Accretion of fat-free rather than fat mass in infancy is positively associated

with linear growth in childhood

Bitiya Admassu™?", Christian Ritz®, Jonathan CK. Wells®, Tsinuel Girma*, Gregers S. Andersen®,
Tefera Belachew', Victor Owino®, Kim F. Michaelsen?, Mubarek Abera®’, Rasmus Wibaek*®,

Henrik Friis?, Pernille Kastel?

Last name of authors; Admassu, Ritz, Wells, Girma, Andersen, Belachew, Owino, Michaelsen,

Abera, Wibaek, Friis, Kastel
Affiliation

! Department of Population and Family Health, Faculty of Public Health, Jimma University,
Ethiopia; > Department of Nutrition, Exercise and Sports, University of Copenhagen, Denmark; >
Childhood Nutrition Research Centre, UCL Institute of Child Health, London WC1N 1EH, UK;
* Department of Pediatrics and Child Health, Faculty of Medical Sciences, Jimma University,
Ethiopia; > Steno Diabetes Center Copenhagen, Gentofte, Denmark; ° International Atomic
Energy Agency, Vienna, Austria; ' Department of Psychiatry, Faculty of Medical Sciences,

Jimma University, Ethiopia

Email: BA: bitiyaa@yahoo.com; CR: ritz@nexs.ku.dk; JCW: jonathan.wells@ucl.ac.uk; TG:

tsinuel@yahoo.com; GA: gregers.stig.andersen@regionh.dk; TB: teferabelachew@gmail.com;

VO: vowino@hotmail.com; KFM: kfm@nexs.ku.dk; MA: abmubarek@gmail.com; RW:

rwibaek@agmail.com; HF: hfr@nexs.ku.dk; PK: pernille.kaestel@gmail.com



mailto:bitiyaa@yahoo.com
mailto:ritz@nexs.ku.dk
mailto:jonathan.wells@ucl.ac.uk
mailto:tsinuel@yahoo.com
mailto:gregers.stig.andersen@regionh.dk
mailto:teferabelachew@gmail.com
mailto:vowino@hotmail.com
mailto:kfm@nexs.ku.dk
mailto:abmubarek@gmail.com
mailto:rwibaek@gmail.com
mailto:hfr@nexs.ku.dk
mailto:pernille.kastel@gmail.com

*Corresponding author: Bitiya Admassu, Department of Population and Family Health, Faculty
of Public Health, Jimma University, Ethiopia, P. O. Box 378, Jimma, Ethiopia.

bitiyvaa@yahoo.com , bitiya.admassu@ju.edu.et +251 911999382

Word count: 6663 (Abstract through reference)

Category of study: Nutritional epidemiology

Number of figure: 2

Number of tables: 4

OSM submitted: 1

Running title: Fat and fat-free mass accretion and linear growth

List of abbreviations used: ADP, air-displacement plethysmography; ANOVA, One-way
analysis of variance; BC, body composition; EBLUPS, estimated best linear unbiased predictors;
FM, fat mass; FFM, fat-free mass; HAZ, height-for-age z-score; iIABC, infant anthropometry and
body composition cohort; JUSH, Jimma University Specialized Hospital; PCA, principal

component analysis; REML, restricted maximum likelihood.

Funding Source: Danish Council for Strategic Research—Programme Commission on Food and
Health; Danida through the Consultative Research Committee for Development Research

(104.Dan.8-1207 and 09-097 LIFE)

Financial Disclosure: None.


mailto:bitiyaa@yahoo.com
mailto:bitiya.admassu@ju.edu.et

Conflict of Interest: BA, CR, JCKW, TG, GSA, TB, VO, KFM, MA, RW, HF and PK have no

conflict of interest.

Supplemental Tables 1 - 6 are available from the ‘‘Online Supporting Material’’ link in the
online posting of the article and from the same link in the online table of contents at

http://jn.nutrition.org.



http://jn.nutrition.org/

Abstract

Background: We have previously shown that fat-free mass (FFM) at birth is associated with
height at 2 y of age in Ethiopian children. However, the relationship between changes in body

composition during early infancy and later linear growth has not been studied.

Objective: This study examined the associations of early infancy fat mass (FM) and FFM

accretion with linear growth from 1 - 5 y of age in Ethiopian children.

Methods: In the infant anthropometry and body composition study (iIABC), a prospective cohort
study was carried out among children in Jimma, Ethiopia, followed from birth to 5 y of age. FM
and FFM were measured up to 6 times from birth to 6 mo using air-displacement
plethysmography. Linear mixed effects models were used to identify associations between
standardized FM and FFM accretion rates during early infancy and linear growth from 1 - 5y of
age. Standardized accretion rates were obtained by dividing FM and FFM accretion by their

respective SD.

