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ABSTRACT

Background: Indian babies are hypothesized to be born thin but fat. This has not been confirmed with precise
measurements at birth. If it is true, it could track into later life and confer risk of noncommunicable diseases (NCDs).
Objectives: Primarily, to accurately measure percentage of body fat (%BF) and body cell mass (BCM) in Indian babies
with normal birth weight, compare them across different gestational ages and sex, and test the hypothesis of the thin
but fat phenotype in Indian babies. Secondarily, to examine the relation between body weight and body fat in Indian
babies.

Methods: Term newborns (n = 156) weighing >2500 g, from middle socioeconomic status mothers were recruited in
Bengaluru, India, and their anthropometry, %BF (air displacement plethysmography), and BCM (whole-body potassium
counter) were measured. Maternal demography and anthropometry were recorded. The mean %BF and its dispersion
were compared with earlier studies. The relation between newborn %BF and body weight was explored by regression
analysis.

Results: Mean birth weight was 3.0 & 0.3 kg, with mean %BF 9.8 4 3.5%, which was comparable to pooled estimates
of %BF from published studies (9.8%; 95% Cl: 9.7 10.0; P > 0.05). Appropriate-for-gestational age (AGA) babies had
higher %BF (1.8%) compared to small-for-gestational age (SGA) babies (P < 0.01). Mean %BCM of all babies at birth
was 35.4 + 10.5%; AGA babies had higher %BCM compared to SGA babies (7.0%, P < 0.05). Girls in comparison to
boys had significantly higher %BF and lower %BCM. Body weight was positively associated with %BF.

Conclusion: Indian babies with normal birth weight did not demonstrate the thin but fat phenotype. Body weight and
fat had positive correlation, such that SGA babies did not show a preservation of their %BF These findings will have
relevance in planning optimal interventions during early childhood to prevent NCDs risk in adult life. J Nutr2020;150:826—
832.

Keywords: Indian newborns, thin fat phenotype, air displacement plethysmography, percentage of body fat, body

cell mass

Introduction

South Asian children have been observed to have more fat
for a given BMI when compared to Caucasians (1, 2). This
relative fatness has been extended to fetal growth as well, based
on a report that Indian babies appeared to have preserved
subscapular skinfold thickness at birth in comparison with UK
babies, even though they had lower birth weights (3). It has
been proposed that the accretion of body fat (BF) is preserved
relative to the faltering of fetal growth in an adverse uterine
environment (or as a result of intergenerational effects) (4-6),
resulting in the proposed phenotype of a thin but fat Indian

or South Asian newborn. The fetal programming hypothesis
suggests that environmental conditions during fetal and early
infancy affect long-term health and capacity through permanent
effects on growth, structure, and metabolism. The structural and
physiological changes that occur in response to impaired fetal
growth may reduce growth and lower birth weight, with the
programmed fetus being at risk of developing chronic diseases
in adult life (5, 7). It should, however, be noted that early
life programming can occur even in the absence of changes
in the birth weight (8). Early life adiposity can track into
later life and could relate to adult risk for noncommunicable
diseases (NCDs) (7). The measurement of body composition
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in newborns is therefore particularly relevant in India, a low-
to middle-income country where there has been an explosive
growth of the prevalence of adult NCDs (9-11), and where
urgent population-level health measures need to be taken.

Although human babies are born with more fat (primarily
subcutaneous) than other mammals with precocial newborns
(12), their body water content is about 80%, with more
extracellular water than intracellular water; approximately
45% and 35% of the body weight, respectively (13). This
relatively higher water content in the newborn, does not leave
much space in the body for the other (dry) components,
of fat-free mass (FFM) and fat mass (FM), to increase.
The thin but fat hypothesis of Indian babies was primarily
based on measurements of the subscapular skinfold thickness
of newborns; this finding, however, was subsequently not
replicated in India (14, 15). An earlier study using whole-
body magnetic resonance imaging, found no difference in the
whole-body adipose tissue between Indian and white European
babies (measured in the second week of life), but reported
that the Indian neonates had significantly higher superficial
subcutaneous, deep subcutaneous, and visceral adipose tissue
(16). Similarly, later measurements of the BF by deuterium
dilution, of Indian neonates about 12 d after birth found a
fat content of 11.3%, which was similar to other neonate
populations (17). These suggest that the generalization of the
thin but fat phenotype in Indian babies at birth is questionable,
and accurate methods of body composition in newborns,
measured as soon as possible after birth are needed, because
rapid changes occur in body composition, particularly during
the first week of life (18).

