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Abstract

Purpose  Overweight or obesity is a known risk factor for
cesarean delivery although there is minimal data among
Japanese women. The aim of the study was to examine the
effect of prepregnancy body mass index (BMI) on single-
ton cesarean delivery among term nulliparous women
using a national sample from the Human Milk Survey.
Methods  Data from the Human Milk Survey between 1998
and 2008 were used for the secondary analysis. Women were
categorized as underweight (BMI < 18.5 kg/m?), normal
weight (18.5 < BMI < 25.0), or overweight (BMI > 25.0)
based on their prepregnancy BMI. The association between
maternal prepregnancy BMI and cesarean delivery was
assessed using logistic regression models.

Results A total of 915 women were included in the
analysis. The proportion of cesarean section was 10.1%.
Overall, 17.1% of the women were underweight while
6.0% were overweight. After adjusting for maternal age,
smoking status, pregnancy complications, and infant
birthweight, overweight women were 2.7 times more likely
to have a cesarean delivery compared to normal weight
women (adjusted odds ratio [adjusted OR] = 2.7, 95%
confidence interval [CI] = 14-5.4), and underweight
women were half as likely to have a cesarean delivery
compared to normal weight women (adjusted OR = 0.5,
95% CI = 0.2-1.1).

Conclusions Being overweight before pregnancy more
than doubled the risk of cesarean delivery independent of
age, smoking, pregnancy complications, and infant
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birthweight among term nulliparous women. Overweight
Japanese women should be advised to achieve normal
prepregnancy BMI in their preconception period to prevent
cesarean delivery.

Keywords Epidemiology - Cesarean delivery -
Prepregnancy BMI - Maternal overweight -
Pregnancy - Japanese

Introduction

In Japan, cesarean rate has doubled over the last two
decades, from 8.5% in 1987 to 18.4% in 2008, while the
total number of deliveries has decreased [1]. Although
cesarean section is regarded to be a low-risk procedure
both by health professionals and patients in developed
countries, maternal intraoperative and postoperative com-
plication rates have been reported to be high [2, 3]. Some
may claim that the increase in cesarean section rates was
necessary to improve perinatal outcomes. However, recent
WHO surveys conducted in Latin America and Asia sug-
gested that increasing rates of cesarean section do not
necessarily lead to improved perinatal outcomes but may
be associated with maternal mortality and morbidity [4, 5].
In addition, cesarean delivery costs more than a vaginal
birth, contributing to rising health costs [6].

Overweight or obesity is a known risk factor for cesar-
ean delivery [7-11]. While increasing numbers of women
of childbearing age in western countries are overweight or
obese [12, 13], a similar trend has not been observed in
Japan. According to a national survey of non-pregnant
women in Japan, in 2007, the prevalence of overweight
(defined as body mass index [BMI] of >25.0 kg/m?)
women in their twenties and thirties were 5.9 and 11.1%,
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respectively, and the prevalence has not changed over the
last 20 years [14]. In Japan, the government does not
monitor the prevalence of obesity (defined as BMI of
>30.0 kg/m?) for non-pregnant women. In pregnant
women in Japan, there is no national prevalence data of
overweight or obesity. National data indicate that Japanese
women are having their babies at older age compared to a
few decades ago. According to vital statistics, the average
maternal age at delivery rose from 27.4 years in 1975 to
31.0 years in 2009 [15]. Because the prevalence of over-
weight increases as women age [14], it is likely that the
overall prevalence of overweight among pregnant women
have increased over the years. This may have contributed
to the rise in cesarean section rate in Japan, to some degree.

The association between overweight and cesarean
delivery has not been well documented among Japanese
women. To our knowledge, in Japan, there is only one
published study investigating the association between
overweight women and cesarean delivery in the English
language and it is a single institution study [16]. Therefore,
our aim of the study was to examine the effect of prepre-
gnancy body mass index on singleton cesarean delivery
among term nulliparous women using a national sample
from the Human Milk Survey.

Methods

Data from the Human Milk Survey between 1998 and 2008
were extracted for secondary analysis. The primary pur-
pose of the survey was to investigate the dioxin levels in
human breast milk and their effects on child development.
The details of the survey methodology are described else-
where [17]. In brief, healthy nulliparous women carrying
singleton babies in their twenties and thirties were recruited
and interviewed by public health nurses in 19 prefectures
and one city. Women were first interviewed during the
third trimester of pregnancy, and they provided maternal
information including prepregnancy BMI and smoking
status. Women were again interviewed approximately
1 month post-delivery, at which time, delivery and infant
information were obtained. The information was self-
reported and confirmed by the public health nurses from
each mothers’ maternal and child health handbook, a
document issued by municipal governments in Japan. By
law, health providers in charge of prenatal visits and/or
delivery are responsible for documenting information such
as maternal weight, pregnancy complications, and mode of
delivery in the handbooks.

