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Objective: The effects of Pre-pregnancy body mass index (BMI) and gestational 
weight gain (GWG) in primiparas remain unclear. This study examines the 
associations of pre-pregnancy BMI and GWG with cesarean delivery after 
induction (CDaI) in primiparous women.

Methods: This prospective cohort study included 3,054 primiparous women. 
We recorded pre-pregnancy BMI, first, second, and third trimester weight values, 
as well as instances of CDaI and other pregnancy outcomes. We  analyzed 
the associations of pre-pregnancy BMI and GWG with CDaI by conducting 
a multivariate logistic regression analysis after adjusting for covariates, and 
adjusted risk ratios (aRR) and 95% confidence intervals were reported.

Results: We recorded 969 CDaIs. In the vaginal delivery group, each increase of 
1 standard deviation in the pre-pregnancy BMI was correlated with a 6% increase 
in the CDaI risk [aRR (95% CI), 1.06 (1.01–1.11)]. Each increase of 1 standard 
deviation in the rate of weight gain during the entire pregnancy was correlated 
with a 21% increase in the CDaI risk [aRR (95% CI), 1.21 (1.14–1.29)]. Compared to 
women with a normal weekly GWG in the second and third trimester, those with 
slow GWG had a 19% increased risk of CDaI [aRR (95% CI), 1.19 (1.01–1.37)]. The 
subgroup analysis results showed that increases in pre-pregnancy BMI could 
increase the CDaI risk regardless of the induction method.

Conclusion: High pre-pregnancy BMI, excessive GWG, and rapid first trimester 
weight gain are risk factors for CDaI in primiparous women. Excessive first 
trimester weight gain, may associated with increased risks of CDaI in primiparous 
women.
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1 Introduction

Cesarean delivery after induction (CDaI) is used to describe 
instances in which a decision is made to switch from vaginal delivery 
after induction to cesarean section due to fetal distress, abnormal 
labor circumstances, or other clinical indications. Although 
induction of labor (IoL) itself does not increase the rate of cesarean 
sections (1), the CDaI incidence has increased alongside increases 
in IoL rates (2, 3) and has reached a percentage as high as 29.4% (4). 
CDaI is an important approach for resolving difficult labor 
situations, but the procedure carries greater risks than a planned 
cesarean delivery (PCD). The short-term risks of CDaI may include 
maternal uterine incision tears, postpartum hemorrhage, puerperal 
infection, the need for blood transfusion, hysterectomy, venous 
thromboembolism, neonatal complications, and infant sepsis (5, 6). 
In the long term, CDaI may lead to pregnancies at the uterine scar 
site, placenta previa, and the need for repeat cesarean sections as a 
form of delivery. The medical cost of CDaI is significantly higher 
than that of natural delivery or PCD, and a CDaI may have potential 
physiological and negative mental effects on the pregnant woman 
and her family members (7). Decreasing the occurrence of CDaI 
cannot be achieved solely by preventing IoL; instead identifying 
pre-pregnancy and prenatal risk factors for interventions 
is necessary.

Risk factors associated with CDaI have been reported, including 
older maternal age, shorter height, pre-pregnancy obesity, greater 
gestational weight gain (GWG), cervical length, neonatal gender, and 
weight (8, 9). Pre-pregnancy obesity and weight gain during 
pregnancy are important CDaI modifiable risk factors (4, 9). However, 
the publications on relevant population studies have limitations. For 
one, most studies are restricted to primiparas (10). Moreover, the 
published reports have focused on a single IoL method (11). There is 
a lack of research on the associations of CDaI with weight gain and 
weight gain rate in primiparas before pregnancy or at different stages 
during pregnancy. We designed a prospective cohort study to evaluate 
the associations between CDaI in primiparas and their pre-pregnancy 
BMI, GWG, and weight gain rates in different pregnancy periods. 
These findings may provide some novel evidence to implement 
strategies for the eventual reduction of CDaI among primiparas.

2 Materials and methods

2.1 Participants

The participants of this study were pregnant women receiving 
prenatal check-ups and delivered at the Songjiang District Maternal 
and Child Health Hospital in Shanghai from January 2020 to 
December 2022. Primiparas with medical record data on maternal 
pre-pregnancy BMI, GWG, IoL, and way of delivery were included. 
Those who met any one of the following criteria were excluded: 
multiparous women; gestational age < 37 weeks; multiple gestation; 
hyperemesis gravidarum causing weight loss in early pregnancy; 
non-cephalic presentation; premature rupture of membranes; cesarean 
section with abnormal birth canal, scarred uterus, relative or absolute 
indications for cesarean section such as placenta previa, lack of desire 
for attempting vaginal delivery; disagreement with induction of labor; 
or allergies to labor induction drugs. The research protocol was 

approved by the hospital ethics committee (approval number: 
20210201), and all participants signed written informed consent forms.