Body fat in newborns can be accurately measured using an
infant air displacement plethysmograph, which measures body
volume, from which body density and the proportion of BF can
be calculated (18). The infant air displacement plethysmograph
(PEA POD) has also been shown to be relatively robust to small
changes in the hydration of FFM (19). The important metabolic
component of the FFEM, the body cell mass (BCM), can be
measured from the whole-body potassium content (20) and is,
importantly, independent of changes in the extracellular water.
Differential responses to maternal diet in the fetus, dependent
on sex, have been recently reported (21), and thus exploring the
impact of sexual dimorphism on body composition of newborns
would be an interesting facet. The primary objective of the study
was to accurately measure the BF and BCM of Indian newborns,
within 3-5 d of birth, to compare them across the different levels
of gestational age and sex and to test the hypothesis of the thin
but fat phenotype in normal birth weight Indian babies. The
secondary objective was to examine the relation between body
weight and BF in these newborns to evaluate the putative preser-
vation of BF deposition in the face of lower intrauterine growth.
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Methods

Full-term (>37 weeks of gestation) newborns weighing >2500 g
delivered between September 2017 and January 2019 at St. John’s
Medical College Hospital, Bengaluru, a tertiary care hospital in a
cosmopolitan city catering to patients of all strata, from all over the
country, were screened for their eligibility. All the women delivering
in the obstetric ward were approached for the study and the infants
were recruited based on the inclusion/exclusion criteria and parental
consent. All infants weighing >2500 g, from singleton pregnancies
of healthy mothers were recruited. The modified Kuppuswamy scale,
which captured details on occupation, education, and income of the
family (22), was used to categorize socioeconomic status; the women
of the present study belonged to the middle socioeconomic stratum.
A purposive sampling design was used at birth, to include healthy
neonates, whereas neonates with congenital abnormalities or other
birth defects were excluded. A total of 156 newborns were enrolled,
after obtaining informed written parental consent. Details of subject
screening and enrolment are provided in Supplemental Figure 1. The
study was approved by the Institutional Ethical Review Board of St.
John’s Medical College Hospital. In 64.7% of the newborns, body
composition measurements were made within 0-72 h of birth. Maternal
demography, anthropometry, obstetric history, and education were
recorded. Postpartum maternal height was measured to the nearest
0.1 cm using a portable stadiometer (SECA 213). The pre-pregnant or
first trimester weight of the mothers was taken from hospital records
where available. The third trimester weight, which was measured at the
end of the third trimester when the mother was admitted for the delivery
of the baby, was obtained from the hospital records. Gestational weight
gain (kg) was calculated as the difference between the weights at the
third and first trimesters.

Newborn length was measured to the nearest 0.1 cm using an
infantometer (SECA 417). Body weight on the day of measurement
was measured to the nearest 0.01 kg using a baby scale (Salter 914).
Head circumference was measured to the nearest 0.1 cm using a
measuring tape (ADC 396). The measurements were performed by
2 trained nutritionists. To measure the interobserver differences, each
nutritionist performed the anthropometric measurements on 10 babies,
while for intraobserver difference, the nutritionists measured a baby
10 times each. The interobserver and intraobserver differences for
the anthropometric measurements were calculated and observed to
be <0.1%. Body composition of the newborn was measured by air
displacement plethysmograph (PEA POD, Software version 3.5.0, 201,
COSMED USA) with standard procedures (23). The air displacement
plethysmograph was calibrated daily, with a hollow cylinder of known
mass and volume, and had a measurement precision of 0.07%
(Supplemental Methods). Total body density was calculated as the ratio
of weight (kg) and the measured body volume (L) and used to calculate
the proportions of FM and FFM using assumed densities (0.9007 and
1.063 kg/L for FM and FEM, respectively). The FM and FFM were also
expressed as a percentage of body weight (%BF; %FFM).

