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Abstract Objective To evaluate the effect of prepregnancy body mass index (BMI), energy and
macronutrient intakes during pregnancy, and gestational weight gain (GWG) on the
body composition of full-term appropriate-for-gestational age neonates.

Study Design This is a cross-sectional study of a systematically recruited convenience
sample of mother-infant pairs. Food intake during pregnancy was assessed by food
frequency questionnaire and its nutritional value by the Food Processor Plus (ESHA
Research Inc, Salem, OR). Neonatal body composition was assessed both by anthro-
pometry and air displacement plethysmography. Explanatory models for neonatal body
composition were tested by multiple linear regression analysis.

Results A total of 100 mother-infant pairs were included. Prepregnancy overweight
was positively associated with offspring weight, weight/length, BMI, and fat-free mass in
the whole sample; in males, it was also positively associated with midarm circumfer-

Keywords ence, ponderal index, and fat mass. Higher energy intake from carbohydrate was
= air displacement positively associated with midarm circumference and weight/length in the whole
plethysmography sample. Higher GWG was positively associated with weight, length, and midarm
= anthropometry circumference in females.
= body composition Conclusion Positive adjusted associations were found between both prepregnancy
= maternal nutritional BMI and energy intake from carbohydrate and offspring body size in the whole sample.
status Positive adjusted associations were also found between prepregnancy overweight and
= neonate adiposity in males, and between GWG and body size in females.
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Background

Pregnancy is considered as a three-compartment model
where mother, placenta, and fetus interact to ensure fetal
growth.! Prepregnancy body mass index (BMI) is generally
considered to reflect the maternal nutritional status, closely
related to the total body fat content.? Although overweight
women are much more likely to have gestational diabetes and
glucose intolerance, obesity is independently associated with
increased risk of bearing large-for-gestational age infants.>

The mother’s diet is recognized as one of the major
environmental factors influencing the development and
body composition of the fetus, and the quality of nutrition
seems to be more important than energy intake alone."* The
effect of energy and protein intake during pregnancy on fetal
growth remains controversial because interventional studies
have been unable to confirm many of the associations found
in observational studies.’

Positive deviations from the energy requirement can
result in excessive gestational weight gain (GWG), even in
mothers with normal weight.® This may result in increased
birth weight and body fat of the offspring, an effect that is
enhanced if the mother is obese.’

When assessed in the first postnatal days, the body
composition is a good indicator of the intrauterine nutritional
status.® Most studies assessing the effect of maternal nutri-
tional factors on neonatal body composition have relied on
neonatal anthropometry.”~'> Anthropometry may reason-
ably assess body size (reflected by both body weight and
length) at birth but has many limitations in neonates'*'>; it
may not be accurate enough to assess body composition,
especially adiposity, even by using skinfolds and models
derived from direct measurements.'®

Only a few studies have used more accurate estimates of
neonatal body composition through direct methods, such as
air displacement plethysmography (ADP).”-'7-'8 ADP has been
validated in neonates, and is particularly convenient for being
noninvasive, relatively rapid to perform, and not affected by
movements, thus not requiring sedation or immobilization.'®

This study evaluates the concurrent effect of prepregnancy
BMI, energy and macronutrient intakes during pregnancy,
and GWG on the body composition of healthy full-term
appropriate-for-gestational age (AGA) neonates.

Methods

A cross-sectional study was conducted in the maternity and
the nutrition laboratory of a level Il pediatric hospital. Ethical
committee approval and parental-informed consent were
obtained.

A convenience sample of mother-infant pairs was re-
cruited systematically from April 2010 to June 2011. Two
consecutive neonates scheduled for discharge on the days
available for assessments at the nutrition laboratory were
recruited. Sample size was limited by the restricted academic
schedule of some of the researchers. The following are the
criteria for inclusion: proper medical surveillance, singleton
full-term neonate (> 37 and < 41 weeks of gestation), and
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AGA (birth weight > 3rd and < 97th percentiles for gesta-
tional age and gender)?® neonates considered healthy. Neo-
nates whose mothers had adverse conditions potentially
affecting fetal nutrition and growth, such as type 2 diabetes
mellitus, abnormal oral glucose tolerance test, inborn errors
of metabolism, severe renal and cardiovascular disease, dia-
stolic blood pressure during pregnancy > 90 mm Hg, or any
reported consumption of alcohol, tobacco, or illicit drugs
were excluded.?’

