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Objectives: Birth weight plays an important role in infant mortality and morbidity, child development, and adult
metabolic diseases. Several studies have shown that maternal characteristics are an important indicator of offspring birth
weight. In particular, maternal body composition is associated with birth weight. Bioelectrical impedance analysis (BIA)
is an innocuous, non-invasive method that is useful in evaluating body composition, especially during pregnancy. The
aim of this study was to evaluate the association of maternal body composition as measured by at-term BIA with birth
weight.

Methods: A cross-sectional study was performed in 64 pairs of mothers and live singleton newborns with gestational
ages of 37 weeks and older. Maternal body composition was measured using BIA before delivery at term. Pearson’s
correlation and multiple stepwise linear regression analyses were conducted to evaluate the association of body
composition with birth weight.

Results: Birth weight was positively correlated with extracellular water (ECW), intracellular water, body mass index
and free fat mass on Pearson’s correlation analysis. The final stepwise linear regression analysis, with birth weight as
the dependent variable, identified ECW, gender, parity, and gestational age at delivery as predictors of birth weight.

Conclusion: In this study, ECW, which is strictly linked to plasma volume, was positively associated with birth

weight.
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Birth weight plays an important role in infant mortality and
morbidity, child development, and adult metabolic discases."”
Several studies have shown that maternal characteristics are an
important indicator of offspring birth weight. Maternal weight
gain during pregnancy influences birth weight and can play a
significant role in adverse pregnancy outcomes.® For example,
excessive and insufficient weight gain during pregnancy are

strongly associated with macrosomia and low birth weight,

1 2011, 6. 23, AU ¢ 2011, 8. 16, A : 2011, 8. 30.
SR onA
E-mail : mjohmd@korea.ac.kr

respectively.' ™’

Maternal weight includes four components: the product of
conception (fetus, placenta, amniotic fluid), uterine and mammary
tissues, maternal body water (intracellular water [ICW} and
extracellular water [ECWY), and fat mass.” These components can
change to varying degrees during the course of pregnancy, thereby
making it difficult to attribute weight fluctuations to a specific
factor.” It is unclear which components have the most influence on
birth weight.

Body composition can be determined using isotope dilution

methods with deuterium or oxygen-18, yet this classic method is
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expensive and not easy for routine use. In contrast, bioelectrical
impedance analysis (BIA) is an innocuous, non-invasive method
that is useful for evaluating body composition, especially during
pregnancy.” "’ Moreover, its validity to estimate body composition
during pregnancy has been established.”

The aim of this study was to evaluate the association of maternal

body composition according to BIA at term with birth weight.

MATERIALS AND METHODS

All mothers who gave birth to a live, full-term singleton at
Korea University Guro Hospital were eligible to be included in this
study. All mothers who agreed to participate provided written
informed consent. None of the women were receiving medication
known to influence lipid metabolism, and women with gestational
diabetes mellitus or pregnancy-induced hypertension and newborns
with congenital malformations were excluded. A total of 64 pairs
of mothers and newborns were included in this cross-sectional
study.

Information regarding self-reported pre-pregnancy body weight
and parity were obtained at the first prenatal visit; while birth
weight and length of pregnancy, in weeks, were obtained from
medical records.

Body composition was measured using multi-frequency BIA
with eight-point tactile electrodes (InBody 720; Biospace, Seoul,
Korea). This analyzer uses an alternating current of 250 mA at
variable frequencies of 1 kHz, 5 kHz, 50 kHz, 250 kHz, 500 kHz,
and 1,000 kHz. Evaluation was performed at term before labor.

Data are expressed as mean plus standard deviation, range for
continuous variables and as a percentage for categorical variables.
The Pearson’s correlation analysis was used to evaluate associations
between birth weight and maternal body composition. To
establish independent determinants of birth weight, a multiple
stepwise linear regression analysis was conducted with birth weight
as a dependent variable and controlling for age, parity, gestational
age at delivery, neonatal gender, and maternal body composition.

A P-value <0.05 was considered statistically significant. Statistical

analyses were performed using SPSS 10.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

RESULTS

The characteristics of the study subjects (mother/newborn) are
presented in Table 1. The mean maternal age and gestational age
at delivery were 33.84 £ 3.80 years and 39.12 £ 1.06 weeks,
respectively, and the mean birth weight was 3.25 +0.48 kg. Using
BIA, ICW, ECW, fat mass and free fat mass were measured (Table 1).

Table 2 provides summaries of Pearson’s correlation coefficients
between birth weight and maternal body composition. Birth
weight was positively correlated with ECW/, ICW, body mass
index (BMI) and body fat mass. Birth weight and ECW exhibited a
high positively correlation (Fig. 1).

The final stepwise linear regression analysis, with birth weight as
the dependent variable, identified ECW/, neonatal gender, parity, and
gestational age at delivery as predictors of birth weight (Table 3).

DISCUSSION

In this study, maternal body composition at term, especially
maternal ECW, was associated with birth weight after adjusting
for other confounding factors. This result is similar to those of
Levario-Carrillo et al.,"”> who reported a significant relationship
between second trimester ECW and birth weight. Although the
mechanism underlying this association is unclear, we can speculate
on possible explanations. ECW is composed of interstitial fluid and
plasma volume; plasma volume expansion during pregnancy has
been known to be associated with birth weight, and defects in
plasma volume expansion have been associated with low birth
weight.l()’17 This can be explained by the fact that plasma volume
may influence maternal hemodynamics such as cardiac output and,
indirectly, uteroplacental blood flow, which contributes to normal

18-20 ..
Therefore, the association between ECW and

fetal growth.
birth weight observed in this study may be attributed to aberrant

maternal plasma volume.

