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Abstract

Background: The purpose of the study was to evaluate the effects of maternal pre-pregnancy body mass index
(BMI) and gestational weight gain on perinatal outcomes in a population of Korean women.

Methods: We retrospectively reviewed the medical records of 2,454 women who had received antenatal care at
Seoul St. Mary’s Hospital from January 2007 to December 2009. We used World Health Organization definitions for
Asian populations of underweight (BMI < 18.5), normal (BMI equal or higher 185 and < 23), overweight (BMI equal
or higher 23 and < 25), and obese (BMI equal or higher 25). We analyzed perinatal outcomes according to the pre-
pregnancy BMI and weight gain during pregnancy, and calculated the adjusted odds ratios (ORs) and 95%
confidence intervals (Cls) from multiple logistic regression models by considering maternal age, parity, number of
fetuses, length of gestation, and medical history.

Results: Among obese women, the adjusted ORs for gestational diabetes, hypertensive disorder, and incompetent
internal os of cervix were 446, 2.53, and 3.70 (95% Cl = 2.63-7.59, 1.26-5.07, and 1.50-9.12), respectively, and the
adjusted ORs for neonatal complications such as macrosomia and low Apgar score were 2.08 and 1.98 (95% Cl =
1.34-3.22 and 1.19-3.29), respectively, compared with normal weight women. However, there was no positive linear

respectively).

pregnancy can result in significant complications.

association between gestational weight gain and obstetric outcomes. In normal weight women, maternal and
neonatal complications were significantly increased with inadequate weight gain during pregnancy (p < 0.0001
and = 0.0180, respectively), and we observed similar results in underweight women (p = 0.0136 and 0.0004,

Conclusions: This study shows that pre-pregnancy overweight and obesity are more closely related to the adverse
obstetric outcomes than excess weight gain during pregnancy. In addition, inadequate weight gain during

Background

Obesity has been frequently cited as a health problem in
women of childbearing age. A recent report found that
25% of the adult population was obese. The obesity rate
has rapidly increased in the general population and in
women of childbearing age [1,2]. According to a study
conducted from 2002 to 2004 in Scotland, 20% of
women who received antenatal care were obese,
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representing a twofold increase over the past 10 years
[3]. A similar study in the United States reported that
the percentage of obese women who received antenatal
care increased from 16% in 1980 to 36% in 1999 [4].
Gestational weight gain is also higher than ever before,
with approximately 40% of pregnant women gaining
more weight than is recommended [5].

Obesity during pregnancy may cause adverse out-
comes, not only in the mother but also in the child.
Many studies have found that gestational diabetes, pree-
clampsia, emergency caesarean section, postpartum
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hemorrhage, wound infections, preterm delivery, large
for gestational age (LGA), and fetal death in utero
(FDIU) were more common in obese mothers, implying
that obesity during pregnancy is a major challenge for
healthcare providers [6-8]. Maternal obesity may cause
adverse outcomes in offspring in addition to neonatal
complications. Recent studies have reported the interre-
lation between the pre-pregnancy weight of mothers
and children’s obesity that occurred before the age of
9 years [9].

Previous studies, however, mostly focused on the
influence of pre-pregnancy overweight or obesity on
pregnancy outcomes. Moreover, in relation to Asian
women, only a few studies have evaluated the influence
of pre-pregnancy BMI and gestational weight gain on
perinatal outcomes. In particular, there is a paucity of
studies conducted on Korean women. The expert group
of the World Health Organization (WHO) suggested the
use of the modified body mass index (BMI) classification
in view of the fact that the prevalence of obesity was
lower in Asian countries than in Western countries, but
the rate of obesity-related diseases was the other way
round [10], demonstrating that studies on obesity in
Korean women may be helpful to evaluate the traits of
pregnant Asian women. Especially, such studies would
be worthy in the sense that perinatal outcomes are
judged on the basis of pre-pregnancy BMI and gesta-
tional weight gain.

The objective of this study was to evaluate the effects
of maternal pre-pregnancy BMI and gestational weight
gain on perinatal outcomes in a population of Korea
women.