The total body potassium (TBK) of the newborns was measured
from the naturally occurring radioactive isotope (*°K), using a whole-
body potassium counter (WBKC) with a shadow shield design (20).
The characteristic high-energy y rays (1461 keV) of *°K from the
neonates were measured in a 60-min period, during which the neonates
were swaddled in a blanket and placed in a plastic bassinet directly
underneath the detectors, in the center of the WBKC. A unique feature
of the aperture in the design of the WBKC allowed neonates to be
counted in static geometry, at maximum sensitivity, within direct vision
of a parent or trained operator (20). A Conseil Européen pour la
Recherche Nucléaire ROOT package (24) was used to analyze the
count data of #OK, scaled to the time interval of the measurement.
The *°K counts (counts per second, CPS) relation to the TBK was
also defined to calibrate the WBKC for measurement of small babies.
Anthropomorphic dummies or phantoms with different weights and
known amounts of K were used for the calibration. This included
4 phantoms, weighing 0.95, 2.08, 3.20, and 5.25 kg, with a constant
height of 50 cm and 3 phantoms, weighing 7.91, 9.90, and 12.94 kg,
with a constant height of 80 c¢m, prepared with known quantities
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of potassium chloride (KCl). Combinations of plastic containers of
different sizes were used to simulate the head, arms, trunk, and legs of
the phantoms. The head of the 50 cm phantoms was 0.86 kg in weight
and 13 cm in length, while the head of the 80 cm phantoms was 2.00 kg
in weight and 17 cm in length. The proportions of the limbs and trunk
of the phantoms were adjusted to ensure that the surface area to body
weight ratio corresponded to that of a baby with similar weight and
length, calculated by the Meban formula for body surface area (235, 26).
Deionized water phantoms equivalent to the weight and shape of the
corresponding KCl phantoms were also constructed and scanned under
the WBKC. Detector-specific water phantom CPS were subtracted from
the KCI phantom CPS to get net CPS. Monte Carlo calculations were
then applied to the different phantom geometries to simulate neonates
of different shapes and sizes (27). The precision and mean counting
error of the WBKC were calculated by measuring each phantom 12
times. The mean counting error for the neonates was also calculated.
The accuracy of the WBKC for a very small baby was calculated using
a phantom which was not a part of the calibration series. The test
phantom (1.13 kg weight and 50 ¢cm length) containing 120.36 g K was
measured overnight for 12 h in the same manner as the other phantoms.
Based on the net CPS obtained for the test phantom, K was estimated to
be 122.28 g, which gave an accuracy error of —1.59% and an accuracy
of 98.41%. The mean precision of the instrument was found to be 0.4 %
of TBK and the mean counting error ranged from 0.16% to 0.69% for
the different phantoms. The mean counting error for the 156 neonates
was found to be 10.0 £+ 3.5% (Supplemental Methods). Because the
BCM contains 98 % of TBK under tight homeostatic control, unatfected
by the hydration status of the body, a near constant ratio of TBK to
BCM (108.7 mmol K/kg BCM), invariant across age and sex, was used
to calculate BCM from TBK (28). The BCM was also expressed as a
percentage of body weight (%BCM).

To externally evaluate the measurements made in this study, an
extensive literature review was conducted using the PubMed search
engine to capture global data on body composition estimates of
babies at birth. Search terms arranged along with boolean operators
in the following fashion [[[[[[Body Composition(Text Word)] AND
newborn(Text Word)] OR neonate(Text Word)] OR infant(Text
Word)] NOT preterm(Text Word)] NOT childx(Text Word)] AND
plethysmography(Text Word) resulted in a find of 72 studies after filters
relating to species (humans), age (birth to 1 mo) and date of publication
between January 2013 to December 2018 had been applied. All
72 studies were screened for their eligibility, wherein titles of 16 studies
and abstracts of 9 studies did not yield any information relevant to the
topic of interest. The remainder articles were subjected to a thorough
analysis to find studies that met the criteria. Of the 47 remaining studies,
7 had measured the body composition estimates at postnatal age >3 d,
while 12 studies did not provide adequate information. In another 12,
multiple studies reported the same body composition estimates from the
same cohorts and thus only the primordial/largest studies among them
were considered. Thus, a total of 16 articles (4, 29-44) from the 72
were included in the final analysis. A prominent study from 2011 (35)
was also included, however, as it had a large sample size and a robust
study design. Thus, 17 studies meeting the criteria of exclusively using
the air displacement plethysmograph technique for body composition
measurements within 5 d of birth were included to create a comparative
analysis for estimates of %BF obtained from the present study.