Maternal diet was assessed by a semiquantitative 86-item
food-frequency questionnaire validated for Portuguese preg-
nant women.?? Through this questionnaire, women were
asked once, in the immediate postpartum period, to recall
their usual dietary intake during the whole pregnancy. To
estimate food consumption, the frequency reported for each
food item was multiplied by their predetermined average
portion pattern in grams. Food Processor Plus 6.0 (ESHA
Research Inc, Salem, OR) was used to convert the consump-
tion of food items into nutrients, based on United States
Department of Agriculture food composition data, and was
complemented with nutrient composition from the Portu-
guese Table of Food Composition.”> Total macronutrient
intakes (g/kg/d of prepregnancy body weight), total energy
intake (kcal/d), and the percentage of total energy value
generated from each macronutrient (%¥TEV) were analyzed
and then compared with the dietary reference intakes (DRIs)
from the Food and Nutrition Board, Institute of Medicine.?*

The mother’s prepregnancy BMI (kg/m?) was calculated
based on the recalled body weight closer to the start of
pregnancy and the measured height, using a wall-mounted
stadiometer (Seca 240; Seca Medical Scales and Measuring
Devices, Hamburg, Germany). Mothers were classified as
underweight (BMI < 18.5), normal weight (BMI 18.5-24.9),
overweight (BMI 25-29.9), and obese (BMI > 30).2° For cal-
culation of GWG, baseline weight was considered as either
the weight measured at the first obstetric visit within the first
10 weeks of gestation (preferentially) or recalled body weight
closest to conception.

Neonatal anthropometric measurements were scheduled
to be performed within the first 72 hours after birth. Direct
measurements were taken for weight, length, and midarm
circumference (MAC), using the recommended procedures.'®
Indices derived from weight and length were calculated to
estimate body composition: weight/length index (W/L) as
weight (g)/length (cm), BMI as weight (kg)/squared length
(m), and ponderal index (PI) as weight (g)/cubed length
(cm)."® WHO Anthro (version 3.2.2, 2011; www.who.int/
childgrowth/software/en/) was used for calculation and anal-
yses calculation of age- and sex-specific z-scores of anthro-
pometric data.?’

The body composition of the neonates was measured using
ADP (Pea Pod; Life Measurement Instruments, Concord, CA), a
two-compartment model measuring body mass (kg) with
precision of 0.1 g fat mass (FM) and fat-free mass (FFM). The
percentage of FM (%FM) was calculated from body density
assuming the density of fat to be 0.9007, and age- and gender-
specific densities of FFM were computed based on the data of
Fomon.'® Mass and volume calibrations took the infant’s
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Table 1 Recommended and estimated daily intakes of macronutrient and energy during pregnancy

Recommended daily intakes Estimated daily intakes

Mean (SD) DRIs %
Energy (kcal) 2,200-2,900%* 2,982 (702) < 12
= 37
> 51

%TEV from protein 10-35%° 18.06 (2.58) = 100
%TEV from carbohydrates 45-65%° 49.90 (5.17) < 19
= 81
%TEV from lipids 20-35%° 33.66 (4.03) = 62
> 38

Protein (g/kg) 1.1%° 2.2° (1.1; 4.5)° <or= 100

Abbreviations: %¥TEV, percentage of total energy value; DRIs, dietary reference intakes.

“Median.
bMinimum; maximum.

identification bracelet and the umbilical cord clip into
account.

To minimize intra- and interobserver variations, measure-
ments were undertaken by the same trained observers:
anthropometry (performed by ARS or CC supervised by
LP-S) and ADP (performed by TC or TG supervised by RN).