Methods

We retrospectively reviewed the medical records of
women who received antenatal care at Seoul St. Mary’s
Hospital from January 2007 to December 2009. A total
of 2,454 pregnant women were initially enrolled in this
study. However, only those who had successful deliveries
in our hospital were considered for this study. Women
with missing information for the independent variables,
BMI before pregnancy and at the time of delivery, were
excluded from the analysis. The final sample consisted
of 2,413 women.

Weight and height were measured directly at admission
for delivery and were used to calculate gestational weight
gain and pre-pregnancy BMI (maternal weight in kg/
height in m?), while pre-pregnancy weight reported by
each subject was used to calculate pre-pregnancy BMI.
We used WHO definitions for Asian populations of
underweight (BMI < 18.5), normal (18.5 < BMI < 23),
overweight (23 < BMI < 25), and obese (25 < BMI). Gesta-
tional age was estimated from the last menstrual period,
and this was confirmed or corrected by ultrasonography.
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We analyzed the influences of pre-pregnancy BMI and
gestational weight gain on perinatal outcomes, and these
were analyzed on the basis of maternal and neonatal
complications, respectively. The following maternal
complications were included: gestational diabetes, hyper-
tensive disorder, placenta abruption, incompetent inter-
nal os of cervix (IIOC), preterm delivery, preterm
premature rupture of membrane (PPROM), and other
hematologic disorders. The following neonatal complica-
tions were included: FDIU, fetal anomaly, intrauterine
growth restriction (IUGR), small for gestational age
(SGA), LGA, meconium-stained amniotic fluid, low
Apgar score, and neonatal intensive care unit (NICU)
admission. The criterion for birth weight was based on
the gestational age at delivery, where cases that were
less than the 10" percentile or more than the 90™ per-
centile were classified as SGA or LGA; this criterion was
derived from a worldwide study conducted by Alexander
GR et al [11]. Meconium-stained amniotic fluid was lim-
ited to third-degree meconium-stained amniotic fluid of
the clinically defined thick meconium, and a low Apgar
score was defined as when the 1 or 5-minute Apgar
score was less than 7.

All statistical analyses were performed using SAS soft-
ware (version 9.1). The continuous variables were
expressed as the means + standard deviation by analysis
of the variance (ANOVA). The clinical characteristics
and obstetric outcomes of the categorical data or fre-
quency of an event were analyzed using Fisher’s exact
test and the chi-square test with Yates’ correction,
respectively. The significance level was limited to
p-values less than 0.05.

To evaluate the interrelation between pre-pregnancy
BMI and pregnancy risk, multiple logistic regression
models were used. Maternal age, parity, number of
fetuses, length of gestation, and the history of medical
illness were considered as confounding factors. The
models were adjusted for these factors in order to ana-
lyze the outcomes. Adjusted odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated.

This study was approved by an ethics committee of
the Clinical Research Coordinating Center of the Catho-
lic Medical Center.

Results

The mean pre-pregnancy BMI was 20.9 + 2.8 kg/m?2;
417 subjects (17.3%) were underweight (BMI < 18.5),
1,556 (64.5%) were normal (18.5 £ BMI < 23), 236
(9.8%) were overweight (23 £ BMI < 25), and 204 (8.5%)
were obese (25 £ BMI).

The clinical characteristics and outcomes of the sub-
jects are summarized in Table 1. Overweight and obese
women were significantly older than those in the normal
weight group (31.3 + 3.6, 32.3 + 3.9, 33.4 + 4.1, 33.3 +
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Table 1 Characteristics of the study population
Underweight Normal Overweight Obese (25 < BMI) p-value
(BMI < 18.5) (18.5 < BMI < 23) (23 < BMI < 25)

N 417 (17.3) 1556 (64.5) 236 (9.8) 204 (8.5)
Age® 313+ 36 323+ 39 334 £ 41 333 £ 39 < 0.0001
Educational status® 1(0.2) 7 (0.5) 1 (04) 1 (0.5) 0.0014

Under middle school 43 (10.3) 160 (10.3) 40 (17.0) 39 (19.1)