Data are presented as means & SDs for quantitative parameters such
as anthropometric and body composition estimates, while frequency
and percentage (%) were used for qualitative parameters such as
education and parity. The neonates were classified as small-for-
gestational age (SGA), large-for-gestational age (LGA), and appropriate-
for-gestational age (AGA) using the INTERGROWTH newborn size
standards (45); with SGA, being defined as <10th centile of birth
weight for gestational age, LGA, being defined as >90th centile of
birth weight for gestational age and AGA, being defined as between
the 10th and 90th centiles of birth weight for gestational age (46).
The different measured characteristics of the babies were compared
across the different levels of gestational age (AGA, SGA) and sex by
independent ¢ test. The pooled mean estimate of %BF was obtained
by weighted average of all the mean values of %BF from different
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TABLE 1 Description of maternal characteristics of the

newborns’
Variables Values
Age, y 260 + 45
Gestational age, wk 389 £ 1.0
Pre-pregnant or first trimester weight,” kg 54.7 £ 10.1
Height® cm 1558 £+ 5.7
Pre-pregnancy BMI,* kg/m? 224 + 42
Third trimester weight,® kg 66.9 £+ 109
Gestational weight gain,® kg 120 + 44
Maternal educational status

Attended primary school, % 224

Attended secondary school, % 28.2

Completed Bachelor's degree, % 371.2

Completed Master's degree, % 122
Parity

Primiparous, % 65.2

Multiparous, % 348

"Values are presented as means & SDs or as percentages, n = 156 unless stated
otherwise.

2Pre-pregnant or first trimester weight, obtained from the hospital records, was
measured within <12 wk of gestational age, n = 155.

SPostpartum height, n = 155.

4n=154.

5The third trimester weight, obtained from the hospital records was measured at the
end of the third trimester when the mother was admitted for the delivery of the
baby, n = 145.

6Gestational weight gain was calculated as the difference between third and first
trimester body weights, n = 145.

studies (as mentioned above), with the weight being the sample size
of different studies. The pooled SD was also obtained by the same
method to estimate the 95% CI. The pooled mean estimate of %BF
and its 95% CI were compared with the estimates of the present study
by a forest plot. Significant overlap between 95% CI of the pooled and
study estimates was considered as the criteria for testing the hypothesis.
Further confirmation of this visual impression was performed using
Student’s two-sample test for equal means. The relation between %BF
and body weight of neonates was explored by scatter plot and regression
technique. The data were analyzed by statistical software R version
3.5.3 (47) and P values < 0.05 were considered statistically significant.

Results

The mean age of the participating mothers was 26.0 = 4.5 y and
their mean height was 155.8 £+ 5.7 cm (Table 1). About half the
mothers had graduate or higher education, and none of them
were illiterate. Almost two-thirds of the mothers were primi-
parous. The mean birth weight of the 156 neonates (equal distri-
bution by sex) was 3.0 & 0.3 kg. Of these, 19 (12.2%) neonates
were SGA with a mean birth weight of 2.7 £ 0.1 kg. The mean
age of 156 neonates on the day of measurement was 2.8 + 1.4
d; wherein 20.5% of babies were measured within 24 h of birth,
and the remaining 19.9%, 24.4%, 23.1%, and 12.2% were
measured within 48, 72, 96, or 120 h of birth, respectively.
The mean %BF for the whole group measured by air
displacement plethysmograph was 9.8 + 3.5% (Table 2). The
%BF of the AGA babies was significantly higher (by 1.8%;
P < 0.01) when compared to the SGA babies. The girls had a
significantly higher %BF (by 1.1%; P < 0.05) when compared
to the boys. The mean %BCM of the whole group at birth
was 35.4 + 10.5%. The AGA babies had a significantly higher
%BCM (by 7.0%; P < 0.05) than the SGA babies, and the boys
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TABLE 2 Distribution of body composition and characteristics of term neonates at birth, stratified by gestational age and sex’