Between 1998 and 2008, there were 1,021 participants
in the Human Milk Survey. Women with non-cephalic
fetuses and post-term delivery were excluded from the
analyses since malpresentation and post-term delivery are

@ Springer

both associated with cesarean delivery, and we wanted to
separate those effects. After excluding those missing mode
of delivery (n=5), those missing gestational age at
delivery (n = 2), preterm delivery defined as less than
37 weeks gestation (n = 26), post-term delivery defined as
42 weeks gestation or more (n = 16), those missing
information on prepregnancy BMI (n = 2), and those with
non-cephalic fetuses (n = 48) or missing information on
fetal presentation (n = 7), a total of 915 women and their
infants were included in the analysis.

The exposure variable of interest was prepregnancy
BMI, calculated using prepregnancy weight and height as
self-reported by the mother during the 3rd trimester
of pregnancy. Prepregnancy BMI was categorized
into underweight (BMI < 18.5 kg/m?®), normal weight
(18.5 kg/m® < BMI < 250 kg/m®), and  overweight
(BMI > 25.0 kg/m?) according to the definition by the
Japan Society for the Study of Obesity [18]. The outcome
variable was a dichotomous variable of whether or not the
mother had a cesarean delivery, as self-reported by mother
1 month post-delivery. Bivariate analyses were conducted
using a contingency table approach to assess the associa-
tion between prepregnancy BMI and demographic and
clinical characteristics of the mothers and infants. The
association between three-category prepregnancy BMI
variable and cesarean delivery variable was assessed using
logistic regression models. Covariates and potential effect
modifiers considered were maternal age, smoking status,
region of residence (Japan is officially divided into
8 regions, including Hokkaido, Tohoku, Kanto, Chubu,
Kinki, Chugoku, Kyushu, and Okinawa), pregnancy com-
plications (presence of either one of the following: pre-
eclampsia/hypertension, uterine anatomic abnormality,
gestational diabetes, and threatened labor), gestational age,
and infant birthweight (in 100 g). A p value of less than
0.05 was considered statistically significant. All statistical
analyses were conducted using the Statistical Analysis
System® (SAS, version 9.1; SAS Institute, Cary, NC).

Results

Table 1 demonstrates the demographic and clinical char-
acteristics of women and infants in the study. Proportion of
cesarean delivery was 10.1%. Women were aged between
24 and 36 years (mean 29.3 years, median 29 years). The
study participates were from six regions (19 prefectures
and 1 city) out of eight regions (47 prefectures) of Japan.
Prepregnancy BMI ranged from 16.0 to 36.2 kg/m?, and
the mean (SD) and median were 20.7 (2.7) kg/m2 and
20.2 kg/m?, respectively. Overall, 17.1% of the women
were underweight while 6.0% were overweight. Pregnancy
complications (preeclampsia or hypertensive disorder
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Table 1 Characteristics of term nulliparous women and infants in
cephalic position, the human milk survey, 1998-2008 (n = 915)

Characteristic n (%)*
Maternal age (years)
24-27 276 (30.2)
28-31 440 (48.1)
32-36 199 (21.8)
Region of residence
Tohoku 133 (14.5)
Kanto 225 (24.6)
Chubu 261 (28.5)
Kinki 145 (15.9)
Chugoku 101 (11.0)
Kyushu 50 (5.5)
Smoking status
Current smoker (3rd trimester) 33 (3.6)
Quit smoking during pregnancy 162 (17.8)
Non-smoker 716 (78.6)
Missing n = 4
Prepregnancy BMI status
Underweight (BMI < 18.5 kg/m?) 156 (17.1)
Normal (18.5 kg/m® < BMI < 25.0 kg/m?) 704 (76.9)
Overweight (BMI > 25.0 kg/m?) 55 (6.0)
Pregnancy complications
Present 36 (4.0)
Absent 873 (96.0)
Missing n = 6
Sex of the infant
Male 468 (51.4)
Female 443 (48.6)
Missing n = 4
Birth weight
Low birthweight (<2,500 g) 54 (5.9)
Normal birthweight (2,500 g < BW < 4,000 g) 855 (93.4)
High birthweight (>4,000 g) 6 (0.7)
Mode of delivery
Cesarean 92 (10.1)
Vaginal 823 (90.0)

* Pecentages may not add up to 100% because of rounding

during pregnancy, uterine anatomic abnormality, gesta-
tional diabetes, and threatened labor) were reported in
4.0% of women.