Results: FFM accretion from 0 - 6 mo was positively associated with length at 1 y (f=0.64; 95%
Cl: 0.19, 1.09; P=0.005) and linear growth from 1 - 5y (f=0.63; 95% CI. 0.19, 1.07; P=0.005).
The strongest association with FFM accretion was observed at 1 y. The association with linear
growth from 1 - 5 y was mainly engendered by the 1 y association. FM accretion from 0 - 4 mo
was positively associated with linear growth from 1 - 5y ($=0.45; 95% CI: 0.02, 0.88; P=0.038)

in the fully adjusted model.

Conclusions: In Ethiopian children, FFM accretion associated with linear growth at 1 y and no

clear additional longitudinal effect from 1 - 5 y was observed. FM accretion had weak



association from 1 - 5 y. This study was registered as ISRCTN46718296 at www.controlled-

trials.com.
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Introduction

Childhood stunting is associated with reduced human capital later in life (1). Undernutrition and
multiple infections are considered main causes of stunting in low- and middle-income countries
(2). Although timing of childhood growth faltering has been well documented (3,4), the evidence

on predictors of childhood linear growth is largely based on cross-sectional studies (5,6).

Studies of body composition (BC) in infancy have long been hampered by the lack of feasible
methods, but recent technological advancement has resulted in an increased number of studies
that describe BC throughout childhood in both high (7-11), and low- and middle-income
countries (12,13). As a consequence of these improved methods, there is an increasing interest in
clinical research to identify the effects of fetal and postnatal programming on childhood health

outcomes.

Several studies have shown that low birth weight is a risk factor for shorter height (14,15), while
rapid weight gain during infancy has been linked to a number of health outcomes including non-
communicable diseases in later life (1,16). However, birth weight and weight gain do not
differentiate between fat and fat-free tissue during infancy (17). Although few studies have
addressed the association between growth and nutrition in early infancy and linear growth
longitudinally (14,15,18), the role of early infancy fat mass (FM) and fat-free mass (FFM)

accretion in childhood linear growth remains unknown.



A review by Toro-Ramos et al (10) revealed that FFM tissue increase steadily from birth to 1y,
whereas FM had variable accretion. These different FM and FFM accretion patterns during

infancy might affect later health outcome in a different way.

Recently, in the Ethiopian infant anthropometry and body composition cohort (iIABC), it was
shown that FFM at birth, but not FM, was positively associated with height (19) and
development (20) at 2 y of age. Further, based on the same cohort, it has also been shown that
FFM was accreted linearly during the first 6 mo while FM accretion leveled out at 4 mo of age
(12). However, the immediate and long-term health effects of postnatal BC accretion have not
been studied. Thus, follow-up studies are required to identify the role of FM and FFM accretion
rates during infancy on linear growth throughout childhood. In the present study we examined
the longitudinal association of early infancy FM and FFM accretion rates with linear growth
during childhood. We hypothesized that accretion of FM and FFM in early infancy correlated

differently with linear growth from1-5y.

Subjects and methods
Study design, setting and population

A prospective cohort study was carried out among 644 apparently healthy children followed
from birth to 5 y of age at Jimma University Specialized Hospital (JUSH), Ethiopia. This study is
a follow-up of the iABC study, which involved a longitudinal birth BC cohort that has been
described in detail elsewhere (12,21). In short, mothers and their newborns were recruited among
mothers giving birth at the maternity ward in JUSH. Inclusion criteria were newborn having birth
weight >1500 g, term delivery (gestational age >37 wk) according to the New Ballard score (22),

without congenital malformation and with parents residing in Jimma Town.



Ethical considerations

This study was approved by Jimma University, College of Health Sciences Ethical Review
Board with reference number (RPO/56/2001). Written informed consent was obtained from
mothers/caregivers before enrollment. Participants received an information sheet explaining the
objective of the study and the procedure written in the local language. Children found ill at each

follow-up visit were referred to the pediatric ward of JUSH for further diagnosis and treatment.

Data collection

Child Anthropometry

At birth and at 1.5, 2.5, 3.5, 4.5, and 6 mo of age, BC was measured to the nearest 0.1 g by
trained research nurses using a Peapod®, an air displacement plethysmograph (ADP) previously

described in detail (12).

Anthropometric measurements were taken according to WHO guidelines (23). Child weight and
length were measured at birth, 1.5, 2.5, 3.5, 4.5, 6, 12, 18, 24, 36, 48, and 60 mo of age. Trained
research nurses measured length to the nearest 0.1 cm in recumbent position in children <2 y
using a SECA 416 length board (SECA, Hamburg, Germany) and standing position for children
>2 y using a SECA 213 portable stadiometer. Measurements were taken in duplicate and the

means were used in the analyses.