Segregation according to gestational age

Segregation according to sex

Variables Whole group (n = 156) AGA (n=134) SGA (n=19) Pvalue Male (n=73) Female (n = 83) Pvalue
Gestational age, d 2720 £ 6.7 2713 £ 65 276.8 £+ 6.2 0.001 27117 £ 6.8 272.3 £ 6.7 0.566
Age’ d 28 £ 14 28 £ 14 30+ 17 0.607 29 £15 27 +£13 0.356
Length, cm 482 + 17 483 £ 17 47.0 + 09 <0.001 487 £ 1.8 478 £15 0.001
Birth weight, kg 30+03 30+03 2.7 £ 01 <0.001 31 +03 30+03 0.092
Body weight,? kg 28 £03 28 £03 25+ 01 <0.001 29 £03 28 +£03 0.044
Delta weight,® kg 020 £+ 0.10* 021 + 0.09* 0.14 +008* 0.008 020 £+ 0.10* 0.20 &+ 0.09* 0.628
Head circumference,® cm 333 £ 1.1 333 £ 1.1 330 £ 08 0.101 338 £1.0 329 £1.0 <0.001
FM, kg 0.3 £ 0.1 0.3 £ 01 02 £+ 01 <0.001 0.268 + 0.111° 0.289 + 0.119° 0.257
FM, % 98 £ 35 99 £+ 35 8.1 £ 24 0.007 92 +32 103 + 37 0.043
FFM, kg 25+02 25+02 23+ 01 <0.001 26 +02 25+ 02 0.002
BCM, kg 1.0 +£ 03 1.0 +£ 03 07 +£03 <0.001 1.1+£03 09 +03 0.018
BCM, % 354 £+ 105 36.2 + 10.2 29.2 + 105 0.012 373 £ 106 338 £ 102 0.036
TBK, g 43 £ 14 44 + 14 31+ 11 <0.001 45 + 14 40 +£ 14 0.018

"Values are presented as means & SDs. AGA, appropriate-for-gestational age, defined as between the 10th and 90th centiles of birth weight for gestational age (45); BCM,
body cell mass; FFM, fat-free mass; FM, fat mass; SGA, small-for-gestational age, defined as <10th centile of birth weight for gestational age (45); TBK, total body potassium.

2Taken on day of measurement.

SDelta weight was calculated for each neonate as the difference between birth weight and weight on the day of the measurement.
“4Values have been presented up to 2 or more decimal places to provide clarity and avoid confusion associated with truncation.

5n = 155 for head circumference measurement under the whole group category.

had an approximately 3.5% significantly higher value than the
girls. These details are summarized in Table 2.

Figure 1 presents the forest plot of estimates of %BF
obtained from different studies through the literature review,
along with the estimates from the present study. The mean %BF
varied from 7.3 4+ 4.6% (34) to 11.4 + 4.1% (39) for the data
obtained from the systematic search. The pooled estimate of
%BF was 9.8 + 0.3% (95% CI: 9.7, 10.0) while the mean
%BF from the present study was 9.8 + 3.5%. The Student’s
t test for equal mean, failed to reject the null hypothesis
(P > 0.05).

The %BF of the neonates was positively associated with
body weight (Figure 2). An increase of 3.5 units with 95% CI:
3.3,3.7; P < 0.05 in %BF was observed for every 1 kg increase
in body weight in boys, while the increase was 3.2 units in %;
95% CI: 3.0, 3.4; P < 0.05 for girls.