Bivariate analyses that looked at the association between
prepregnancy BMI categories and characteristics of women
and infants using contingency table approach showed that,
in general, increasing maternal age and greater birthweight
were associated with greater maternal prepregnancy BMI
categories (Table 2). Maternal smoking status and preg-
nancy complications were not significantly associated with

prepregnancy BMI status. In addition, there was no
regional difference in prepregnancy BMI status (data not
shown).

The results of logistic regression analyses to test the
association between maternal and infant characteristics and
mode of delivery (cesarean vs. vaginal) are presented in
Table 3. The crude logistic regression models showed that
prepregnancy BMI, maternal age, the presence of preg-
nancy complications, and infant birthweight were associ-
ated with cesarean delivery. After adjusting for maternal
age, smoking status, pregnancy complications, and infant
birthweight, overweight women were 2.7 times more likely
to have a cesarean delivery compared to normal weight
women (adjusted odds ratio [OR] = 2.7, 95% confidence
interval [CI] = 1.4-5.4). On the other hand, underweight
women were half as likely to have a cesarean delivery
compared to normal weight women (adjusted OR = 0.5,
95% CI = 0.2—1.1) although the association was margin-
ally significant (p = 0.076). Adding gestational age to the
final model did not alter the results.

Discussion

Overweight women were 2.7 times more likely to have a
cesarean delivery compared to normal weight women even
after controlling for pregnancy complications, maternal
age, smoking status, and birthweight. This result indicates
that overweight women are likely to deliver cesarean not
only because of pregnancy complications such as pre-
eclampsia and diabetes but also because they may have
difficulty delivering vaginally for anatomical reasons:
dystocia due to increases in pelvic soft tissues {9, 19].
Although overweight women are likely to have high
birthweight infants [20], our result also suggests that infant
birthweight was not the only reason for the overweight
women to have a cesarean delivery. It is likely that

abnormal labor (i.e., protraction and arrest disorders)

resulted in cesarean delivery. In addition, obstetricians may
tend to recommend a cesarean delivery to overweight
women once the labor is prolonged because they may fear
that vaginal delivery may not be possible for those women.
Further research is needed to reveal whether the perception
and practice patterns of obstetricians in Japan differ by
prepregnancy BMI status.

To our knowledge, this is the first national multicenter
study in Japan that investigated the association between
prepregnancy BMI categories and cesarean delivery.
A previous study of 633 women by Murakami et al.
involving one hospital showed that the odds of a cesarean
delivery were 2.42 times (95% CI = 1.05-5.58) higher
among overweight women (prepregnancy BMI > 25 kg/m?)
compared with normal weight women after adjusting for
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Table 2 Characteristics of the study population and mode of delivery by prepregnancy BMI categories, the human milk survey, 1998-2008

(n =915)
Characteristic Underweight Normal weight Overweight p Value®
(n = 156) (n =1704) (n = 55)

Mean maternal age (in years) (SD) 28.8 (2.5) 29.3 (2.7) 30.0 (2.5) 0.008

Smoking status 0.278
Current smoker (%) 5.8 33 1.8
Quit smoking during pregnancy (%) 19.9 169 23.6
Non-smoker (%) 74.4 79.9 74.6

Sex of the infant 0.578
Male (%) 513 509 58.2

Birth weight (g) (SD) 2974.7 (358.3) 3073.1 (358.5) 3198.7 (429.6) <0.001

Birth weight (3 category) <0.001
Low birthweight (<2,500 g) (%) 9.6 54 1.8
Normal birthweight (2,500 g < BW < 4,000 g) (%) 89.7 943 92.7
High birth weight (=4,000 g) (%) 0.6 0.3 5.5

Pregnancy complications 0.861
Present (%) 32 42 3.6

Mode of delivery <0.001
Cesarean delivery (%) 45 10.1 25.5

SD standard deviation

* p Values were calculated using the Chi-square test, Fisher’s exact test, and one-way analysis of variance test as appropriate

Table 3 Results from logistic regression models to test the association between maternal and infant characteristics and mode of delivery

(cesarean vs. vaginal), the human milk survey, 1998-2008 (n = 915)