Maternal anthropometry

At delivery and at 1.5, 2.5, 3.5, 4.5, 6, 12, 18, and 24 mo after delivery, maternal height was
measured using a SECA 213 portable stadiometer to the nearest 0.1 cm while maternal weight

was measured using Tanita 418 (Tanita Corp.,US) bioimpedance analyzer to the nearest 0.1 kg.



Questionnaire data at baseline

Background information including sex of the child, birth order, parental education and
socioeconomic status were collected at baseline by trained research nurses using structured and
pre-tested questionnaires. Parental wealth index was computed from data on socioeconomic
indicators, which were collected within 48 hours after delivery and combined using principal
component analysis (PCA). Then, the PCA score was classified into quintiles. Possession of
household items, availability of drinking water and toilet facility were considered for the wealth

index. A detailed description has been provided elsewhere (19).

Breast feeding status was assessed at 3 mo based on feeding related questions since birth.
Children were categorized as exclusively breastfed (only breast milk with exception of taking
medication in the form of syrups, drops and oral rehydration therapy), predominant breastfed
(breast milk is predominant source of food, but water and liquid drinks added and allowed to
take medicine), partial breast fed (breast feeding with additional solid/complementary food

added), or no breast fed according to the WHO classification (24).

Statistical analysis

Data were double entered in Epidata version 3.1 (Odense, Denmark, 2003-2008). R version 3.3.5
was used to derive the exposure variables (25). STATA/IC 12.1 (StataCorp, College Station, TX,
USA) was used for analysis of outcomes. Baseline characteristics were summarized using means
+ SD for continuous variables, and frequencies and percentages for categorical variables. In
order to calculate height-for-age z-score (HAZ) based on the WHO growth standard, we used the

“Zscore06”(26) STATA command for ages up to 60.9 mo, whereas “WHO Anthro plus” was



used for children >60.9 mo. The calculated HAZ from 12 to 60 mo was used to compare the

children’s growth with the WHO standard.

Derivation of exposure variables

BC data obtained from birth to 4 or 6 mo were used to derive exposure variables in terms of
standardized accretion rates for FM and FFM, respectively. Correspondingly, length

measurements from birth to 4 or 6 mo were used to derive length accretion rates.

The FFM accretion rate was generated from birth to 6 mo of age. Since the linear trend for FM
was not fulfilled from birth to 6 mo (12), we generated the FM accretion rate from birth to 4 mo
and 4 - 6 mo separately. However, as the infant gained negligible fat from 4 - 6 mo with almost
zero slope, only FM from 0 - 4 mo was used as an exposure variable. Specifically, linear mixed
effects models were fitted separately for each of these three variables (FM, FFM, and length)
using restricted maximum likelihood (REML) estimation. All data points, except those from
children having a measurement only at birth, were included in the models. Separate models were
fitted for boys and girls as growth during infancy differ between boys and girls (8,12,27). The
models included age in mo as a linear fixed-effects term and child-specific random intercepts and
slopes for age in mo. In order to improve the precision of the BC accretion rates, the models also
included fixed-effects terms adjusting for baseline differences with respect to sex of the child,

birth order, head circumference, maternal and paternal schooling.

Non-standardized estimates of FM, FFM, and length accretion rates for all children were
obtained from the fitted linear mixed effects models through the estimated best linear unbiased
predictors (EBLUPS) of the slopes for age in mo. The estimated accretion rates were by

definition of EBLUPSs centered around 0 and, thus, provided a relative ranking of the children in
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the study population. Standardized accretion rates were obtained by dividing accretion rates by
their standard deviation and expressed as standard deviation score (SD). Standardized FFM
accretion from 0 - 6 mo and FM accretion from 0 - 4 mo entered as exposure variables in
subsequent statistical analyses, whereas length accretion from birth to 4 and birth to 6 mo were
used as a covariate in the analyses of FM and FFM, respectively. A summary of the above

description was provided in supplemental file (Supplemental Table 1).

Characterization of exposure variables

Non-standardized FM, FFM, and length accretion rates, i.e., the EBLUPs of the slopes of age in
mo, were used to obtain actual mean growth rates from birth to 4 or 6 mo. The birth to 6 mo
mean growth rates were generated by calculating the difference between the 6 months’ predicted
value from the birth value while birth to 4 mo growth were obtained by calculating the mean
difference between predicted values at 4 mo and birth value. The FM and FFM growth rates
were expressed as gram/mo and the length growth rate was expressed as centimeter/mo. One-
way analysis of variance (ANOVA) and two-sample t-tests were used to examine differences in
FM, FFM, and length accretion rates from birth to 4 or 6 mo between sex, birth order, parental

schooling and parental wealth index.