Discussion

The present study, the first of its kind in India used an accurate
and validated measurement (air displacement plethysmograph)
of body composition in Indian newborns (19), to show that they
had %BF similar to estimates obtained in other populations.
The mean %BF of the Indian newborns was similar and within
the 95% CI, of the pooled estimate of %BF (9.8%) measured
by air displacement plethysmograph in different populations
(Figure 1), whose mean birth weight was 3.3 4+ 0.1 kg, and
somewhat higher than the present study (3.0 & 0.3 kg).

The thin but fat phenotype described in Indian neonates
was based on comparative anthropometric measurements in
newborns born in Pune, a city in West India and Southampton,
UK (3). Anthropometric measurements are, however, sometimes
limited by their precision and accuracy (15, 18). It is also
important to note that the pregnant women from both Indian
studies differed in time, location, wealth, educational status, and
(perhaps) nutritional status. The women of the Pune study were
poorly educated, rural women, while women from the present
study were educated, 50% had a graduate degree or higher and
none were illiterate. The mothers from the Pune study also had

a lower pre-pregnancy weight (by 13.0 kg), were shorter (by
3.8 cm), and had a lower BMI (by 4.2 kg/m?) when compared
to the women from the present study. Although findings similar
to the Pune cohort were found in another newborn cohort from
the South Indian city of Mysore (1), these findings were not
replicated in newborn studies from other South Indian cities
of Bengaluru (14) and Hyderabad (48). Thus, it is not clear
whether ethnicity, maternal phenotype, or the local environment
may play a significant influence on the newborn FM. The results
of the current study are credible, however, because the method
of body composition used for the neonates was accurate and
precise. The findings were also similar to another study (17),
which used an equally accurate method of deuterium dilution
and found the %BF (11.3%) at age 2 wk, to be comparable
to that of babies of similar age from Western populations.
Thus, comparative analyses of findings from this paper with the
literature findings, does lead to rejection of the hypothesis of the
“thin but fat” phenotype at birth in Indian babies.

In addition, in the present study, there was a significant
positive correlation between body weight and %BF across
the weight range of 2.3-3.6 kg (Figure 2). Similar results
were observed earlier in North Indian newborns with birth
weight ranging from 2 to 4 kg, where %BF, was measured
by deuterium dilution (17). Ethiopian infants measured at
birth using air displacement plethysmography, showed similar
findings, with no relative preservation of fat at the expense of
the FFM; however, this did occur in girls during early postnatal
growth, rather than fetal life (35). The size for gestational age
at birth is another important variable that could affect fetal
body composition, and it might also be hypothesized that the
postulated fat-sparing effect might be more relevant to SGA or
preterm babies. However, term SGA neonates have been shown
to have a lower %BF compared to AGA neonates (49, 50),
and SGA babies from the present study demonstrated a similar
pattern, with both %BF and %BCM being significantly lower in
comparison to the AGA neonates, the latter implying that SGA
infants could have a lower proportion of skeletal muscle mass.
Further, the Intergrowth-21st study also observed that the lower
birth weight of either preterm or SGA babies was associated
with lower FM and FFM in comparison to AGA babies (33).
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Present study-2019 (India): SGA
Present study-2019 (India): AGA —

Present study-2019 (India): All
Gallagher et al (44)-2018 (USA)
Kadakia et al (43)-2017 (USA) —
Josefson et al (42)-2016 (USA) —
Crume et al (41)-2016 (USA) —
Aris et al (40)-2013 (Singapore) —

Pereira-da-Silva et al (39)-2014 (Portugal) —
Breij et al (38)-2015 (Netherland) —
McCarthy et al (37)-2016 (Ireland) —
O'connor et al (36)-2014 (Ireland) —
Andersen et al (35)-2013 (Ethiopia) —
Andersen et al (34)-2011 (Ethiopia) —
Villar et al (33)-2017 (England) —

Castro et al (32)-2017 (Brazil) —
Dissanayake et al (31)-2018 (Australia) —
Mckenzie et al (30)-2017 (Australia) —
Kizirian et al (29)-2016 (Australia) —