2.2 Definition of outcomes

We defined CDaI as a case in which a pregnant woman undergoing 
IoL develops indications for cesarean delivery (CD), such as abnormal 
fetal heart rate, abnormal labor, abnormal fetal position, or 
chorioamnionitis. CD were performed after obtaining the consent of 
the pregnant woman and her family. IoL refers to the use of drugs and 
other means to initiate labor for the purpose of delivery before the 
onset of natural labor. This can include administration of intravenous 
oxytocin, artificial rupture of membranes, insertion of cervical water 
sacs, administration of prostaglandin preparations, or other 
interventions. The indications and timing of IoL in this study were 
based on the 2020 Chinese “Expert Consensus on Timing of 
Termination of Pregnancy Complications and Comorbidities” (12).

2.3 Exposures and covariates

The main exposures in this study were pre-pregnancy BMI and 
GWG, and the GWG rate. Pre-pregnancy BMI was provided by 
participants and verified against weight data during pre-pregnancy 
examinations. We  classified the GWG of participants as either 
inadequate, within guidelines, or excessive according to the Chinese 
Nutrition Society standards “Chinese women gestational weight gain 
monitoring and evaluation” (T/CNSS-009-2021, Supplementary  
Table S1) (13). The height and weight of pregnant women were 
measured using hospital equipment (Omron weighing scale 
HNH-219). During measurements, the participants took their shoes 
and thick coats off, and the height and weight values were precise to 1 
decimal place.

We included covariates such as age, height, gestational age, IoL 
method, labor analgesia (binary variable, yes or no), Doula delivery 
(binary variable, yes or no), gestational diabetes mellitus (GDM, 
binary variable, yes or no), and hypertensive disorders of pregnancy 
(HDP, binary variable, yes or no) for this study, which were leveraged 
from the electronic medical record system. Doulas provide 
professional and humane services to mothers by full-time dedicated 
personnel to achieve sustained and significant non-drug labor 
analgesia. All participants underwent screening for gestational 
diabetes mellitus (GDM), with a 75-g oral glucose tolerance test 
(OGTT) performed at 24 to 28 weeks of gestation. The blood glucose 
thresholds during fasting, and at 1 and 2 h after oral glucose were 5.1, 
10.0, and 8.5 mmol/L, respectively. GDM was diagnosed if the blood 
glucose values reached or exceeded these standards at any time point. 
We recorded instances of hypertensive disorders of pregnancy (HDP), 
including gestational hypertension, preeclampsia, chronic 
hypertension, and chronic hypertension with superimposed  
preeclampsia.

2.4 Statistical analysis

We expressed normally distributed continuous variables as means 
(standard deviations [SDs]) and non-normally distributed variables 
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as medians (inter-quartile ranges [IQRs]). Normality was assessed by 
visual inspection of frequency histograms. We summarized categorical 
variables as frequencies and percentages, and compared using the 
chi-square tests. Comparisons between data for continuous variables 
in the vaginal delivery group and the CDaI group were performed 
using 2-tailed unpaired Student’s t-tests or Mann–Whitney U tests 
depending on normality. Missing data for exposures and covariates 
were imputed by multiple imputations using chained equations based 
on the assumption that the data were missing at random. Ten imputed 
data sets were generated, with the results combined using the Rubin 
rule (14).

Our primary aim was to investigate the associations of GWG 
levels with the CDaI risk. We used generalized linear models with a 
binomial family with a log link function, treating GWG (rescaled by 
1 SD) as continuous variables to estimate crude and adjusted risk 
ratios (aRRs) and 95% confidence intervals (CIs). The adjusted 
covariates included maternal age, gestational week, assisted 
reproductive technology, epidural labor analgesia, doula-
accompanied delivery, GDM, and HDP. In secondary analyses, 
we investigated the associations of Pre-pregnancy BMI, GWG, and 
GWG rate at the first trimester and during the total with the CDaI 
risk. Considering the IoL method was one of the most common 
clinical factors related to CDaI, we conducted sub-group analyses in 
the pregnant women undergoing different IoL methods, according 
to the 2014 Chinese “Guidelines for Cervical Ripening and Induction 
of Labor in Late Pregnancy” (15). Detailed definitions of the IoL 
method were summarized in Supplementary Table S2. As the sample 
size in the IoL method 3 sub-group was small, we  performed 
sub-group analyses only IoL method 1 and IoL method 2. In addition, 
to provide more robust findings, we performed subgroup analysis 
stratified by BMI category in evaluation of the associations of GWG 
with CDaI risk. Statistical analyses were performed by Stata version 
16.0, and all statistical tests were 2-sided at a significance level 
of 0.05.