Crude Adjusted®
OR (95% CI) p Value OR (95% CI) p Value
Prepregnancy BMI
Underweight (BMI < 18.5 kg/m?) 0.4 (0.2-0.9) 0.032 0.5 (0.2-1.1) 0.076
Normal (18.5 kg/m? < BMI < 25.0 kg/m?) Reference Reference
Overweight (BMI > 25.0 kg/mz) 3.0(1.6-5.9 0.001 2.7 (1.4-5.4) 0.003
Maternal age (years) 1.1 (1.1-1.2) 0.002 1.1 (1.0-1.2) 0.011
Smoking status
Current smoker 0.6 (0.1-2.5) 0.470 0.7 (0.2-3.2) 0.672
Non-smoker Reference Reference
Quit during pregnancy 1.1 (0.7-2.0) 0.649 1.1 (0.6-2.0) 0.664
Pregnancy complications
Present 32 (1.4-7.0) 0.004 3.0 (1.3-6.7) 0.009
Absent Reference Reference
Birth weight (in 100 g) 1.1 (1.0-1.1) 0.036 1.0 (1.0-1.1) 0.121

OR odds ratio, CI confidence interval

* The multivariable model is adjusted for all the other variables listed in the table

maternal age, parity, smoking, weight gain during pregnancy,
and gestational age [16]. The study was conducted at atertiary
hospital, and included women of multiparity, teenagers, those
over 40 years of age, as well as deliveries between 24 and
42 weeks gestation. The women in our study were low-risk
because the survey targeted healthy pregnant women in their
twenties and thirties who were planning to breastfeed.
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Nonetheless, our study involving low-risk women from the
general population showed that being overweight is a sig-
nificant risk factor for cesarean delivery, consistent with the
previous hospital-based study.

Japan has lower rates of cesarean delivery compared to
western countries: The overall cesarean rate in Japan was
18.4% in 2008 while the rate was 32% in the United States
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in 2007 [21]. Even though our study involved low-risk,
term nulliparous women with cephalic fetuses, overweight
women in our sample had a high cesarean delivery rate of
25.5%. This is comparable to a US cesarean delivery rate
of 26.5% among nulliparous overweight women with
term live births from the Pregnancy Risk Assessment
Monitoring System between 1998 and 2000 [22] although
overweight was defined slightly different (26.1 kg/m?® <
BMI < 29.0 kg/m?) in the US.

The results of the current study and the previous study
by Murakami et al. suggest that overweight Japanese
women may have higher risk of cesarean delivery com-
pared with women from western countries, in terms of the
magnitude of risk of overweight women compared to
normal weight women. A meta-analysis of studies con-
ducted in western countries by Chu et al. showed that the
OR of a cesarean delivery were 1.46 (95% CI = 1.34-
1.60), 2.05 (95% CI=1.86-2.27), and 2.89 (95%
CI = 2.28-3.79) among overweight, obese, and severely
obese women, respectively, compared with normal weight
pregnant women {23]. Although our study and the study by
Murakami et al. combined the overweight and obese cat-
egories into one category of overweight (prepregnancy
BMI > 25.0 kg/m?) as suggested by the Japan Society for
the Study of Obesity [18], the majority of these women are
between the prepregnancy BMI of 25.0 and 29.9 kg/m?
(78% in our sample). Therefore, the OR of 2.7 in our study
and OR of 2.42 in the previous study most likely represent
the odds ratios of women with prepregnancy BMI between
25.0 and 29.9 kg/m®. These magnitudes of risk are com-
parable to the risk among obese women in western
countries.

There are some limitations in our study. The study used
prepregnancy weight and height to calculate prepregnancy
BMI, which were self-reported during the third trimester of
pregnancy and may have been inaccurate. Although self-
reported weight and height are reported to be generally
reliable among middle-aged Japanese women [24], no
validation study has been conducted among Japanese
pregnant women. Another limitation is that other important
variables associated with cesarean delivery such as weight
gain during pregnancy [25, 26] and socioeconomic status
[27, 28] were not available. Future studies should investi-
gate the association between prepregnancy BMI and
cesarean delivery in relation to these variables in Japan.

Furthermore, the generalizability of the study is limited.
The study population was low-risk since the survey tar-
geted healthy pregnant women in their twenties and thirties
who were planning to breastfeed. The cesarean rate among
term nulliparous women in our study was 10.1% while the
overall cesarean rate for Japan was between 14.7 and
18.4% during the same period [1]. Nonetheless, the study
was a multicenter study, had a large sample size of 915,

and provided useful insight on this subject. Further
research is needed among adolescents, older women, and
high-risk women in Japan.

In conclusion, our study showed that being overweight
more than double the risk of cesarean delivery even among
low-risk nulliparous women in Japan, where women are
leaner compared to women in the western countries.
Overweight Japanese women should be advised to achieve
normal prepregnancy BMI through dietary and life-style
modifications in their preconception period to prevent
primary cesarean delivery.
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