Analysis of outcomes

Linear mixed effects models (with REML estimation) were used to investigate the association
between standardized FM and FFM accretion rates and linear growth from 1 - 5 y (height, cm).
The models included child-specific random intercepts and robust standard errors were used. FM
and FFM (kg) at birth, standardized length accretion (from 0 - 4 mo or 0 - 6 mo, depending on

exposure of interest), sex, birth order, maternal age at delivery, parental education, and
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household wealth index at birth, breast feeding status at 3 mo and maternal BMI at 3 mo
postpartum were all considered potential confounders based on practice in previous publications
(19,28-30). To obtain estimate changes (betas) due to the exposure between time points, the
models also included interaction terms between time of follow-up and exposure. The
accumulated changes in association from 1 - 5 y were derived by adding the betas for each time

points within the interval from1-5y.

Specifically, for both standardized FM and FFM accretion rates, three models with different
levels of confounder adjustment were fitted separately. For FFM, Model 1 included the
interaction between time of follow-up and the standardized FFM accretion rate adjusted for FFM
(kg) at birth. Model 2: Same as Model 1 plus standardized length accretion from 0 - 6 mo, sex,
birth order and breast feeding at 3 mo adjusted for. Model 3 (fully adjusted model): Same as
Model 2 plus maternal age at delivery, parental wealth index and schooling at delivery, and
maternal BMI at 3 mo postpartum. For FM, Model 1 included the interaction between time of
follow-up and FM accretion rate adjusted for FM (kg) at birth. Model 2 and 3 included same
adjustment as described for FFM. Additionally, sex-stratified analyses were carried out. Model
assumptions were assessed using residual plots and QQ plots. A significance level of 0.05 was

used. Unless indicated otherwise, values in the text are mean + SDs.

Results

A total of 644 mother-infant pairs were recruited within 48 hours after birth. Of these, 10 of the
neonates were excluded as they were found to be preterm. Out of 634 infants, 99 had either no
BC measurement or had only one BC measurement at any of the follow-up visits up to 6 mo and,

therefore, they were excluded. In total 535 children had two or more measurement of BC from
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birth to 6 mo and hence were used for estimation of BC accretion rates. Of these 454 were
followed up one or several times during their first 1 - 5 y and had length/height data from1-5y.
A total of 354 children with 1225 observations that had complete data were used in this analysis
(Figure 1). Background characteristics did not differ significantly between children with and

without BC data (Supplemental Table 2).

Baseline characteristics of children and their parents are shown in Table 1. About 51% were
males. At birth, FFM was 2.8 £ 0.3 kg, while FM was 0.2 £ 0.2 kg. At delivery, 12.1% of
mothers were below 20 y with age range from 15 - 40 y. Only 31.3 % of children were

exclusively breast fed at 3 mo.

FM, FFM and length accretion rates

FM, FFM, and length accretion rates from birth to 6 mo were 316 + 97 g/mo, 429 + 59 g/mo, and
2.8 £ 0.3 cm/mo, respectively. FM accretion from birth to 4 mo was 386 + 112 g/month, while
the length accretion rate from birth to 4 mo was 3.3 + 0.4 cm/mo. However, the FM accretion

from 4 - 6 mo was only 102 * 46 g/mo.

As seen in Table 2, FFM accretion rate from 0 - 6 mo differs between sex, birth order, maternal
and paternal education, while FM accretion rate from 0 - 4 mo marginally differed by birth order
only. Sex and paternal education were the only variables that resulted in differences in length
accretion from 0 - 6 mo (Table 2). Length accretion from birth to 4 mo differed by sex (data not

shown).
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Description of length/height

The mean age of the child at outcome assessment were 12.4 £ 0.6, 18.2 + 0.7, 24.3 £ 0.6, 36.4 +
1.2,48.4 +0.9and 59.9 + 1.5 for age 1, 1.5, 2, 3, 4 and 5y, respectively. Mean length/height at
1,15,2,3,4and 5y were 72.8 £ 2.9, 78.3 £ 3.2,82.9 £ 3.6,90.2 + 3.9,97.7 + 4.1 and 104.2 +

4.4 cm, respectively.

The HAZ from 12 - 60 mo is shown in Figure 2. Mean HAZ declined from 12 - 36 mo while it
increased from 36 - 60 mo showing that children were growing at a slower rate compared to the
WHO growth standard until 36 mo with slight catch up growth afterwards. Males had

significantly lower HAZ from 12 - 24 mo (P<0.05) but not between 36 and 60 mo.

Standardized FFM accretion rate and linear growth during childhood

Atly

In (Table 3, model 1- 3), FFM accretion from 0- 6 mo of life was positively associated with
length at 1 y. As expected the effect estimate of standardized FFM accretion on length at 1 y
was reduced substantially if length accretion rate from 0 - 6 mo was included as a covariate, but
without losing its significance. In the fully adjusted model (Table 3, model 3), each increase by 1
SD in FFM accretion rate resulted in an increase in length at 1 y by 0.64 cm (p=0.64; 95% CI:

0.19, 1.09; P=0.005).