High school 373 (89.5) 1389 (89.3) 195 (82.6) 164 (80.4)

College or higher
OccupatiomID 191 (45.8) 779 (50.1) 106 (44.9) 70 (34.3) 0.0002
Medical historyb 43 (10.3) 153 (9.8) 25 (10.6) 32 (15.7) 0.0857
Parityb (multigravida) 129 (30.9) 623 (40.0) 135 (57.2) 109 (53.4) < 0.0001
Length of gestation® (weeks) 387 £ 27 387 £ 27 382 £33 377 £ 38 < 0.0001
Mode of deliveryb 291 (69.8) 1024 (65.8) 128 (54.2) 89 (45.6) < 0.0001

Vaginal delivery 126 (30.2) 532 (34.2) 108 (45.8) 115 (56.4)

Cesarean section
Weight gain® (kg) 134 + 42 134+ 42 1231 + 491 110+52 < 00001
Weight of fetus® (g) 30335 3122.7 31094 3069.3 0.0728

+ 5840 + 603.0 + 740.2 + 856.1

Maternal complications® 50(12.0) 226(14.5) 52(22.0) 68(33.3) < 0.0001
Neonatal comp\icationsb 137(32.9) 444(28.5) 81(34.3) 74(36.3) < 0.0001

@ Based on ANOVA (mean + SD).
® Based on chi-square or Fisher's exact test (count, %).
BMI, body mass index; SD, standard deviation.

3.9 years, respectively, p < 0.0001). In the overweight
and obese groups, the percentage of highly educated
women was lower than that in the other two groups
(89.5% vs. 89.3% vs. 82.6% vs. 80.4%, respectively, p =
0.0014), and the percentage of working women was
lower (45.8% vs. 50.1% vs. 44.9% vs. 34.3%, respectively,
p = 0.1112) than that in the normal group. The percen-
tage of multigravida in overweight and obese women
was higher than that in the normal group (30.9% vs.
40.0% vs. 57.2% vs. 53.4%, respectively, p < 0.0001). The
rate of cesarean delivery for overweight and obese
women was higher than that for the normal weight
women (30.2% vs. 34.2% vs. 45.8% vs. 56.4%, respec-
tively, p < 0.0001) (Table 1). However, pre-pregnancy
BMI values did not influence a significant increase in
the incidence of emergency cesarean section.

Pre-pregnancy BMI

According to the perinatal outcomes, the incidences of
maternal complications were 12.0%, 14.5%, 22.0%, and
33.3%by BMI, respectively, and the incidences of neona-
tal complications were 32.9%, 28.5%, 34.3%, and 36.3%
by BMI, respectively, all of which were significantly dif-
ferent (p < 0.0001).

For the maternal complications, gestational diabetes
was observed in 0.2% of the underweight group, but
reached 12.3% in the obesity group (p < 0.0001). Further-
more, the incidence of hypertensive disorders increased
from 2.4% in the underweight group to 6.9% in the

obesity group (p < 0.0005). In addition, intergroup differ-
ences were statistically significant for the incidences of
preterm delivery, PPROM, and IIOC (p = 0.0463, 0.0008,
and 0.0474, respectively). The risk ratio for each compli-
cation was calculated on the basis of maternal age, parity,
number of fetuses, length of gestation, and medical his-
tory relative to the normal weight group. In the case of
gestational diabetes, the obesity group showed a statisti-
cally significant increased risk with an OR of 4.46
(95% CI = 2.63-7.59). For hypertensive disorder, the over-
weight (OR 2.2; 95% CI = 1.11-4.58) and obesity groups
(OR 2.53; 95% CI = 1.26-5.07) showed statistically signifi-
cant increased risks. Furthermore, in relation to I10C,
the obesity group showed a statistically significant
increased risk with an OR of 3.70 (95% CI = 1.50-9.12)
(Table 2).