- 1lbb -



& 2| 521 Maternal body composition and birth weight

Table 1. Characteristics of the study subjects

Mean SD Range
Maternal age (years) 33.84 3.80 26—43
Parity (n) 0.50 0.64 0-2
Gestational age at delivery (weeks) 39.12 1.06 37.30—41.50
Birth weight (kg) 3.25 0.48 2.10—4.44
Neonatal gender—female (%) 46.9
BMI (kg/m®) 26.93 3.78 21.38-40.62
Waist/hip ratio 0.88 0.04 0.81-0.98
ICW (L) 20.30 2.14 16.50—26.60
ECW (L) 12.91 1.583 10.40-17.40
Fat mass (kg) 24.08 7.51 12.80-55.00
Free fat mass (kg) 45.24 4.90 37-60

BMI: body mass index, ICW: intracellular water, ECW: extracellular water, SD: standard deviation.

Table 2. Correlations between birth weight and maternal 4.5 -
body composition r=0.313, p=0.013 o
r P-value s ° °

=
BMI (kg/m?) 0.284 0.024 £

‘o
Waist/hip ratio 0.165 0.196 2

£
ICW (L) 0.276 0.029 o
ECW (L) 0.313 0.013 -
Fat mass (kg) 0.173 0.175 L

2.0 £9

Fat free mass (kg) 0.294 0.019 10 11 12 13 14 15 16 17 18
BMI: body mass index, ICW: intracellular water, ECW: Extracellular water (£)
extracellular water. Fig. 1. Correlation between birth weight and maternal
"Values are Pearson’s coefficients. extracellular water.

There is a current debate regarding whether gestational period particular, ECW shows progressive increases throughout
has the greatest impact on birth weight compared to those of other pregnancy. 1 In this study, ECW was measured at term and was
maternal factors. Levario-Carrillo et al.” reported that there was a positively associated with birth weight. Unfortunately, none of
significant relationship between second trimester maternal ECW these previous studies included a longitudinal evaluation of

and birth weight, and alternations in ECW in women who gave maternal ECW throughout pregnancy. Therefore, it is difficult to

birth to small for gestational age (SGA) babies occurred in the determine whether net volume of ECW (including changes
second trimester. Maternal body composition undergoes a throughout pregnancy), which is measured at term, or the change
substantial adaptive change during the course of pregnancy. “In itself is the associative factor.
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Table 3. Results of stepwise multiple linear regression analysis with birth weight as the dependent variable and
age, parity, gestational age at delivery, neonatal gender, and maternal body composition as independent variables

B t P—value
Parity (n) 0.367 3.276 0.017
Gestational age at delivery (weeks) 0.232 2.078 0.042
Neonatal gender—female (%) —0.275 —2.465 0.017
ECW (L) 0.367 3.276 0.002

B standardized regression coefficient, t: corresponding t values, ECW: extracellular water.

Other studies evaluating the association of body composition
with birth weight have concluded that total maternal body water
was associated with birth weight.*'® However, total body water is
made up of ICW and ECW. Intracellular water during pregnancy
is likely to include changes in the maternal body such as increases
in mammary and uterine tissues.” In this study, ICW was not
associated with birth weight, inconsistent with results from other
studies,"” although ECW was significantly associated with birth
weight. Our results suggest that plasma volume has a stronger
association with ECW than it does with total body water.
Therefore, true estimations of ECW and ICW are needed to
evaluate the association of body composition with birth weight.

In this study, maternal fat mass was not associated with birth
weight, inconsistent with results from other studies.'”"” Other
studies have reported that maternal fat mass is an important
predictor of birth weight,6 especially in the subgroup of women
with low BML® The discrepancy of association between maternal
fat mass and birth weight may be due to several factors, including
the sample size, ethics, period of measurement, and technical
differences concerning the methods used to measure body
composition.

In 2009, the Institute of Medicine released new recommendations
regarding weight gain during pregnancy.” However, weight gain
recommendations have some problems. For example, gestational
weight gain was shown to have opposing influences on the risks for
large for gestational age (LGA) and SGA babies.” These
inconsistencies may be due to inappropriate definition of body

weight, which is made up of several components. Moreover, it is

difficult to determine the adequate range of gestational weight
gain associated with minimal risks for LGA and SGA. Therefore,
BIA during pregnancy is an easy way to monitor changes in body
weight and composition.

Several limitations should be kept in mind when interpreting
our findings. First, because of the cross-sectional nature of this
study, it was not possible to establish a cause-effect relationship
between maternal body composition and birth weight. Second,
amniotic fluid can influence final weight results." Nevertheless, it
has been reported that body composition was not different in
mothers diagnosed with oligohydramnios or polyhydramnios.'

In this study, we have determined that maternal body composition,
especially ECW/, is positively associated with birth weight. The
results indicate that BIA may allow for the possibility to identify
patients at risk for improper fetal growth and to assess maternal

hemodynamic adaptation to pregnancy.
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