3 Results

A total of 3,467 participants were recruited for this study. After 
excluding women who underwent PCD without IoL (n = 307), those 
who delivered prematurely (n = 84), or who had stillborns (n = 4), 
participants who did not undergo prenatal examination (n = 18), 3,054 
pregnant women were finally included in the analysis. CDaI was 
performed in 969 participants (31.7%), and the remaining participants 
underwent vaginal delivery.

The mean (SD) age of participants in this study was 28.1 years 
(±3.6) while the mean (SD) ages of women in the vaginal delivery 
and CDaI groups were 27.8 years (3.5) and 28.4 years (±3.7), 
respectively. The mean age of the vaginal delivery group was lower 
than that in the CDaI group (p < 0.001) (Table  1). The mean 
gestational age for participants in the vaginal delivery group who 
received IoL [39.6 weeks (±1.0)] was similar to that of the CDaI 
group [39.7 weeks (±1.0)]. Compared with the vaginal delivery 
group, the proportions of participants who underwent assisted 
reproductive technology, had a gestational hypertensive disease, 
underwent Foley bulb induction, and underwent artificial 
membrane rupture were all significantly higher in the CDaI group 

(3.0% vs. 5.8%, 5.5% vs. 7.5%, 14.6% vs. 25.2%, and 99.2% vs 
97.1%, respectively; p < 0.05 for all). By contrast, the proportion of 
patients who underwent neuraxial labor analgesia and doula 
delivery was lower (82.7% vs. 59.4% and 57.1% vs. 12.1%, 
respectively; p < 0.05 for all). We found similar incidences of GDM 
in the two groups. The pre-pregnancy BMI, early trimester weight 
gain, and GWG rate of the participants in the CDaI group were 
significantly higher than those in the vaginal delivery group (mean 
[SD] 22.3 kg/m2 [±3.3] vs. 21.3 kg/m2 [±3.0], 1.7 kg [±3.6] vs. 
1.4[±4.1] kg, 0.13 kg/week [±0.2] vs. 0.11[±0.3] kg/week, 
respectively; p < 0.05).

As shown in Table 2, each 1 kg/m2 increase in the pre-pregnancy 
BMI was associated with a 6% increase in the CDaI risk, with a crude 
RR (95% CI) of 1.06 (1.04–1.08), p < 0.001. After adjusting for 
covariates, the results remained significant with an aRR (95% CI) of 
1.05 (1.03–1.07), p < 0.001. Compared to participants with normal 
pre-pregnancy weight, obese participants had a 35% increased risk of 
CDaI with an aRR (95% CI) of 1.35 (1.03–1.76), and p  = 0.027. 
Conversely, the risk of CDaI in underweight participants shown a 
30% decrease with an aRR (95% CI) of 0.70 (0.56–0.89), and 
p = 0.003.

Each 1 SD increase in GWG during the first trimester was 
associated with a 6% higher risk of CDaI with an aRR (95% CI) of 1.06 
(1.01–1.11), and p = 0.019. Compared with participants with a normal 
GWG in the first trimester, the risk of CDaI in participants with rapid 
GWG was increased by 25% with an aRR (95% CI) of 1.25 (1.08–1.44), 
and p = 0.019. The rate of GWG in the first trimester was also positively 
associated CDaI risk (aRR [95% CI] per 1 SD increase: 1.20 (1.03–
1.39), p = 0.019). Each increase in weight of 1 SD throughout 
pregnancy was associated with a 21% increase in the risk of CDaI with 
an aRR (95% CI) of 1.21 (1.14–1.29), and p < 0.001. Compared to 
women with normal weekly weight gains throughout their pregnancy, 
those with slow weight gain during their pregnancy had a 19% 
increased risk of CDaI, with an aRR (95% CI) of 1.19 (1.01–1.37), and 
p = 0.040.