Data were analyzed using the Statistical Package for the
Social Sciences 19.0 for Windows (SPSS Inc., Chicago, IL).
Results were expressed as mean (standard deviation [SD])
or median (minimum, maximum), as appropriate. Linear
multiple regression analysis was performed including varia-
bles identified by univariate analysis (p < 0.15); explanatory
models for either neonatal anthropometry or ADP measure-
ments were adjusted to prepregnancy BMI, energy and
macronutrient intakes during pregnancy, and GWG. The
explanatory models used prepregnancy BMI either as a
continuous variable or dichotomized as categorical for over-
weight (threshold 25 kg/m?)'” to differentiate between the
influence of the gradual, continuous variation of BMI and the
role of overweight/obesity versus non-overweight on neona-
tal anthropometry or ADP measurements. The level of signif-
icance was a = 0.05.

Results

A total of 106 mothers were invited and 100 mother-infant
pairs were recruited with a mean (SD) gestational age of 39.6
(1.0) weeks. Neonates had birth weight of 3.360 (0.359) kg
and 55 (55%) of them were female. All neonates were assessed
at a median postnatal age of 50 (min. 23; max. 75) hours. No
significant demographic differences were found between
mother-infant pairs who accepted and rejected to participate
(data not shown).

The age of the mothers was 29.7 (6.1) years, and their
median prepregnancy BMI was 21.9 kg/m? (min. 16.6; max.
37.3) with a distribution of 6% underweight, 76% normal
weight, 12% overweight, and 6% obese according to BMI; no
significant differences were found between mothers of male
and female offspring. The median GWG was 13 kg (min. 4;

max. 42); no significant difference was found between moth-
ers of male and female offspring.

The energy and macronutrient intakes during pregnancy
are described and categorized in =Table 1. In 51% of the
mothers, the estimated total energy intake was above the
recommendations.?*?> The body composition of the neo-
nates, evaluated by anthropometry and by ADP, is described
in =Table 2. Male offspring were found to have significantly
greater weight (p = 0.022), length (p < 0.001), and FFM
(p = 0.003) compared with females. A significant positive
correlation was found between anthropometric measure-
ments and ADP measurements (~Table 3). The associations
found by univariate analysis are presented in =Table 4. The
following associations were found through multivariate
analysis:

» Prepregnancy overweight was associated with greater
offspring weight, W/L, BMI, and FFM in the whole sample
(=Table 5). Only in male offspring, prepregnancy over-
weight was also associated with greater MAC, PI, and FM
(~Table 6).

» The %TEV from carbohydrate adjusted to continuous pre-
pregnancy BMI was positively associated with offspring
MAC (B-estimate = 0.045; 95% confidence interval [CI]:
0.010, 0.081; p = 0.012) and W/L (B-estimate = 0.215;
95% CI: 0.003, 0.426; p = 0.047) in the whole sample.

» The GWG was neither associated with neonatal anthropo-
metric measurements nor with ADP measurements in the
whole sample. Only in female offspring, the GWG adjusted
to continuous prepregnancy BMI was positively associated
with weight, length, and MAC (~Table 7).

Discussion

Several factors are known to affect the body composition of
the growing fetus, including prepregnancy BMI, diet during
pregnancy, GWG, transport systems of the placenta, genetic
potential of the fetus, and endocrine status and intermediate
metabolism of the mother, placenta, and fetus.! This cross-
sectional study analyzed the adjusted effect of three major
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Table 2 Neonatal body composition within the first 72 hours after birth, estimated by anthropometry and measured by air
displacement plethysmography

Measurements with Mean (SD) Males Females p
normal distribution Mean (SD) Mean (SD)

Weight (kg) 3.360 (0.359) 3.450 (0.347) 3.286 (0.354) 0.022
W/L (g/cm) 68.35 (5.79) 69.28 (5.89) 67.59 (5.65) 0.147
Pl (g/cm?) 0.028 (0.002) 0.028 (0.002) 0.029 (0.002) 0.121
%FM 11.37 (4.07) 11.11 (3.52) 11.59 (4.49) 0.556
FM (kg) 0.369 (0.156) 0.368 (0.139) 0.370 (0.170) 0.945
FFM (kg) 2.811 (0.250) 2.892 (0.242) 2.744 (0.238) 0.003
Measurements Median (Min; Max) Males Females p
\cll\/iisttlligﬁz-(;l:rmal Median (Min; Max) Median (Min; Max)

Length (cm) 49.25 (45.0; 53.8) 49.80 (45.8; 53.5) 48.70 (45.0; 53.8) < 0.001
MAC (cm) 10.80 (8.7;13.7) 11.00 (8.7;13.7) 10.50 (9.0; 12.5) 0.307
BMI (kg/m?) 13.92 (11.61;16.87) 13.86 (11.99; 16.87) 13.94 (11.61; 15.93) 0.985

Abbreviations: %FM, percentage of fat mass; BMI, body mass index; FFM, fat-free mass; FM, fat mass; MAC, midarm circumference; Pl, ponderal index;
WI/L, weight/length index.

