association of intrauterine 
growth, postnatal infant growth, and nutritional status 
with infant body composition at 2 years. Our findings 
revealed that there were significant differences between 
categories of birthweight and levels of nutritional sta-
tus. Children born SGA and AGA both had significantly 
higher %FM than children born LGA at 12 months of 
age. Conversely, children born LGA had higher FFM and 
FFMI than SGA at 12 months. Additionally, AGA had 
higher FFM at 12 and 24 months and higher FFMI at 24 
months than SGA. Stunting was associated with lower 
FM and FFM at 12 and 24 months and additionally at 6 

Table 1 Maternal characteristics stratified by child sex (boys and girls)
Maternal variable Total Boys (mean 95% CI) Girls (mean 95% CI) P value
N 115 56 59

Age (years) 26.6 (25.6–27.5) 26.2 (24.6–27.8) 26.8 (25.6–27.5) 0.508

Gestational age (weeks) 39.3 (39.0-39.6) 39.3 (38.9–39.7) 39.3 (38.9–39.7) 0.945

Maternal education (years) 12.8 (11.0-14.5) 12.0 (11.9–12.0) 13.5 (10.0-14.5) 0.384

Parity (Freg, %)

None 43 (38.4) 23 (41.8) 20 (35.1) 0.679

One 45 (40.2) 20 (36.4) 25 (43.9)

Two+ 24 (21.4) 12 (21.8) 12 (21.1)

Marital status (Freq, %)

Single/divorced/widowed 101 (87.8.6) 50 (89.3) 51 (86.4) 0.191

Married/cohabiting 14 (12.2) 6 (10.7) 8 (13.6)
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Fig. 1 Relationship between birthweight categories at 6, 12, and 24 months with body composition at 2 years. There were no significant differences in 
FM and FMI between categories of birth weight. At 12 months, both small for gestational age (SGA) and appropriate for gestational age (AGA) had sig-
nificantly higher %FM than large for gestational age (LGA) (p < 0.05). AGA had higher FFM than SGA at 6 (p < 0.05), 12 (p < 0.01) and 24 (p < 0.001) months. 
Additionally, LGA had higher FFM (p < 0.001) than SGA, at 12 months. Similarly, LGA had higher FFMI (p < 0.01) at 12 months than SGA, while AGA had 
higher FFMI (p < 0.05) at 24 months than SGA. Standard errors in parentheses: *** p < 0.001, ** p < 0.01, * p < 0.05
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Fig. 2 Relationship between nutritional status at 6, 12, and 24 months with body composition at 2 years. *** p < 0.001, ** p < 0.01, * p < 0.05
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months for FFM. Conversely, children with stunting had 
higher FFMI at 6 months than children with no stunting. 
Growth patterns from birth to 24 months were signifi-
cantly associated with body composition at 24 months.

SGA is a proxy for intrauterine growth restriction, 
which may adversely influence fat metabolism. It has 
been suggested that there is a differential rate of growth 
between body size and composition among SGA, such 
that the acceleration in subcutaneous fat deposition pre-
cedes acceleration in weight during catch-up growth [31]. 
Children born SGA have a tendency towards higher fat 
absorption than AGA [32]. Consequently, SGA may have 
a greater propensity to accruing body fat [33], especially 
in abdominal depots [34], which may increase the risk 
of later cardiometabolic disease. Conversely, being LGA 
is considered a marker of in utero overnutrition, which 
is likely to predispose children to postnatal obesity [35]. 
Our findings also confirmed that SGA and LGA are 
both disadvantaged nutritional states in infancy, likely 
to increase the risk for obesity. We showed that SGA 
had higher %FM at 12 months than LGA, suggestive of 
increased risk of developing adiposity in SGA However 
%FM has limitations in that it does not account for body 
size when assessing adiposity in infants [36]. A Swed-
ish study reported that both term SGA and LGA infants 
had higher percentage body fat than AGA in the first 4 
months of life [37]. Hediger et al. found that differences 
in body fat between SGA and LGA only emerged at 6 
years of age, with LGA having higher body fat at this age 
[38]. We found that AGA had higher FFM and FFMI at 
24 months than SGA, affirming the metabolic advantage 
of this group.

In contrast to intrauterine growth restriction, post-
natal nutritional deprivation was not associated with 
higher body fat. It has been suggested that during nutri-
tional deprivation in infancy, FM may be preserved at 

the expense of length for optimum metabolic function 
[39]. To this end, it would be expected that children 
with stunting would have higher FM than those without 
stunting. We found that children with stunting had lower 
FM and FFM than children with no stunting. Surpris-
ingly, infants with stunting in the present study had sig-
nificantly higher FFMI at 6 months compared to children 
with no stunting. Others found that stunting was not 
associated with FFMI at 6 months [40], while stunting at 
2 years was negatively associated with total fat-free soft 
tissue mass at 22 years [41].