Longitudinally over the period from1 -5y
Standardized FFM accretion rate during the first 6 mo of life was positively associated with
linear growth from 1 - 5y in all models (Table 3). In the fully adjusted model (Table 3, model 3),

for each increase by 1 SD in FFM accretion rate from O - 6 mo linear growth from 1 -5y
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increased by 0.63 cm (B=0.63; 95% CI: 0.19, 1.07; P=0.005). Furthermore, FFM accretion rate
from 0 - 6 mo was positively associated with linear growth from 4 - 5 y in all models (=0.20;
95% CI: 0.03, 0.37; P=0.019). However, FFM accretion was not associated with linear growth
from1-15,15-2,2-3, and 3 -4y inany model. FFM accretion from 0 - 6 mo showed the
strongest association with linear growth at 1 y and the accumulated change in association from 1

- 5y seems to be mainly stimulated by the 1 y association (Table 3).

Standardized FM accretion rate and linear growth during childhood

Atly

FM accretion during the first 4 mo of life was positively associated with length at 1 y in model 1.
However, the association disappeared when adjusting for length accretion rate from 0 - 4 mo,

child and parental characteristics in subsequent models (Table 4, model 2 and 3).

Longitudinally over the period from1 -5y

Standardized FM accretion rate from 0- 4 mo of life was positively associated with linear growth
from 1 - 5y in model 3 only. In the fully adjusted model (Table 4, model 3), for each increase by
1 SD in FM accretion rate from 0 - 4 mo linear growth from 1 - 5y increased by 0.45 cm
(B=0.45; 95% CI: 0.02, 0.88; P=0.038). However, FM accretion was not associated with linear

growth in any of the periods 1-1.5,1.5-2,2-3,3-4and4-5y.

Stratified analysis

There was sex difference between FM and FFM accretion rates and linear growth from 1 -5y

(Supplemental Table 3 and 4). For females, FFM accretion was positively associated with
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length at 1 y in all models (Supplemental Table 3 model 1-3). For males, there were also

significant associations except in the fully adjusted model (Supplemental Table 4, model 3).

The association between FFM accretion from 0 - 6 mo on linear growth during the period from 1
- 5y was significant for males ($=0.92; 95% CI: 0.31, 1.53; P=0.003), whereas no association
was seen between FFM accretion and linear growth from 1 - 5 y for females (f=0.32; 95% CI. -

0.28, 0.92; P=0.29).

FM accretion from 0 - 4 mo was only associated with length at 1 y in model 1 for males ($=0.72;
95% CI: 0.19, 1.24; P=0.007); while for females no association was found. Moreover, both for
males and females no association was found between FM accretion and linear growth from 1 - 5

y (Supplemental Table 5 and 6).

Other correlates

FFM at birth and early infancy length accretion rates were consistently and positively associated
with linear growth from 1 - 5 y. Children from uneducated mother and 2" born had lower linear
growth from 1 - 5 y. Children from mothers with higher BMI at 3 mo postpartum had faster
linear growth from 1 - 5 y. However, FM at birth, sex of the child, family wealth index, breast
feeding at 3 mo, maternal age and paternal schooling were not associated with linear growth

from 1 - 5 y (data not shown).

Discussion

The present study examined the association of FM and FFM accretion during early infancy with
linear growth from 1 - 5y. So far, this relation has received minimal attention in either high-

income or low- and middle- income countries.
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In this study, we found that FFM accretion from 0 - 6 mo was consistently and positively
associated with length at 1 y and linear growth from 1 - 5 y. Early infancy FFM accretion had the
strongest impact on length at 1 y. The effect of the FFM accretion rate on accumulated linear
growth decreased slightly for the models with fewer covariates. Postnatal FFM tissue accretion
might be related to protein intake of the infants and might mediate the effect of infancy
nutritional intake on linear growth. In this regard Butte et al (31) suggested that FFM accretion
during infancy is lower in exclusively breastfed infants when compared with formula fed (solid
food, beverage and formula milk) infants. Correspondingly, Brunner et al showed that FFM at 4
mo was lower in children who were fed high concentrations of human milk leptin (32). However,
nearly one third of the children included in this study were exclusively breastfed (neither water

nor food added) at 3 mo.

Recent papers investigated the relationship between infant feeding practices with length. Fields
et al (33) showed an inverse association between human breast milk leptin (satiety hormone) at 1
mo and infant length. Another study showed that infants who were breastfed for >1 y were
shorter compared to formula fed infants at 1 y (31). The observed association between feeding
pattern and linear growth in childhood might be mediated by the postnatal FFM accretion. This
could be due to the effect of breast milk hormones and maternal BC during lactation (34) which

could alter the infant FFM accretion and thereby affect linear growth in childhood.