Table 3 Correlation between neonatal anthropometric measurements and air displacement plethysmography measurements

Measurements %FM FM (kg) FFM (kg)
r p r P r p

W (kq) 0.566 0.000? 0.699 0.000? 0.872 0.000?
L (cm) 0.342 0.001° 0.463 0.000? 0.718 0.000°
MAC (cm) 0.483 0.000? 0.600 0.000? 0.678 0.000°
W/L (g/cm) 0.572 0.000° 0.695 0.000? 0.790 0.000?
BMI (kg/m?) 0.496 0.000° 0.579 0.000° 0.549 0.000°
Pl (g/cm?) 0.312 0.002? 0.330 0.0012 0.173 0.085

Abbreviations: %FM, percentage of fat mass; BMI, body mass index; FFM, fat-free mass; FM, fat mass; L, length; MAC, midarm circumference; PI,
ponderal index; W, birth weight; W/L, birth weight/ length index.
p < 0.050.

Table 4 Associations found by univariate analysis between prepregnancy BMI, energy and macronutrient intakes during pregnancy,
and gestational weight gain and body composition of offspring

p Value Weight Length MAC w/L BMI Pl %FM FM FFM

BMI (continuous) 0.007 0.342 0.202 0.003 0.004 0.026 0.168 0.052 0.011
BMI (categorical) 0.017 0.205 0.187 0.015 0.034 0.181 0.940 0.488 0.006
GWG 0.126 0.091 0.145 0.216 0.543 0.825 0.540 0.459 0.175
Energy (kcal) 0.602 0.382 0.488 0.765 0.947 0.648 0.295 0.423 0.807
Protein (g) 0.481 0.392 0.619 0.569 0.793 0.887 0.727 0.968 0.338
Carbohydrates (g) 0.248 0.126 0.198 0.400 0.800 0.651 0.168 0.227 0.404
Lipids (g) 0.947 0.684 0.918 0.806 0.640 0.536 0.604 0.808 0.861
%TEV from protein 0.038 0.004 0.021 0.143 0.731 0.331 0.130 0.115 0.068
%TEV from carbohydrates 0.028 0.029 0.012 0.058 0.247 0.917 0.072 0.059 0.087
%TEV from lipids 0.174 0.422 0.114 0.169 0.234 0.459 0.215 0.179 0.371

Abbreviations: %FM, percentage of fat mass; ¥TEV, percentage of total energy value; BMI, body mass index; FFM, fat-free mass; FM, fat mass; GWG,
gestational weight gain; MAC, midarm circumference; Pl, ponderal index; W/L, weight/length index.
Note: Associations with p < 0.15 (bold) were considered for linear multiple regression analysis.
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Table 5 Adjusted associations between neonatal measurements
and prepregnancy overweight (BMI > 25 kg/m?) in the whole
sample

Neonatal measurements | Prepregnancy BMI p Value
B-Estimate (95% Cl)

Weight® 0.233 (0.056, 0.410) | < 0.05

wiLP 3.646 (0.728, 6.563) | < 0.05

BMI€ 0.565 (0.043, 1.088) | < 0.05

FFMP 0.182 (0.059, 0.305) | < 0.01

Abbreviations: %TEV, percentage of total energy value; BMI, body mass
index; FFM, fat-free mass; W/L, weight/length index.

Notes: Variables considered for the multivariable model: a—prepreg-
nancy BMI, gestational weight gain, ¥TEV from protein, and %TEV from
carbohydrate; b—prepregnancy BMI, %TEV from protein, and %TEV from
carbohydrate; c—prepregnancy BMI.