In the normal pre-pregnancy BMI sub-group, each 1 SD increase 
in GWG and excessive GWG status during the first trimester were 
associated with a 10 and 22% higher risk of CDaI with aRRs (95% CIs) 
of 1.10 (1.01–1.20) and 1.22(1.02–1.45), and p values of 0.027 and 
0.025, respectively (Table 3). Similar positive associations of each 1 SD 
increase in total GWG levels and rate of GWG at the first trimester 
with CDaI risk were observed (aRRs [95% CIs] were 1.20[1.11–1.30] 
and 1.38[1.04–1.84], p values were < 0.001 and 0.027, respectively). In 
the low and high pre-pregnancy BMI sub-groups, each 1 SD increase 
in total GWG was associated with a 36 and 19% higher risk of CDaI 
with aRRs (95% CIs) of 1.36 (1.07–1.73) and 1.19 (1.05–1.34), and p 
values were 0.013 and 0.005, respectively.

In the IoL method 1 subgroup, each 1 kg/m2 increase in 
pre-pregnancy BMI was associated with a 6% increased risk of 
CDaI, with an aRR (95% CI) 1.06 (1.02–1.11), and p = 0.006 
(Table 4). Compared with participants with normal pre-pregnancy 
weight, those who were underweight had a 42% lower risk of 
CDaI, with an aRR (95% CI) of 0.58 (0.35–0.98), and p = 0.041. In 
the IoL method 2 subgroup, each 1 kg/m2 increase in pre-pregnancy 
BMI was associated with a 5% increased risk of CDaI, with an aRR 
(95% CI) of 1.05 (1.03–1.08), and p < 0.001 (Table 5). Compared 
to participants with normal pre-pregnancy weight, obese women 
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had a 42% increased risk of CDaI with an aRR (95% CI) of 1.42 
(1.02–1.99), and p = 0.040. By contrast, underweight participants 
had a reduced 32% risk of CDaI with an aRR (95% CI) of 0.68 
(0.50–0.90), and p = 0.012. Each weight increase of 1 SD during the 
entire pregnancy was associated with a 25% increase in the CDaI 
risk with an aRR (95% CI) of 1.25 (1.15–1.36), and p < 0.001.

4 Discussion

This prospective cohort study examined the associations of 
pre-pregnancy BMI, GWG, and GWG rate at different pregnancy 
stages in primiparous individuals with CDaI. We found that increased 
pre-pregnancy BMIs, high GWGs, and rapid GWGs in the first 

TABLE 1 Baseline characteristics of the study population.

Characteristics Total Vaginal delivery group CDaI group P

N 3,054 2,085 969

Age (years), mean (SD) 28.1 (3.6) 27.8 (3.5) 28.4 (3.7) <0.001

Missing, n (%) 6 (0.2) 6 (0.3) 0

Gestation week of delivery, mean (SD) 39.6 (0.9) 39.6 (1.0) 39.7 (1.0) 0.07

Pre-pregnancy BMI (kg/m2), mean (SD) 21.6 (3.1) 21.3 (3.0) 22.3 (3.3) <0.001

Underweight (BMI < 18.5 kg/m2), n (%) 383 (12.5) 298 (14.3) 85 (8.8) <0.001

Normal weight (18.5 kg/m2 ≤ BMI < 24 kg/m2), n (%) 2084 (68.2) 1,437 (68.9) 647 (66.8)

Overweight (24 kg/m2 ≤ BMI. < 28 kg/m2), n (%) 443 (14.5) 273 (13.1) 170 (17.5)

Obese (BMI ≥ 28 kg/m2), n (%) 144 (4.7) 77 (3.7) 67 (6.9)

ART, n (%) 119 (3.9) 63 (3.0) 56 (5.8) <0.001

Missing, n (%) 8 (0.3) 2 (0.1) 6 (0.6)

Epidural labor analgesia, n (%) 2,300 (75.3) 1724 (82.7) 576 (59.4) <0.001

Missing, n (%) 20 (0.7) 3 (0.1) 17 (1.8)

Doula-accompanied delivery, n (%) 1,307 (42.8) 1,190 (57.1) 117 (12.1) <0.001

Missing, n (%) 11 (0.4) 1 (0.05) 10 (1.4)

GDM, n (%) 671 (22.0) 446 (21.4) 225 (23.2) 0.26

HDP, n (%) 188 (6.2) 115 (5.5) 73 (7.5) 0.031

Foley bulb, n (%) 549 (18.0) 305 (14.6) 244 (25.2) <0.001

Missing, n (%) 12 (0.4) 2 (0.1) 10 (1.4)