FFM consists of proteins, minerals (both osseous and non-osseous) and water in the two
compartment model and has been linked to a number of health outcomes in later life. In this
study, we have shown that FFM accretion in infancy was positively associated with linear

growth from 1 - 5 y. However, the importance of FFM in relation to bone mass in young adults
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has been explored previously. In relation to this, Young et al (35) found that FFM assessed
during early adolescence (post menorrheal) was positively associated with change in bone mass
among female adolescents aged 8 - 26 y in Australia. Similarly, a longitudinal study by Bakker et
al (36) in Amsterdam showed that FFM measured during young adulthood was positively
associated with lumbar bone in young adults aged 27 - 36 y. The findings imply that FFM might

operate as a proxy indicator for skeletal muscle mass in later life.

FM accretion from 0 - 4 mo showed a positive association with linear growth from 1 - 5 y after
controlling for potential covariates in the fully adjusted model. The effect of FM accretion on
linear growth was not particularly strong at 1 y, but instead the estimate appears to increase over
the period from 1 - 5y. A study conducted by Dewey et al (37) showed that infant weight-for-
length was positively associated with linear growth in the first year of life across different
populations in both breastfed and formula fed infants. The authors conclude that linear growth is
partly regulated by body mass or fatness in infancy. However, weight-for-length is not a precise
and an accurate measurement of body fatness during infancy (17). In the present study we used
FM accretion from birth to 4 mo of age, as FM increased little from 4 - 6 mo or showed
negligible change over the specified period (12). Although the association with FFM accretion
from 0 - 6 mo was stronger than FM accretion from 0 - 4 mo with linear growth from 1 - 5y, this
study is breaking new ground in suggesting that postnatal FM tissue accretion may contribute
energy to fund subsequent linear growth in childhood period. An earlier review by Norgan (38)
suggested body fat as an important component serving as energy store during undernutrition or
starvation. Another study by Savastano et al (39) showed that subcutaneous body fat helps as
insulation to the body. Postnatal FM gain could be stimulated by breast milk adiponectin and n-3

long chain polyunsaturated fatty acid, as supported by other studies (32,40). This FM gain could
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mediate the association of breast milk fatty acid and adiponectins levels with linear growth.
However, in a high-income population, disproportionate FM gain during infant ‘catch-up
growth’ has been linked with risk factors for chronic diseases such as type 2 diabetic and

cardiovascular disease later in life (41).

Postnatal FM and FFM accretion had different patterns with linear growth from 1 - 5y. For FFM
accretion, the point estimate decreased until 2 - 3 y and then increased again afterwards with
significant difference between 4 and 5 y (P=0.019). On the contrary, for FM the point estimate
increased up to 2 y then decreased between 2 and 4 y, and then increased again from 4 - 5 y.
These different patterns between FM and FFM might be related to the pattern of growth of

children and needs further investigation.

In this study, FFM at birth had positive association with linear growth from 1 - 5 y. We have
previously reported from the same cohort that FFM at birth was positively associated with height
at 2 y (19). The association of linear growth in early childhood with FFM but not with FM at
birth could be due to tissue accretion patterns observed in intrauterine life. FFM accretion takes
place throughout pregnancy, but FM accretion mainly occur in late pregnancy (42). This study
shows that both prenatal and postnatal FFM tissue accretion rates during infancy are independent

predictors of linear growth from1-5y.

FM at birth was not associated with linear growth from 1 - 5 y of age. This finding is in line with
our earlier finding where FM at birth showed no association with height at 2 y of age (19).
Though FM at birth is an energy source for neonate growth, we did not find any association. The
lack of association with FM at birth could be due to fetal FM accretion occurring mainly in the

third trimester of pregnancy (42). In addition, FM at birth was very small with little or no
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changes over the duration thus the data were all clustered together resulting in lower ability to

detect association.

Our study was consistent with previous research in identifying other covariates as predictors of
linear growth in early childhood. Children who had higher length gain during infancy (43) and
who had mother with higher BMI 3 mo postpartum (13,28,29,44) had faster linear growth from 1
- 5y, whereas children who were >2" born (30) and from uneducated mothers (45) had lower
linear growth from1-5y.

Strengths and Limitations

This study is the first of its kind to examine the longitudinal association of BC accretion patterns
in infancy with linear growth during childhood. We used ADP to repeatedly measure BC during
early infancy which is known to be an accurate and precise BC measurement in infancy (7), and
measured linear growth from 1 - 5 y. We calculated BC accretion rates by predicting BC using
all data points except those having only birth measurement. This approach is helpful to obtain
precise BC accretion rates for all children who had at least 2 measurements from the 6
measurement times and thereby increases the power in the prediction model. Furthermore, we

used mixed effects models to account for random effects.

