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China has one of the highest rates of cesarean sections in the world. However, limited epidemiological
studies have evaluated the risk factors for cesarean section among Chinese women. Thus, the aim of this
cohort study was to investigate the associations between pre-pregnancy BMI, gestational weight gain
(GWG) and the risk of cesarean section in China. A total of 57,891 women with singleton, live-born, term
pregnancies were included in this analysis. We found that women who were overweight or obese before
pregnancy had an elevated risk of cesarean section. Women with a total GWG above the Institute of
Medicine (IOM) recommendations had an adjusted OR for cesarean section of 1.45 (95% Cl, 1.40-1.51)
compared with women who had GWG within the IOM recommendations. Women with excessive BMI
gain during pregnancy also had an increased risk of cesarean section. When stratified by maternal
pre-pregnancy BMI, there was a significant association between excessive GWG and increased odds of
cesarean section across all pre-pregnancy BMI categories. These results suggest that weight control
efforts before and during pregnancy may help to reduce the rate of cesarean sections.

During recent decades, the rate of cesarean sections has risen markedly in both developed and developing countries,
especially in China. Among women in urban areas of China, the rate of cesarean sections rose from 14.9% to 54.1%
between 1993 and 2008. According to a survey conducted by the World Health Organization (WHO), nearly half of all
the infants born in China were delivered by cesarean section during 2007-2008, which was three times higher than the
WHO's recommended cesarean rate of 15%!. At present, China has one of the highest rates of cesarean sections in the

* world. Previous studies have indicated that cesarean sections performed without medical indication may be associated

. with increased risk of maternal complications such as infection, haemorrhage, or even death? The performance of
cesarean sections may also be associated with an increased healthcare system burden, and women who have undergone
cesarean section may be at increased risk of abnormal placentation during subsequent pregnancies>. Additionally,
infants delivered by cesarean section may be more likely to develop respiratory problems, obesity, and other metabolic
syndromes later in life®. Therefore, identifying the risk factors for cesarean section, especially those that are modifiable
is important for the formulation of interventions to reduce the rate of cesarean sections.

Previous studies have identified an association between maternal overweight/obesity and risk of cesarean
section®; however, most of these studies were conducted in developed countries, and women of reproductive age
in developing countries generally have a lower body mass index (BMI) than those in developed countries’. As
maternal weight during pregnancy is influenced by a combination of both pre-pregnancy weight and gestational
weight gain (GWG), there have been increasing concerns regarding whether GWG may influence cesarean sec-
tion risk and, therefore, whether controlling GWG can reduce the risk of undergoing cesarean delivery. However,
previous studies have mainly focused on GWG in women who were overweight or obese, and few studies have
investigated the risk of cesarean section among women of normal weight or underweight status who gained
excessive weight during pregnancy?®. Therefore, the independent and joint associations between pre-pregnancy
BMI, GWG and cesarean section deliveries have not been well studied, especially in developing countries.
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Age at delivery (years)

<25 5,601 23.62 6,079 17.79

25-29 12,430 52.42 17,483 51.15

30-34 4,565 19.25 8,193 23.97

>35 1,118 4.71 2,422 7.09
Education Level

Less than high school 3,336 14.07 3,741 10.95

High school 10,317 43.51 16,447 48.12

College 8,655 36.50 12,890 37.72

Advanced degree 1,406 5.93 1,099 3.22
Offspring Gender

Male 12,122 51.12 18,500 54.13

Female 11,592 48.88 15,677 45.87
Offspring birth weight (g)

<2,500 346 1.46 378 111

2,500-3,999 22,536 95.03 31,357 91.75

>4,000 832 3.51 2,442 7.15
Number of Parity

1 18,923 79.80 28,679 83.91

>2 4,791 20.20 5,498 16.09
Pre-pregnancy BMI (kg/m?)

Under weight (<18.5) 4,547 19.17 5,574 16.31

Normal (18.5-23.9) 18,251 76.96 26,271 76.87

Overweight (24-27.9) 842 3.55 2,035 5.95

Obese (>28) 74 0.31 297 0.87

Table 1. Distribution of selected characteristics among cesarean and vaginal deliveries.

In this cohort study, we sought to investigate the potential associations between pre-pregnancy BMI, GWG,
gestational BMI gain and risk of cesarean delivery in women with term pregnancies in China.