Early infancy is a critical window for the development 
of adiposity early in life. Previous studies reported that 
weight gain in the first 6 months of life was a better pre-
dictor of fat mass later in life, than did after 6 months 
[42, 43]. We could not establish that rapid growth at 
0–12 months was a better predictor of FM than growth 
at 12–24 months. Our findings in girls also showed that 
rapid linear growth was associated with greater FM and 
FFM at 24 months. These findings may highlight the 
effect of adiposity on linear growth during childhood. 
Forbes et al. hypothesised that childhood adiposity accel-
erates linear growth; meaning that in childhood heavier 
children are generally taller than their peers [44]. Simi-
larly, a study reported an association between rapid lin-
ear growth in infancy with increased visceral adipose 
tissues at 22 years [41]. It has been shown that FM/FFMP 
is statistically robust index which is highly sensitive to 
rapid changes in critical periods of infant growth due to 
the fact that absolute values of FM cannot explain inter-
individual fatness variations [45]. However, our findings 
showed that rapid weight gain was highly associated with 
FM, FFM, FMI, and FM/FFMP at 0–24 months critical 
growth period.

This was the first longitudinal study to investigate the 
effect of growth patterns on nutritional status and body 

Table 2 The relationship between Birthweight z-score, conditional relative weight, and conditional length at 0–12 and 12–24 months 
with FM, FMI, FFM and FFMI at 24 months
Variables FM (kg)

β (± SE)
FFM (kg)
β (± SE)

FMI (kg/m²)
β (± SE)

FFMI (kg/m²)
β (± SE)

FM/FFMp

β (± SE)
N = 113 Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Birthweight z-score 0.08

(-0.1)
0.09
(-0.05)

0.23*
(-0.1)

0.12*
(-0.05)

0.07
(-0.13)

0.09
(-0.07)

0.14
(-0.16)

0.06
(-0.09)

0.05
(0.02)

0.02
(0.01)

Conditional relative weight (0–12 months) 0.64***
(-0.08)

0.31***
(-0.06)

0.49***
(-0.08)

0.37***
(-0.06)

0.73***
(-0.1)

0.44***
(-0.1)

0.40**
(-0.13)

0.56***
(-0.13)

0.07***
(0.02)

0.05***
(0.02)

Conditional length (0–12 months) 0.24**
(-0.08)

0.18*
(-0.07)

0.59***
(-0.08)

0.59***
(-0.07)

0.05
(-0.1)

-0.02
(-0.11)

0.08
(-0.12)

0.15
(-0.14)

0.02
(0.02)

0.02
(0.02)

Conditional relative weight (12–24 months) 0.45***
(-0.09)

0.49***
(-0.07)

0.19*
(-0.09)

0.32***
(-0.07)

0.56***
(-0.11)

0.61***
(-0.1)

0.24
(-0.14)

0.16
(-0.13)

0.06**
(0.02)

0.09***
(0.02)

Conditional length (12–24 months) -0.11
(-0.09)

0.22**
(-0.08)

0.18
(-0.09)

0.29***
(-0.08)

-0.34**
(-0.11)

0.04
(-0.12)

-0.38**
(-0.14)

-0.27
(-0.15)

-0.02
(0.02)

0.04
(0.02)

R-squared 0.73 0.67 0.71 0.77 0.7 0.52 0.36 0.38 0.50 0.50
Abbreviations: FM, Fat Mass; FFM, Fat-Free Mass; FMI, Fat Mass Index; FFMI, Fat-Free Mass Index

Standard errors in parentheses: *** p < 0.001, ** p < 0.01, * p < 0.05



Page 8 of 9Masiakwala et al. BMC Pediatrics          (2023) 23:342 

composition from birth to 2 years using the deuterium 
dilution method in our setting. Our data were from 
healthy breastfed infants of healthy educated moth-
ers who were within the upper socioeconomic status. 
One limitation was that we did not have enough data on 
maternal pre-pregnancy BMI status which would have 
shed a light on whether LGA and high birthweight infants 
were born of women with obesity. The second limita-
tion was that our findings were not representative of all 
infants and were biased to urban African infants. Due to 
our small sample size stunting and size at birth catego-
ries could not be stratified by sex. Lastly, this study did 
not adjust for feeding patterns to assess the association 
with body composition. Nonetheless, this provides the 
groundwork for subsequent studies on infant body com-
position in LMIC, particularly SSA. Understanding how 
growth patterns influence body composition in LMICs 
undergoing dual burden of malnutrition is pivotal.

Conclusion
Although birthweight categories on their own showed 
that SGA at 12 months was associated with increased 
percentage fat mass, adjusting for postnatal growth pat-
terns showed that it was conditional relative weight from 
0–12 and 12–24  months that were positively associated 
with infant FM and FFM. Therefore, this suggests that 
postnatal catch-up growth may be more critical in influ-
encing infant body composition than being born small 
for gestational age. There is a need for early intervention 
and monitoring of rapid gain patterns in infancy.
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