Amniotomy, n (%) 3,009 (98.5) 2068 (99.2) 941 (97.1) 0.013

Missing, n (%) 9 (0.3) 3 (0.1) 6 (0.9)

Oxytocin, n (%) 2,641 (86.5) 1822 (87.4) 819 (84.5) 0.14

Missing, n (%) 10 (0.3) 2 (0.1) 8 (1.1)

GWG

At first trimester (kg), mean (SD) 1.5 (3.9) 1.4 (4.1) 1.7 (3.6) 0.042

Inadequate, n (%) 794 (26.0) 574 (27.5) 220 (22.7) 0.007

Within guidelines, n (%) 1,175 (38.5) 801 (38.4) 374 (38.6)

Excessive, n (%) 1,085 (35.5) 710 (34.1) 375 (38.7)

Total pregnancy (kg), mean (SD) 11.4 (7.0) 11.3 (7.1) 11.7 (6.8) 0.10

Inadequate, n (%) 885 (29.0) 626 (30.0) 261 (26.9) 0.14

Within guidelines, n (%) 1,068 (35.0) 578 (27.7) 259 (26.7)

Excessive, n (%) 1,101 (36.1) 881 (42.3) 449 (46.3)

Rate of GWG

At first trimester (kg/week), mean (SD) 0.11 (0.3) 0.11 (0.3) 0.13 (0.2) 0.044

At second and third trimester (kg/week), mean (SD) 0.37 (0.3) 0.37 (0.3) 0.38 (0.2) 0.67

Low, n (%) 922 (30.2) 641 (30.7) 281 (29.0) 0.55

Normal, n (%) 846 (27.7) 578 (27.7) 268 (27.7)

High, n (%) 1,286 (42.1) 866 (41.5) 420 (43.3)

BMI, body mass index; GWG, gestational weight gain; HDP, hypertensive disorders of pregnancy; ART, assisted reproductive techniques; SD, standard deviation.
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trimester were associated with 6, 21, and 26% increases in the CDaI 
risk, respectively. High pre-pregnancy BMI, high GWG, and rapid 
GWG in the first trimester may be risk factors for CDaI in primiparous 
women, suggesting that maintaining an appropriate pre-pregnancy 
BMI and reasonable control of weight increases during pregnancy 
may decrease the incidence of CDaI in primiparas.

Pregnancy weight has received increasing attention with studies 
reporting on the associations of pre-pregnancy BMI and GWG with 
GDM, HDP, offspring development, and other variables (16–18). 
However, there is a paucity of studies focusing on weight and the 
CDaI risk, and even fewer among primiparas. The incidence of 
CDaI in primiparous women is usually higher than in multiparous 
women (19), and clarifying the mechanisms for this difference is 
important to reduce the incidence of CDaI. However, studies on the 
associations of pre-pregnancy BMI and GWG with CDaI have 
reached different conclusions. In their study, Kwon et al. (20) found 
that women who were overweight, obese, and extremely obese 
pre-pregnancy had a significantly increased risk of CDaI, and 
extremely obese women had the greatest risk. Wolfe et  al. (21) 
found that obesity is an independent risk factor for CDaI, and that 
the highest risk occurs in women with a BMI greater than 40 kg/m2. 
These findings are consistent with our results. We found that higher 
pre-pregnancy BMI levels were associated with increased risk of 
CDaI. Compared with women presenting normal pre-pregnancy 

weight, obese individuals had a 35% increased risk of CDaI, while 
underweight individuals had a reduced 31% risk of CDaI. In 
another prospective cohort study on 6,959 Dutch women (22) the 
GWGs in the second and third trimesters were not associated with 
CD. However, in a retrospective cohort study with American 
Samoan women, Hawley et al. (23) found that GWGs in the second 
trimester were positively correlated with CD, whereas GWGs in the 
third trimester showed no correlation. A study by Haile et al. (24) 
showed that nearly half of the pregnant women in their study had 
GWGs higher than the recommended guidelines by the Institute of 
Medicine (IOM), and approximately 13.6% of them underwent 
CDaI. Women with excessive GWGs had a higher risk of CDaI than 
those with normal GWGs. However, these studies did not consider 
the GWG rates, and the study cohorts included more than just 
primiparas. We found that each 1 SD increase in total GWG was 
associated with a higher risk of CDaI, no matter the level of 
pre-pregnancy BMI. In addition, each 1 SD increase in GWG and 
rate of GWG at the first trimester with CDaI risk were observed in 
the normal preconception BMI sub-group.