Au et al (4)-2013 (Australia) —

~ n=19

~ n=134
~ n=156
- n=191
~ n=105
~ n=156
~ n=1040
- n=262
~ n=100
~ n=194
— n=1243

~ n=23
~ n=348
~ n=350
~ n=928
- n=210
— n=42
— n=147
~ n=96
~ n=599

% Body Fat

FIGURE 1 Comparison of %BF of newborns measured by air displacement plethysmography from the present study with studies having
similar measurements across different populations, over the last 8 y (2011-2018). The %BF of newborns from the present study segregated by
gestational age as SGA, defined as <10th centile of birth weight for gestational age, and AGA, defined as between the 10th and 90th centiles
of birth weight for gestational age (46), has also been presented for comparative analysis. The vertical dotted line with shaded Cl band is the
pooled mean %BF (9.8; 95% ClI: 9.7 10.0) obtained from different published studies. AGA, appropriate-for-gestational age; %BF, percentage of

body fat; SGA, small-for-gestational age.

These findings do not support the previously suggested BF-
conserving hypothesis in smaller babies from West India (3) for
a general phenotype of thin but fat, although the sample size
of the SGA babies in the present study was small. More studies
with a larger sample size on SGA babies are needed to confirm
the findings of the present study.

The present study also provides new data relating to the
newborn FFM (through BCM estimates) at birth. Fetal FFM
has been shown to track into childhood (4 y) in an Ethiopian
cohort of children (51), and positively predicted height (52),
cognitive development at 2 y (53), and linear growth from age
1to 5y (51). The measurement of BCM, the metabolically active
tissue, is accurate because the hydration and extracellular fluid
volume of the FFM is higher and variable in newborns as they
progress through the first days of life. The BCM measurement is
independent of the extracellular fluid, and in the present study
was about 35% of body weight, which was comparable to BCM
estimates made in US neonates, albeit measured 2 wk after birth
(54). It remains to be seen, however, whether the BCM estimates
would be similar in babies born to mothers in poverty, with poor
nutritional status.

Differences in body composition by sex have been observed
in earlier studies (34, 55). In the present study, boys had a
higher %FFM and %BCM, whereas girls had a significantly

830 Kuriyan et al.

higher %BE Data from the Intergrowth-21st study suggests
that boys had higher FFM when compared to girls after
34 weeks of gestation, with lower FM at birth (33). Sex-specific
placental, hormonal, and maternal anthropometric influences,
and many unknown factors could interact in many complex
ways affecting fetal growth and body composition. Fetal
sex-specific association of maternal diet with placental expres-
sion of angiogenic genes has been recently reported (21). Insulin-
like growth factor-1, the main growth-promoting factor during
intrauterine life has been observed to be higher in girls than boys
at birth, along with higher levels of insulin-like growth factor
binding protein-3 (56, 57); however, the biological significance
is unknown. Thus, although there is evidence for the sexual
dimorphism in body composition at birth, more studies are
needed to elucidate causal relations between its hypothesized
determinants and body compositional outcomes at birth, as well
as their consequences on health and disease in later life.

A limitation of the present study was that it was purposively
carried out in newborns, born to healthy middle-class mothers
from South India. There is, however, no evidence to suggest that
babies born elsewhere in India belonging to different regional
ethnicities would be different. In addition, families from all
regions of India reside in Bengaluru. The possible effects of
differences in nutritional status and health on the findings of
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FIGURE 2 Scatter plot showing the linear relation between body
weight and % BF measured by air displacement plethysmography. The
straight line and the shaded portion depict the regression line with
95% confidence band of %BF on body weight. %BF, percentage of
body fat.

the present study are not known and whether these findings
will be similar in babies born to undernourished mothers, or
in low birth weight/preterm newborns needs to be explored. In
conclusion, this study presents data for the first time on the body
composition of Indian neonates using accurate air displacement
plethysmograph and WBKC measurements. The findings of this
study suggest that the thin but fat phenotype does not exist in
Indian babies born to healthy mothers. In addition, babies born
SGA also do not appear to have a preserved, or higher, %BF. The
previously observed findings of putative thin but fat phenotype
thus may not necessarily apply to all Indian newborns.
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