Results

Table 1 shows the distribution of selected characteristics among women included in the cohort. Of the 57,891
included women, 34,177 underwent cesarean section. Women aged over 30 years, who delivered an infant that
was male or over 4000 g birth weight, and who were overweight/obese before pregnancy were more likely to
undergo cesarean section. The mean total GWG among women underwent cesarean section was 18.00 £ 7.24 kg,
which was higher than the mean GWG among those who delivered vaginally (16.27 £ 6.64 kg).

Table 2 presents the associations between pre-pregnancy BMI, GWG, and gestational BMI gain and the risk
of cesarean section. In the model adjusted for potential confounders including maternal age at delivery, educa-
tion level, parity, offspring gender and birth weight, pre-pregnancy BMI, GWG and gestational BMI gain were
all positively associated with the risk of cesarean section. Significantly increased odds of cesarean section were
observed among women who were overweight or obese prior to pregnancy (adjusted ORs for overweight and
obese women were 1.73 and 2.90, respectively) when compared with women who had a normal pre-pregnancy
BMI. The adjusted OR for cesarean section among women who had GWG above the IOM recommendations
was 1.45 (95% CI, 1.40-1.51) compared with women who had GWG within the recommendations. Women with
a BMI gain greater than 8 kg/m? during pregnancy had an adjusted OR for cesarean section of 2.01 (95% CI,
1.90-2.12) compared with women who had a BMI gain less than 4kg/m?. The odds of cesarean section increased
as gestational BMI gain increased (P value for trend < 0.01).

The results of the analysis of the associations between GWG and gestational BMI gain and the risk of cesarean
section stratified by pre-pregnancy BMI are presented in Table 3. Women with higher GWG and BMI gain had
significantly increased odds of undergoing cesarean section across all pre-pregnancy BMI statuses. However, the
odds ratio for the association between higher BMI gain and cesarean section delivery decreased as pre-pregnancy
BMI increased. In particular, women who were underweight before pregnancy and had excessive BMI gain dur-
ing pregnancy (>8kg/m?) had the highest odds of cesarean delivery (adjusted OR, 2.49, 95% CI, 2.07-3.01),
whereas the corresponding ORs were still elevated but not as strong among women with excessive BMI gain
during pregnancy who were overweight or obese before pregnancy (P value for heterogeneity < 0.01).

Discussion
In this cohort study conducted among Chinese women, we found that maternal overweight/obesity prior to
pregnancy was independently associated with increased odds of cesarean section. This result was consistent with
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Pre-pregnancy BMI (kg/m?)*
Under weight (<18.5) 4,547 5,574 0.85(0.82-0.89) 0.83(0.79-0.86)
Normal (18.5-23.9) 18,251 26,271 1.00 (ref) 1.00 (ref)
Overweight (24-27.9) 842 2,035 1.68(1.55-1.82) 1.73(1.59-1.88)
Obese (>28) 74 297 2.79(2.16-3.60) 2.90(2.24-3.76)
GWG By IOM Recommendation*
Below 5,086 5,341 0.89(0.84-0.93) 0.90(0.86-0.95)
Within 7,898 9,371 1.00 (ref) 1.00 (ref)
Above 10,730 19,465 1.53(1.47-1.59) 1.45(1.40-1.51)
Gestational BMI gain (kg/m?)*
<4 4,052 4,300 1.00 (ref) 1.00 (ref)
4-6 6,961 8,176 1.11(1.05-1.17) 1.12(1.06-1.18)
6-8 7,497 10,747 1.35(1.28-1.42) 1.38(1.31-1.46)
>8 5,204 10,954 1.98(1.88-2.09) 2.01(1.90-2.12)
P for trend <0.01

Table 2. Associations of pre-pregnancy BMI, GWG, and gestational BMI gain with risk of cesarean section
"Adjusted for maternal age at delivery, education level, parity, offspring gender and birth weight. Additionally,
pre-pregnancy BMI and gestational BMI gain were mutually adjusted. GWG were also adjusted for pre-
pregnancy BMI.

Total GWG By IOM Recommendation*

Below 0.77(0.68-0.87) | 0.78(0.69-0.89) | 0.88(0.83-0.92) | 0.91(0.86-0.96) | 1.17(0.90-1.53) | 1.21(0.92-1.58) 0.02

Within 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Above 1.54(1.41-1.67) | 1.51(1.38-1.64) | 1.48(1.41-1.54) | 1.44(1.37-1.50) | 1.60(1.33-1.93) | 1.56(1.30-1.88)
Gestational BMI gain (kg/m?) *