The mechanisms for the association between a high BMI and the 
risk of CDal have not been fully elucidated. We  propose three 
mechanisms that may be crucial for the association of high BMIs with 
the CDaI risk: (1) Cephalopelvic disproportion due to macrosomia in 
obese pregnant women (25). (2) Fat accumulation in the birth canal 

TABLE 2 Association analyses of pre-pregnancy BMI and GWG with CDaI risk.

Variables Case/total (%) Crude RR P Adjusted RR P

Pre-pregnancy BMI 1.06 (1.04–1.08) <0.001 1.05 (1.03–1.07) <0.001 a

Underweight (BMI < 18.5 kg/m2), n (%) 85/383 (22.1) 0.71 (0.57–0.89) 0.004 0.70 (0.56–0.89) 0.003 a

Normal weight (18.5 kg/

m2 ≤ BMI < 24 kg/m2), n (%)

647/2084 (31.0) Ref Ref

Overweight (24 kg/m2 ≤ BMI  

< 28 kg/m2), n (%)

170/443 (38.4) 1.24 (1.04–1.46) 0.014 1.13 (0.95–1.35) 0.15 a

Obese (BMI ≥ 28 kg/m2), n (%) 67/144 (46.5) 1.50 (1.16–1.93) 0.002 1.35 (1.03–1.76) 0.027 a

GWG

At first trimester (per 1 SD, kg) 1.05 (0.99–1.10) 0.09 1.06 (1.01–1.11) 0.019 b

Inadequate, n (%) 220/794 (27.7) 0.87 (0.74–0.98) 0.031 1.03 (0.87–1.22) 0.72 b

Within guidelines, n (%) 374/1175 (31.8) Ref Ref

Excessive, n (%) 375/1085 (34.6) 1.08 (0.94–1.25) 0.26 1.25 (1.08–1.44) 0.003 b

Total pregnancy (per 1 SD, kg) 1.17 (1.10–1.24) <0.001 1.21 (1.14–1.29) <0.001 b

Inadequate, n (%) 259/885 (29.3) 0.87 (0.74–1.03) 0.10 1.11 (0.95–1.31) 0.19 b

Within guidelines, n (%) 357/1068 (33.4) Ref Ref

Excessive, n (%) 353/1101 (32.1) 0.96 (0.83–1.11) 0.58 1.07 (0.92–1.24) 0.37 b

Rate of GWG

At first trimester (per 1 SD, kg/week) 1.17 (0.97–1.40) 0.09 1.20 (1.03–1.39) 0.019 b

At second and third trimester (per 1 SD, 

kg/week)

1.04 (0.82–1.32) 0.73 0.88 (0.69–1.12) 0.29 b

Low, n (%) 281/922 (30.5) 0.96 (0.81–1.13) 0.65 1.19 (1.01–1.37) 0.040 b

Normal, n (%) 268/846 (31.7) Ref Ref

High, n (%) 420/1286 (32.7) 1.03 (0.88–1.20) 0.70 1.04 (0.99–1.39) 0.06 b

a, adjusted for age, gestational week, ART, epidural labor analgesia, doula-accompanied delivery, GDM, HDP, Water sac, amniotomy and oxytocin; b, adjusted for pre-pregnancy BMI, age, 
gestational week, ART, epidural labor analgesia, doula-accompanied delivery, GDM, HDP, Foley bulb, amniotomy and oxytocin; Ref, reference group.
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TABLE 3 Association analyses for GWG with CDaI risk stratified by pre-pregnancy BMI status.

Subgroup GWG Cases/total (%) Adjusted RR P

Normal pre-pregnancy BMI At first trimester (per 1 SD, kg) 1.10 (1.01–1.20) 0.027