For the neonatal complications, LGA reached 4.1%,
7.7%, 14.0%, and 14.7% in the respective groups, and
this was a representative item that showed significant
differences according to the BMIs (p < 0.0001). Inter-
group differences were observed in the indices that
indirectly demonstrate fetal distress. In these cases, the
incidence rates were higher not only in the overweight
and obese groups but also in the underweight group
than in the normal weight group. Among the indices
that measure neonatal outcome, the ORs for a low
Apgar score were high in the overweight group (OR
2.12; 95% CI = 1.20-3.18) and in the obesity group (OR
1.98; 95% CI= 1.19-3.29) (Table 2).
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Table 2 Adjusted odds ratios for pregnancy risks
Underweight (BMI < Normal (18.5 < BMI < Overweight (23 < BMI < Obese (25 <
18.5) 23) 25) BMI)
Maternal complications
Gestational diabetes 0.09 (0.01-0.66) 1.00 1.58 (0.80-3.15) 446 (2.63-7.59)
Hypertensive disorder 1.08 (0.52-2.23) 1.00 2.26 (1.11-4.58) 2.53 (1.26-5.07)
Placenta abruption 0.74 (0.20-2.73) 1.00 0.29 (0.04-2.38) 0.18 (0.02-1.66)
110C 1.32 (0.44-3.93) 1.00 1.34 (041-438) 3.70 (1.50-9. 12)
Preterm delivery 040 (0.19-0.86) 1.00 1.10 (0.57-2.10) 0.58 (0.26-1.28)
PPROM 5(0.57-2.32) 1.00 0.95 (0.47-1.94) 1.15 (0.57-2. 32)
Hematologic disorder 2.60 (0.72-9.40) 1.00 2.30 (0.46-1.65) -
Neonatal complications
FDIU 3.94 (0.86-18.02) 1.00 2.86 (046-17.62) 0.66 (0.06-7.28)
Anomaly 1.30 (0.76-2.22) 1.00 1.14 (0.57-2.30) 0.73 (0.30-1.74)
IUGR 1.36 (0.64-2.88) 1.00 0.57 (0.13-2.47) 1.83 (0.72-4.67)
SGA 1.38 (1.02-1 88) 1.00 0.69 (042-1.13) 1.08 (0.69-1.69)
LGA 046 (0.1 19) 1.00 1.79 (0.92- 348) 2.77 (149-5.16)
Thick meconium-stained amniotic 1.03 (0.61-1 72) 1.00 2.12 (1.18-3.79) 0.86 (0.36-2.03)
fluid
Low Apgar score 1.39 (0.91-2.12) 1.00 1.96 (1.20-3.18) 1.98 (1.19-3.29)
NICU admission 1.32 (0.79-2.20) 1.00 142 (0.78-261) 1.11 (0.57-2.16)

Based on multiple logistic regression models adjusted for age, parity, numbers of fetuses, pregnancy (day), and medical history.

BMI, body mass index; II0OC, incompetence of internal os of cervix; PPROM, preterm premature rupture of membrane; FDIU, fetal death in uterus; IUGR,
intrauterine growth restriction; SGA, small for gestational age; LGA, large for gestational age; NICU, neonatal intensive care unit.

Gestational weight gain

To ascertain the incidence of complications according to
gestational weight gain, we classified gestational weight
gain in subjects into the following 3 groups; (1) less-
than-recommended weight gain, (2) recommended
weight gain, and (3) more-than-recommended weight
gain according to Institute of Medicine (IOM) guide-
lines. In the underweight group, the incidence of mater-
nal and neonatal complications increased significantly
higher with less-than-recommended gestational weight
gain (p = 0.0136 and 0.0004, respectively). We observed
similar results in the normal weight group (p < 0.0001
and p = 0.0180, respectively). In the overweight and
obese groups, on the other hand, there were no signifi-
cant differences between weight gain and the incidence
of complications (Table 3).