<4 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

4-6 1.29(1.07-1.55) | 1.25(1.04-1.51) | 1.16(1.09-1.23) | 1.12(1.05-1.18) | 1.12(0.92-1.36) | 1.10(0.90-1.33) <0.01
6-8 1.65(1.38-1.98) | 1.60(1.33-1.92) | 1.43(1.35-1.52) | 1.35(1.28-1.44) | 1.53(1.24-1.89) | 1.49(1.21-1.85)

>8 2.62(2.18-3.16) | 2.49(2.07-3.01) | 2.10(1.97-2.23) | 1.95(1.83-2.07) | 2.06(1.58-2.67) | 1.92(1.47-2.51)

P for trend <0.01 <0.01 <0.01

Table 3. Associations of GWG and gestational BMI gain with risk of cesarean section stratified by pre-
pregnancy BMI. "Adjusted for maternal age at delivery, education level, parity, offspring gender and birth weight.

those of previous studies®'. Biologically, maternal overweight/obesity has been found to be associated with sev-
eral pregnancy complications and adverse birth outcomes that may greatly increase the likelihood of cesarean
section, such as hypertensive disorders of pregnancy and macrosomia!'2. However, in our study, despite exclud-
ing women with pregnancy complications, such as hypertensive disorders of pregnancy, and adjusting for birth
weight, the odds of cesarean section remained higher in overweight/obese women, which was consistent with
those of previous studies'. Compared to normal weight women, overweight/obese women are clinically indicated
for cesarean delivery due to complications during vaginal delivery and longer first stage of labour observed in this
population'. Additionally, previous studies have shown that women who were overweight or obese were more
likely to have anxiety or depressive symptoms during pregnancy'>'¢, which may also play a role in their elevated
risk for cesarean section.

Prior studies as well as this study have consistently shown that being overweight/obese prior to pregnancy
was associated with elevated risk of cesarean section. This finding can provide a potential mode of intervention to
reduce rates of cesarean sections. However, as there has been limited pre-pregnancy weight loss interventions for
women of reproductive age, increasing focus has been directed towards determining whether gestational weight
gain (GWG) may influence the likelihood of cesarean section and to what extent controlling GWG can reduce
this likelihood. Studies conducted in developed countries have shown that GWG was an independent risk factor
for cesarean section®', suggesting that as weight gain increased, the predicted probability of undergoing cesarean
section also increased. The strong association observed between increasing GWG and increasing odds of cesarean
section in our study was in accordance with the findings of previous studies. Our study indicated that excessive
total GWG was independently associated with significantly increased odds of cesarean section. As BMI has been
considered by some studies to be a better indicator of body fat than weight alone®, we also classified pregnancy
weight gain according to net change in BMI, and similarly, excessive BMI gain during pregnancy was shown to be
associated with elevated odds of cesarean section. Excessive weight gain during pregnancy might increase the risk
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of several adverse outcomes such as fetal distress, low birth Apgar score and large for gestational age births!®1°,
which may result in cesarean delivery. Furthermore, as excessive GWG may be associated with increased adipose
tissue and cholesterol deposits in the myometrium, which may in turn inhibit the myometrial contractility, thereby
potentially impeding the labour process, complicating vaginal delivery#?, and increasing the need for cesarean
delivery. Weight control may be much more feasibly achieved during pregnancy than before pregnancy because
while some women may not seek pre-pregnancy care, almost all women receive several antenatal care services.

Some evidence has suggested that pre-pregnancy BMI may modify the association between gestational weight
gain and mode of delivery!”. To explore this possibility, we analysed the association between weight gain and
cesarean section stratified by maternal pre-pregnancy BMI status and found a significant association between
excessive GWG during pregnancy and elevated odds of cesarean section across all pre-pregnancy BMI statuses.
When comparing the adjusted odds ratios, women who were underweight before pregnancy with excessive BMI/
weight gain during pregnancy had greater odds of cesarean delivery than did overweight/obese woman with
excessive BMI gain during pregnancy. This result is consistent with the findings of a previous study conducted
in the USA, which indicated that women with normal pre-pregnancy BMI and excessive weight gain during
pregnancy had a greater risk of cesarean section compared with their obese counterparts®. This result suggests
that weight control counselling is not only necessary for obese or overweight women but for women of any
pre-pregnancy BMI status, as significantly greater odds of cesarean delivery were consistently identified in asso-
ciation with excessive GWG regardless of pre-pregnancy BMI status.