The observed association between FM and FFM accretion with linear growth could be
confounded by other potential confounders not accounted for. First, as the study enrolled
mothers immediately after delivery, we could not assess the pre-pregnancy and pregnancy
related data such as anthropometry, maternal dietary intake during early gestation and pregnancy
weight gain which could affect the birth BC. Secondly, confounding by morbidity and

complementary feeding during infancy were not considered which could have potential effect on
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postnatal BC. In principle, loss to follow-up could also have affected our findings. However,
dropouts were most likely unrelated to having been in the study (observations were missing at
random) as we found no significant differences between children who had BC measurements and
those who did not. Therefore, the use of linear mixed models ensured unbiased estimates of the
effects of the exposures. Further, we carried out available-case analyses using linear mixed
models such that all measurements recorded between 1 - 5 y of age were utilized despite the fact
that there was some variation in the number of measurements from time point to time point. The
main reasons for this variation were due to participants moved away during the follow-up period,
changed or lost their telephone address, and not willing to come for examination. These reasons
are not likely to cause systematic bias and we therefore assume that missing data were missing at
random, implying that trends over time remained unchanged also for time points where data
were missing, i.e., we could predict trends based on the observed data only. Length/height
measurement errors could also affect the finding however, two measurements of length/height
were taken to minimize the error and mean values were used in the analysis. Thus, the finding

should be interpreted with caution by considering the aforementioned limitation of the study.
Conclusion

Both FM and FFM accretion in infancy were positively associated with linear growth from 1 - 5
y. This indicates that both postnatal fat and fat-free tissues are concurrently involved in
influencing linear growth during childhood. In addition, FFM at birth had the strongest positive
association with linear growth from 1 - 5 y of age, whereas FM did not show any such
association. This finding highlights the importance of promoting and advising healthy maternal

and infant dietary intake and nutrition during the prenatal and postnatal period.
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Future studies should include pre-pregnancy and pregnancy related data, infancy and childhood
dietary intake and morbidity. Possible mechanisms underlying the association between prenatal
and postnatal BC accretion rates with childhood linear growth should be studied. In addition,
further long-term follow-up of this and other cohorts study is needed to assess the role of FM and

FFM accretion during early infancy on childhood BC and cardio-metabolic risk.
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TABLE 1 Birth, parental and dyad characteristics at 3 mo postpartum in the iABC cohort (n =

454)"2
n
Birth characteristics®
Weight, kg 3.1+04 453
Length, cm 492+19 453
Fat-free mass, kg 2.8%0.3 452
Fat mass, kg 0.2x0.2 452
Male sex 229 (50.4) 454
Birth order 447
1 233 (52.1)
2" 108 (24.2)
>3 106 (23.7)
Parental characteristics at birth®
Maternal age at delivery, y 24.2 + 4.6 446
Maternal education 452
None 29 (6.4)
Primary 277 (61.3)
>Secondary 146 (32.3)
Paternal education 440
None 11 (2.5)
Primary 261 (59.3)
>Secondary 163 (38.2)
Dyad characteristics 3 mo postpartum?
Breast feeding status at 3 mo of age 390
Exclusive 122 (31.3)
Predominant 163 (41.8)
Partial (breast milk and food) 96 (24.6)
Not breastfed 9 (2.3)
Maternal BMI 3 mo postpartum, kg/m? 22.2+ 3.4 383

! The numbers are mean + SD or number (%).

2 BMI; body mass index, iABC; infant anthropometry and body composition cohort.
¥ Data were obtained within 48 hours after delivery.

* Data were obtained at 3 mo ( 7 d).



TABLE 2 Description of FFM, FM and length accretion rates by sex, birth order, parental education and household wealth index*

30

Variables n FFMO -6 (g/mo)* p n  FMO-4(g/mo)’ p n LengthO -6 (cm/mo)* p
Sex? <0.001 0.67 <0.001
Male 171 449 + 61 213 388 + 117 203 29+0.3
Female 178 409 + 49 211 383 + 106 201 27+0.2
Birth order® 0.009 0.053 0.07
1% 176 437 + 59 209 398 + 111 205 29+0.3
2" 89 414 + 59 112 382 + 119 104 28+0.3
3" 84 426 + 56 103 366 + 102 95 29+0.3
Maternal education® 0.001 0.67 0.06
No education 27 389 + 56 30 373+ 111 30 27+0.2
Primary 216 429 + 59 265 385+ 111 245 28+0.3
>Secondary 106 438 + 56 129 392 + 113 129 29+0.3
Paternal education® 0.010 0.39 0.043
No education 9 397 + 65 11 385+ 126 10 2.8+0.3
Primary 204 423 + 58 250 380 + 107 235 28+0.3
>Secondary 136 439 + 58 163 395 + 117 159 29+0.3
Wealth index quintile® 0.46 0.85 0.86
1% (lowest) 78 421 + 63 86 385 + 105 88 28+0.3
2" 79 423 + 66 96 375+ 105 89 28+0.3
3" 79 432 + 52 107 388 + 124 96 28+0.3
4" 64 430 + 56 72 388 + 115 74 29+0.3
5™ (highest) 43 439 + 52 54 395 + 111 50 29+0.3

LFEM:; fat-free mass, FM; fat mass.