Table 6 Adjusted associations of neonatal measurements with
prepregnancy overweight (BMI > 25 kg/m?) in males

Neonatal Prepregnancy BMI p Value
RGNS B-Estimate (95% Cl)

Weight? 0.403 (0.191, 0.615) < 0.0

Length? -

MAC? 0.765 (0.111, 1.419) < 0.05

w/LP 6.943 (3.362, 10.524) < 0.0

BMI® 1.162 (0.490, 1.834) < 0.01

pIP 0.002 (0.000, 0.003) < 0.05

FM© 0.120 (0.029, 0.212) <0.05

FFmd 0.266 (0.116, 0.416) < 0.0

Abbreviations: %TEV, percentage of total energy value; BMI, body mass
index; FFM, fat-free mass; FM, fat mass; MAC, midarm circumference; PI,
ponderal index; W/L, weight/length index.

Notes: Variables considered for the multivariable model: a—prepreg-
nancy BMI, %TEV from protein, and %TEV from carbohydrate; b—
prepregnancy BMI; c—prepregnancy BMl and %TEV from carbohydrate; d
—prepregnancy BMI and %TEV from protein.

Table 7 Associations of neonatal measurements in females
with gestational weight gain adjusted to continuous
prepregnancy BMI

Neonatal Gestational weight gain p Value
measurements B-Estimate (95% Cl)

Weight® 0.014 (0.000, 0.028) < 0.05
Length® 0.087 (0.016, 0.157) < 0.05
MAC® 0.037 (0.001, 0.073) < 0.05

Abbreviation: MAC, midarm circumference.

Notes: Variables considered for the multivariable model: a—gestational
weight gain and %TEV from carbohydrate; b—gestational weight gain,
%TEV from carbohydrate, and %TEV from protein.

Pereira-da-Silva et al.

maternal nutrition factors (prepregnancy BMI, energy and
macronutrient intakes during the pregnancy, and GWG) on
the body composition of neonates born to mothers without
other apparent factors affecting the intrauterine growth. To
the best of our knowledge, the adjusted effect of these three
maternal nutrition factors on the body composition of healthy
full-term infants assessed by an accurate direct method (ADP)
has not yet been published.

The use of the ADP, a reliable and validated method for
measuring the body composition of the neonates, is a
strength of this study.w'28 Neonatal body composition was
assessed within the first 72 hours after birth. This schedule
allows the best feasible estimate of the intrauterine nutri-
tional status® while minimizing the effect of postnatal factors,
including the feeding regimen. Nevertheless, due to safety
concerns, it was not feasible to perform the assessments in
the first hours after birth; thus, the physiological water loss
occurring in the first days after birth is an uncontrollable bias.

Other limitations have to be acknowledged. A systemati-
cally recruited convenience sample was studied. Despite its
convenience size, the associations obtained in this sample are
strong, as evidenced by high statistical significance and
narrow ClIs. The food frequency questionnaire has been
validated in pregnancy, is considered suitable for ranking
individuals based on dietary intake, and is feasible for sur-
veying large samples.'® On the other hand, it may have
limited accuracy in quantifying energy intake and absolute
intakes of macronutrients.?’ Prepregnancy BMI may have
been biased by inaccurate self-reported body weight; how-
ever, reasonable agreements have been described between
self-reported weight and either the weight recorded in
medical files or the weight measured at the first prenatal
visit.3% Some of the factors affecting the nutritional status of
the fetus, such as placenta characteristics, were not feasible to
obtain. To control the potential impact of placental pathology
on outcome measurements, neonates born to mothers with
adverse conditions known to affect fetal nutrition and growth
were excluded. Moreover, only assumed healthy full-term
AGA neonates were included.