In the underweight group, the incidence of PPROM
were maternal complications that demonstrated an
inverse relationship to weight gain (p = 0.0074). Among
neonatal complications, the rates of SGA, low Apgar
score, and NICU admission were inversely proportional
to gestational weight gain (p = 0.0016, p < 0.0001, p =
0.0014, respectively). The normal weight group showed
an increased incidence of gestational diabetes, placenta
abruption, preterm delivery and PPROM with less
weight gain (p = 0.0392, 0.0002, 0.0225, and p < 0.0001,
respectively). Furthermore, as observed in the under-
weight group, the incidence of neonatal complications
such as SGA, low Apgar score and NICU admission was

increased with less weight gain during pregnancy
(p = 0.1127, and p < 0.0001, respectively). The increased
incidence was observed for LGA with more weight gain
in the normal weight group (p < 0.0001).

The rate of cesarean section was lower in subjects
with recommended gestational weight gain in the nor-
mal weight group (p = 0.0107). Although the increased
in the rate of cesarean section for arrest disorders was
directly proportionate to weight gain, the rate of cesar-
ean section for fetal distress was inversely proportionate
to it.

Discussion

Our study found that pre-pregnancy BMI was more
closely related to perinatal outcomes than gestational
weight gain in Korean women.

In women who were overweight or obese before preg-
nancy, we observed a higher frequency of gestational
diabetes, hypertensive disorder, IIOC, LGA, thick meco-
nium-stained amniotic fluid, and low Apgar score, sup-
porting the results of previous studies. Voigt et al.
analyzed German perinatal statistics and demonstrated
higher rates of hypertension, preeclampsia, gestational
diabetes, fetal macrosomia, fetal structural anomalies,
and low neonatal Apgar score in obese than in normal
weight women [12]. Bhattacharya et al., who compared
1,857 obese pregnant women with 14,076 normal
pregnant women, reported that obese pregnant women
had significantly higher frequencies of preeclampsia,
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Table 3 Obstetric outcomes according to weight gain

Weight gain during pregnancy (kg) Under recommendation* ~ Recommendation = Over recommendation  p-value

Underweight (BMI < 18.5) Maternal complications 0 (17.3) 18 (8.9) 2 (4.8) 0.0136
Neonatal complications 75 (434) 54 (26.7) 8 (19.1) 0.0004
Cesarean section 48 (27.8) 62 (30.7) 16 (38.1) 04150

Normal (18.5 < BMI < 23) Maternal complications 111 (21.5) 82 (11.6) 33 (9.9) < 0.0001
Neonatal complications 171 (33.1) 186 (26.4) 87 (26.1) 0.0180
Cesarean section 171 (33.1) 224 (31.7) 137 (41.0) 0.0107

Overweight (23 < BMI < 25)  Maternal complications 9 (31.0) 5(19.2) 8 (21.7) 04006
Neonatal complications 13 (44.8) 27 (34.6) 1(31.8) 0.3927
Cesarean section 2 (414) 35 (44.9) 61 (47.3) 0.8310

Obese (25 < BMI) Maternal complications 10 (38.5) 19 (38.0) 9 (30.5) 0.5298
Neonatal complications 1(423) 23 (46.0) 2 (32.8) 0.2231
Cesarean section 5 (57.7) 25 (50.0) 5 (58.6) 05767

Based on chi-square or Fisher's exact test (count, %).
BMI, body mass index; C/S, cesarean section.

*Recommended gestational weight gain; underweight: 12.5-18 kg, normal: 11.5-16 kg, overweight: 7-11.5 kg, obese: 5-9.1 kg.

gestational hypertension, emergency caesarean section,
preterm delivery at less than 33 weeks of gestation, and
birth weight over 4,000 g [13].

Adverse perinatal outcomes may occur due to not only
excessively high pre-pregnancy BMI but also excessively
low BMI. Murakami et al. concluded that pre-pregnancy
BMI and perinatal outcomes showed a U-shaped interre-
lation. They observed that overweight and obese women
were at a higher risk of cesarean section, preeclampsia,
and gestational diabetes than normal weight women, but
underweight women showed a higher risk of low birth
weight infants, thereby elevating the rate of infant hospi-
talization [14]. In our study, the incidence rate also
showed a U-shaped curve for the majority of neonatal
outcome-related indices, except for LGA, confirming that
pre-pregnancy underweight was a risk factor for neonatal
complications.