Inadequate, n (%) 259/824 (40.0) 0.99 (0.80–1.45) 0.94

Within guidelines, n (%) 139/531 (21.5) Ref

Excessive, n (%) 249/729 (38.5) 1.22 (1.02–1.45) 0.025

Total pregnancy (per 1 SD, kg) 1.20 (1.11–1.30) <0.001

Inadequate, n (%) 181/603 (28.0) 1.31 (1.06–1.63) 0.013

Within guidelines, n (%) 170/571 (26.3) Ref

Excessive, n (%) 296/910 (45.7) 1.17 (0.97–1.42) 0.09

Rate of GWG

At first trimester (per 1 SD, kg/week) 1.38 (1.04–1.84) 0.027

At second and third trimester (per 1 SD, 

kg/week) 0.79 (0.57–1.09) 0.16

Low, n (%) 198/606 (30.6) 1.23 (1.01–1.51) 0.043

Normal, n (%) 183/608 (28.3) Ref

High, n (%) 266/870 (41.1) 1.07 (0.88–1.29) 0.49

Low pre-pregnancy BMI At first trimester (per 1 SD, kg) 1.13 (0.91–1.40) 0.24

Inadequate, n (%) 31/146 (21.2) 1.10 (0.53–2.30) 0.80

Within guidelines, n (%) 10/66 (15.1) Ref

Excessive, n (%) 44/171 (35.7) 1.47 (0.91–2.38) 0.12

Total pregnancy (per 1 SD, kg) 1.36 (1.07–1.73) 0.013

Inadequate, n (%) 36/136 (42.3) 0.86 (0.49–1.52) 0.61

Within guidelines, n (%) 21/121 (24.7) Ref

Excessive, n (%) 28/126 (33.0) 0.95 (0.57–1.60) 0.85

Rate of GWG

At first trimester (per 1 SD, kg/week) 1.52 (0.75–3.03) 0.24

At second and third trimester (per 1 SD, 

kg/week) 0.80 (0.32–2.00) 0.64

Low, n (%) 35/148 (41.2) 1.10 (0.65–1.88) 0.72

Normal, n (%) 26/133 (30.6) Ref

High, n (%) 24/102 (28.2) 1.09 (0.63–1.86) 0.76

High pre-pregnancy BMI At first trimester (per 1 SD, kg) 1.03 (0.96–1.11) 0.37

Inadequate, n (%) 84/205 (35.4) 1.09 (0.78–1.51) 0.62

Within guidelines, n (%) 71/197 (30.0) Ref

Excessive, n (%) 82/185 (34.6) 1.33 (0.97–1.82) 0.07

Total pregnancy (per 1 SD, kg) 1.19 (1.05–1.34) 0.005

Inadequate, n (%) 140/329 (59.1) 0.99 (0.72–1.35) 0.95

Within guidelines, n (%) 68/193 (28.7) Ref

Excessive, n (%) 29/65 (12.2) 0.93 (0.57–1.52) 0.77

Rate of GWG

At first trimester (per 1 SD, kg/week) 1.11 (0.88–1.41) 0.37

At second and third trimester (per 1 SD, 

kg/week) 0.96 (0.61–1.51) 0.85

Low, n (%) 35/92 (14.8) 1.18 (0.78–1.78) 0.42

Normal, n (%) 72/181 (30.4) Ref

High, n (%) 130/314 (54.8) 1.01 (0.69–1.48) 0.95

Normal, low and high pre-pregnancy BMI represented the BMI < 18.5 kg/m2, 18.5–24.0 kg/m2, and ≥ 24.0 kg/m2.
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of obese pregnant women causes tissue thickening and reduction of 
birth canal space. This in turn would increase the delivery resistance 
obstructing the head descent and rotation. (3) The high cholesterol 
and low leptin levels usually associated with high BMIs may have 
negative effects on uterine contraction strength due to their effects on 
the oxytocin receptor or calcium channel blockade (26). We  also 
found that the risk of CDaI is decreased in participants with lower 
pre-pregnancy BMIs compared with those with normal 
pre-pregnancy BMI.

The delivery method of primiparous women strongly 
influences their delivery method for subsequent pregnancies. 
Therefore, studies on pre-pregnancy weight and GWG in 
primiparous individuals are important. High-fat, high-glucose, 
and high-calorie foods are now common in daily diets. The habit 
of increased mobile phone and computer use with insufficient 
amounts of exercise, fatty, sugary, and high-calorie diets cause 
difficulties in maintaining pre-pregnancy weights within 
appropriate ranges. Only approximately 60% of women consider 
weight control an important part of their pre-pregnancy plans 
(27). The situation of GWG is also worrying, according to a survey 
(28), more than half of pregnant women believe that eating 
without restraint during pregnancy will help the fetus get enough 
nutrition. Some pregnant women have insufficient knowledge 
about the importance of exercise during pregnancy, and 
population educational strategies are needed. GWG can 
be controlled through lifestyle interventions during pregnancy 
(29). Regardless of the level of BMI during pregnancy, pregnant 
women should pay more attention to GWG, especially control the 