Effect of Prepregnancy BMI on Offspring Body
Composition

The present study showed that prepregnancy overweight
(BMI > 25 kg/m?) was associated with greater offspring
weight, W/L, and FFM. Prepregnancy weight has been re-
ported to have the strongest correlation with birth weight,*
and evidence indicates that prepregnancy overweight and
obesity are positively associated with increased offspring
body size at birth.>*%1%13 While the positive association
between prepregnancy BMI and offspring body size is con-
sensual, the variation of neonatal body composition, that is,
proportions of FM and FFM, responsible for the increase in
weight remains controversial. Eriksson et al*' found no
correlation between prepregnancy BMI and neonatal %FM
measured by ADP. Forsum et al” interpreted the correlation
between birth weight and prepregnancy total body fat as a
consequence of general augmentation of fetal growth rather
than a specific stimulation of adipose tissue growth. On the
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other hand, greater FM and/or greater %FM measured by ADP
have been reported in infants born to overweight/obese
mothers.'”'® In this study, associations between prepreg-
nancy overweight and greater adiposity parameters (PI and
FM) were found only in males. This association is especially
relevant because it has been reported that males have signifi-
cantly less FM and %FM at birth than females.?®3! Gender
dimorphism response to maternal nutrition status was found
inrats after intrauterine exposure to a high-saturated-fat diet,
which resulted in compromise of B-cell development and
function and programming of male offspring to be heavier,
hyperleptinemic, and hyperinsulinemic.32

Effect of Energy and Macronutrient Intakes during
Pregnancy on Offspring Body Composition

We hypothesized that energy and macronutrient intakes
during pregnancy might have a measurable effect on the
body composition of offspring. No association was found
between absolute maternal intakes of energy and macro-
nutrients and body composition of the neonates. Only a
positive association between the percentage of energy
from carbohydrate and neonatal adiposity, estimated by
MAC and W/L, was found, in accordance with published
data.’ No consistent data have been reported regarding the
effect of diet during pregnancy on offspring body composi-
tion. Among well-nourished women, 7.2 to 12.7% of the
variability in offspring birth weight may be explained by
macronutrient intake (especially protein) adjusted for ener-
gy intake, prepregnancy BMI, and offspring gender.'> Mater-
nal weight gain has been found to be significantly associated
with both total energy intake and energy intake from protein,
lipid of animal origin, and carbohydrate during the second
trimester of pregnancy.’ However, these referred associa-
tions were not reflected in the birth-size parameters in the
offspring.” It is possible that, in the absence of specific
micronutrient deficiencies, the effects of maternal diet on
fetal growth occur only when women have low prepregnancy
BMI or when their energy needs during pregnancy are not
met.? In addition, although balanced increased energy and
protein supplementation may improve fetal growth, high-
protein or balanced-protein supplementation alone is not
beneficial and may even be harmful to the fetus.> In this
study, reported energy and protein intakes during pregnancy
were greater than recommended and just 6% of the mothers
were underweight, which may explain the absence of asso-
ciations between the absolute energy and macronutrient
intakes during pregnancy and neonatal body composition.
From the present data, it may be speculated that the inter-
mediate metabolism of normal weight women protects the
fetus against excessive energy and macronutrient intakes,
while dysregulated intermediate metabolism in overweight
and obese women may independently affect the nutritional
status of the offspring.

Effect of Gestational Weight Gain on Offspring Body
Composition

The hypothesized measurable effect of GWG on the body
composition of the offspring was not found in the whole
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sample. Only in females, a positive association was found
between the GWG and offspring body size (weight, length,
and MAC), adjusted to prepregnancy BMI. The median of
GWG in the present sample was 13 kg. It has been reported
that excessive GWG is associated with increased body
weight and body fat at birth.” Although excessive GWG is
not necessarily due to increased FM, it is eventually associ-
ated with more body fat in the offspring. Differential effects
regarding the type of weight gained during gestation
remains unclear. Butte et al found birth weight to be
positively correlated with mother’s gain in total body
water and FFM but not FM; thus, it was speculated
that the positive association between offspring birth
weight and maternal FFM was mediated by plasma volume
expansion.®

Summary and Conclusion

This cross-sectional study analyzed the adjusted effect of
three major maternal nutrition factors potentially affecting
the fetal body composition, as assessed early after birth. A
reliable direct method for body composition assessment
was used, and only healthy full-term AGA neonates were
included. An association between prepregnancy BMI and
greater offspring weight, W/L, and FFM was found. In males,
greater adiposity was associated with prepregnancy
BMI, while in females greater body size at birth was
associated with GWG. Higher energy intake from carbohy-
drate was positively associated with offspring MAC and
W/L. These results need to be confirmed either by larger
observational studies or interventional studies controlled
for additional factors affecting fetal nutrition, using accu-
rate estimates of both maternal diet and neonatal body
composition.
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