Many previous studies have reported that in addition
to maternal and neonatal complications, the rate of
cesarean section increases in obese pregnant women
[15-18]. Poobalan et al. conducted a meta-analysis on a
cohort study performed from 1996 to 2007 and found
that the risk of cesarean section was higher in over-
weight or obese women than in women with normal
BMLI. In addition, they mentioned that the risk of emer-
gency cesarean delivery was more than elective,
although both were higher with increasing BMI [18].
Many reports have indicated that the higher rate of
cesarean section in obese pregnant women is due to
neonate size; however, in the absence of macrosomia,
this increased risk may be due to the increase in soft tis-
sue in the pelvis that narrows the pelvic outlet and the
negative effect of poor pelvic and abdominal tone on
fetal position [17]. In our study, although the high rate
of cesarean section was observed in pre-pregnancy

overweight or obese women, no significant difference
was noted in the rate of emergency cesarean section in
relation to pre-pregnancy BMI. This was due to the
higher rate of emergency cesarean sections performed
due to fetal distress in the underweight group. The
underlying mechanism for this effect is unclear, but it
can be understood in relation to the observation that
pre-pregnancy underweight is related to adverse neona-
tal outcomes.

Maternal weight gain during pregnancy has recently
become a controversial subject. Claire et al. reported
that excessive gestational weight gain caused long-term
consequences to maternal and child body size, but a
lower gain increased the risk of SGA. The Institute of
Medicine has constantly updated the guidelines for
gestational weight gain from 1970 until 2009, demon-
strating the difficulty in balancing the risks that are
associated with inadequate weight gain against those
that are associated with excessive gain. The guidelines
suggest an optimal weight gain range that is specific to
pre-pregnancy BMIs, and this has been validated in var-
ious studies [15,19-22]. The guidelines, however, do not
make a recommendation using modified BMI categories
based on data from Asian populations. We analyzed
perinatal outcomes in relation to the modified BMIs for
Asian populations in our study. Gestational weight gain
was not noteworthy in the overweight and obesity
groups, but in the underweight and normal weight
groups, gestational weight gain and perinatal outcomes
showed a U-shaped interrelation.

There are some limitations to our study. First, pre-
pregnancy body weight was based on self-reported data.
Since overweight or obese people tend to understate
their weight, it is possible that errors occurred in the
process of grouping the pre-pregnancy BMIs. Second,
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the present study was based on data collected from a
single hospital located in an urban area. According to a
previous study, excessive weight gain could be prevented
in low-income women by intervention for gestational
weight gain [23]. The majority of our subjects lives in
urban areas and thus had undergone prenatal care,
whereupon gestational weight gain could be properly
controlled, and this may function as a buffer between
gestational weight gain and adverse perinatal outcomes.

Despite such limitations, our study has several
strengths. We comprehensively analyzed the influence of
pre-pregnancy BMI and gestational weight gain on peri-
natal outcomes in the same group of pregnant Korean
women, and confirmed that pre-pregnancy BMI was a
more significant index than gestational weight gain. In
addition, our results suggested that neonatal complica-
tions increased in underweight women before pregnancy
and that inadequate gestational weight gain caused
adverse perinatal outcomes. As the obese population has
rapidly increased, even in women of childbearing age,
underweight pregnant women have been relatively
neglected. However, considering that the distribution of
the pre-pregnancy underweight population is similar to
the overweight and obese population, our results are
important in the sense that they indicated that the
weight of underweight women should be properly con-
trolled during pregnancy in order to improve the perina-
tal outcome.

Conclusions
Pre-pregnancy overweight and obesity are more closely
related to adverse obstetric outcomes than excess weight
gain during pregnancy. In addition, inadequate weight
gain during pregnancy can result in significant
complications.

The results of this study are expected to be highly
helpful during consultations with women of childbearing
age and pregnant women with respect to weight control,
as well as to perform clinic-based intervention. Addi-
tionally, there is a need to conduct a large-scale multi-
center study to compile guidelines for the optimal
weight gain range using the modified BMI classification
for Asian populations.
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