2 Two-sample t-test.
¥ One-way ANOVA.

*The numbers are mean + SD.
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TABLE 3 Standardized FFM accretion rate from 0 - 6 mo as a correlate of linear growth from 1 - 5y in the iABC cohort (n = 354)*

(Height, cm)?

Model 13 Model 2* Model 3°

FFM accretion rate from 0 - 6 mo (SD)

atly 1.16 (0.75,1.56) 0.76 (0.31,1.21) 0.64 (0.19,1.09)"

1-15y 0.25 (-0.16,0.65) 0.24 (-0.17,0.64) 0.28 (-0.12,0.67)

15-2y 0.16 (-0.18,0.50) 0.17 (-0.17,0.52) 0.14 (-0.20,0.48)

2-3y -0.08 (-0.42,0.26) -0.06 (-0.40,0.27) -0.09 (-0.42,0.24)

3-4y 0.07 (-0.16,0.29) 0.07 (-0.16,0.29) 0.10 (-0.12,0.31)

4-5y 0.20 (0.05,0.36) 0.20 (0.05,0.35) " 0.20 (0.03,0.37)"
Accumulated change in association (SD)

1-5y 0.60 (0.18,1.03) " 0.61 (0.19,1.03)" 0.63(0.19,1.07)"
FFM at birth, kg 2.36 (1.25,3.47) 2.31 (1.17,3.44) 2.21(1.09,3.33)

! BMI; body mass index, FFM; fat-free mass, iABC; infant anthropometry and body composition cohort, SD; standard deviation.

? Data are shown as regression coefficients (B) and 95% confidence intervals obtained from linear mixed effect model. "P <0.05, “P <0.01, P
<0.001.

¥ Model 1: Interaction between time of follow-up and FFM accretion rate from 0 - 6 mo adjusted for FFM at birth.

* Model 2: Model 1 plus sex, standardized length accretion rate from 0 - 6 mo, birth order and breast feeding at 3 mo.

® Model 3: Model 2 plus maternal age at delivery, parental wealth index and schooling at delivery, and maternal BMI 3 mo postpartum.



32

TABLE 4 Standardized FM accretion rate from 0 - 4 mo as a correlate of linear growth from 1 - 5y in the iABC cohort (n = 354)*

(Height, cm)?

Model 13

Model 2*

Model 3°

FM accretion rate from 0 - 4 mo (SD)
atly
1-15y
15-2y
2-3y
3-4y
4-5y
Accumulated change in association (SD)
1-5y
FM at birth, kg

*

0.54 (0.15,0.94)"
0.13 (-0.27,0.53)
0.23 (-0.08,0.55)
-0.08 (-0.38,0.22)
-0.05 (-0.28,0.18)
0.12 (-0.06,0.30)

0.36 (-0.04,0.77)
1.37 (-1.43,4.17)

0.05 (-0.35,0.46)
0.12 (-0.27,0.52)
0.24 (-0.08,0.55)
-0.06 (-0.36,0.24)
-0.06 (-0.29,0.17)
0.12 (-0.06,0.30)

0.36 (-0.05,0.76)
1.42 (-1.15,3.98)

0.10 (-0.34,0.53)
0.13 (-0.27,0.53)
0.23 (-0.08,0.54)
0.003 (-0.30,0.31)
-0.04 (-0.28,0.21)
0.12 (-0.09,0.33)

0.45 (0.02,0.88)"
0.30 (-2.17,2.76)

IBMI; body mass index, FM; fat mass, iABC; infant anthropometry and body composition cohort, SD; standard deviation.

? Data are shown as regression coefficients (B) and 95% confidence intervals obtained from linear mixed effect model. P <0.05, “P <0.01, ~ P

<0.001.

¥ Model 1: Interaction between time of follow-up and FM accretion rate from 0 - 4 mo adjusted for FM at birth.

* Model 2: Model 1 plus sex, standardized length accretion rate from 0 - 4 mo, birth order and breast feeding at 3 mo.

> Model 3: Model 2 plus maternal age at delivery, parental wealth index and schooling at delivery, and maternal BMI 3 mo postpartum.
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FIGURE 1 Flow diagram showing selection of children for the present study.
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FIGURE 2 Comparing height-for-age z-score from 12 - 60 mo by sex among children included
in the current study. Values are mean and 95% CI, n = 454. P value shows significant difference

between male and female in height-for-age z-score, * P <0.05.