This was a cohort study with a relatively large sample size, which allowed us to control for some potential con-
founding factors that may be associated with mode of delivery. However, some limitations should be noted when
interpreting the results of our study. Firstly, pre-pregnancy weight was assessed based on subject recall, which
may have resulted in recall bias. However, given that the pre-pregnancy weight data were collected during the first
trimester (before birth outcomes were known), the potential misclassification was likely to be non-differential.
Secondly, we were not able to distinguish between elective and emergency cesarean deliveries in our study due to
alack of relevant data, and further prospective research in this area is reccommended.

In conclusion, we conducted a population-based cohort study in China to explore the associations between
pre-pregnancy BMI and GWG and the odds of cesarean section. We found that pre-pregnancy BMI, GWG,
and gestational BMI gain were all independently associated with increased odds of cesarean section. Our results
indicate that maternal overweight/obesity, GWG, and gestational BMI gain should be considered in concert to
reduce the likelihood of cesarean section. Weight restrictions before and during pregnancy are both important in
reducing the rate of cesarean sections; promoting weight and BMI control may be particularly important during
pregnancy as it is much more feasible during pregnancy than pre-pregnancy. The findings of our study suggest
that weight control during pregnancy should be included in routine prenatal care.

Methods

Study Population. This was a cohort study conducted in Wuhan, China. We used the data from the
Maternal and Children Healthcare Information Tracking System of Wuhan, which includes information on
maternal demographic characteristics, medical history, prenatal examinations and delivery information from
all 93 hospitals and 121 community health centres in Wuhan. Women who lived in the urban areas of Wuhan
during pregnancy and who delivered a singleton infant at 37-42 gestational weeks between January 2012 and
June 2013 were eligible for inclusion in our study. Women with chronic diseases (i.e., diabetes, hypertension and
heart disease) identified prior to or during pregnancy and who gave birth to a stillborn infant or an infant with
birth defects were excluded. Additionally, participants with missing anthropometric data (i.e., maternal height,
pre-pregnancy weight and weight at delivery) were excluded.

A total of 57,891 women met the eligibility criteria and were included in this study. The research protocol
was approved by the Medical Ethics Committee of the School of Public Health, Tongji Medical College, and all
methods applied in this study were carried out in accordance with the approved guidelines. Informed consent was
obtained from all subjects before participation.

Assessment of study variables. Information on delivery mode was obtained from birth records. Both pri-
mary and repeat cesarean sections were included in the outcome measure. The birth weight and gender of the
infants were obtained from birth records. Gestational age was calculated based on the delivery date and the date
of the last recorded normal menstrual period. Pre-pregnancy weight and height were self-reported during the first
antenatal care visit (usually during the first trimester). Pre-pregnancy BMI was calculated as weight (kg)/height (m?)
and then categorized into four groups based on the recommendations of the Working Group on Obesity in China:
underweight (<18.5kg/m?), normal weight (18.5-23.9kg/m?), overweight (24-27.9kg/m?), or obese (>28kg/m?)*'.

Maternal weight at delivery was measured within 3 days before the delivery date. GWG was calculated by
subtracting the pre-pregnancy weight from the maternal weight at delivery and then categorized according to
the recommendations of the Institute of Medicine (IOM) (2009)*2. GWG within the IOM recommendations was
defined as gains of 12.5-18kg, 11.5-16 kg, 7-11.5kg, and 5-9 kg for underweight, normal weight, overweight, and
obese women, respectively.

Gestational BMI gain was categorized as class I (<4.0kg/m?), class II (4.0-5.9 kg/m?), class III (6.0-7.9 kg/m?),
or class IV (> 8kg/m?) based on the results of our previous study?. Each one point increase in BMI was roughly
equivalent to a 2.5kg gain in weight, as determined using the Chinese national average weight and height for
females of reproductive age (158 cm, 54kg)*!.

Statistical Analysis. Unconditional logistic regression analyses were conducted to calculate odds
ratios (ORs) and 95% confidence intervals (CIs) for the associations between cesarean section and maternal
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pre-pregnancy BMI, GWG and BMI gain during pregnancy. The regression models were adjusted for variables
reported to be associated with the likelihood of cesarean section in previous studies, including infant gender,
birth weight, maternal age, parity, and education level. The models evaluating maternal pre-pregnancy BMI
and BMI/weight gain during pregnancy were mutually adjusted. Analyses were further stratified by maternal
pre-pregnancy BMI categories, and we evaluated potential interactions between predictor variables by including
relevant cross-product terms in the logistic regression models. Linear trends were tested using the Wald test.
Statistical analyses were conducted using SAS, version 9.4, (SAS Institute, Inc., Cary, North Carolina), and a P
value < 0.05 was considered statistically significant.
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