rate of GWG at the first trimester. In 2009, the U.S. IOM published 
GWG guidelines (30). In addition, the World Health Organization 
(31) recommends that all pregnant women without 
contraindications should engage in at least 150 min of moderate-
intensity aerobic activity per week during pregnancy as a 
beneficial intervention to optimize maternal and fetal outcomes. 
However, excessive GWG is very common among women in all 
pre-pregnancy BMI categories. Only one-third of pregnant women 
worldwide fall within the appropriate weight gain ranges (32). A 
cohort study in Ireland found that only a small fraction of 
overweight and obese pregnant women met exercise 
recommendations (33). We  studied the associations of 
pre-pregnancy BMI and GWG rate in different trimesters with the 
risk of CDaI, to obtain evidence important to promote effective 
weight management during prenatal or first obstetrics 
examinations in primiparas to reduce their risk of CDaI.

4.1 Strengths and limitations

To the best of our knowledge, this is the first prospective cohort 
study focusing on the pre-pregnancy BMI, GWGs, and GWG rate 
during pregnancy in primiparas with CDaI risk, which may have 
important clinical implications. However, there were some limitations. 
First, we could not rule out some potential confounding factors in our 
study. For instance, some pregnant women develop third trimester 
edema leading to apparent weight gain, but we failed to distinguish 
these cases from those with weight gains due to other causes. Second, 

TABLE 4 Association analyses for the pregnant women with IoL by method 1 (n  =  511).

Variables Cases/total (%) Adjusted RR P

Pre-pregnancy BMI 1.06 (1.02–1.11) 0.006a

Underweight (BMI < 18.5 kg/m2), n (%) 18/61 (29.5) 0.58 (0.35–0.98) 0.041a

Normal weight (18.5 kg/m2 ≤ BMI < 24 kg/m2), n (%) 138/335 (41.2) Ref

Overweight (24 kg/m2 ≤ BMI < 28 kg/m2), n (%) 56/95 (58.9) 1.21 (0.88–1.66) 0.24a

Obese (BMI ≥ 28 kg/m2), n (%) 12/20 (60.0) 1.37 (0.73–2.56) 0.29a

GWG

At first trimester (per 1 SD, kg) 1.11 (0.96–1.27) 0.16b

Inadequate, n (%) 55/139 (40.0) 1.17 (0.82–1.68) 0.38b

Within guidelines, n (%) 79/187 (42.2) Ref

Excessive, n (%) 90/185 (48.6) 1.32 (0.96–1.79) 0.08b

Total pregnancy (per 1 SD, kg) 1.12 (0.98–1.29) 0.08b

Inadequate, n (%) 63/152 (41.4) 1.14 (0.96–1.34) 0.13b

Within guidelines, n (%) 86/168 (51.2) Ref

Excessive, n (%) 75/191 (39.3) 1.09 (0.93–1.26) 0.28b

Rate of GWG

At first trimester (per 1 SD, kg/week) 1.39 (0.87–2.12) 0.16b

At second and third trimester (per 1 SD, kg/week) 0.93 (0.55–1.58) 0.80b

Low, n (%) 69/162 (42.6) 1.05 (0.74–1.51) 0.77b

Normal, n (%) 61/129 (47.3) Ref

High, n (%) 94/220 (42.7) 0.98 (0.71–1.37) 0.93b

aAdjusted for age, gestational week, ART, epidural labor analgesia, doula-accompanied delivery, GDM and HDP.
bAdjusted for pre-pregnancy BMI, age, gestational week, ART, epidural labor analgesia, doula-accompanied delivery, GDM and HDP; Ref, reference group.
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the study participants were all pregnant women from Shanghai, a 
demographic known to maintain appropriate body weights and living 
under appropriate economic and medical conditions, leading to 
potential selection bias. Thus, large multicenter cohort studies are 
required to determine if our results are representative of those in other 
regions of China.

5 Conclusion

In summary, our results showed for the first time that high 
pre-pregnancy BMIs and GWGs, as well as rapid GWGs during the 
first trimester, can significantly increase the CDaI risk in primiparous 
women. These results demonstrate that achieving reasonable 
pre-pregnancy BMIs and GWGs may be a safe approach to prevent 
CDaI in primiparas. Maintenance of normal pre-pregnancy weight 
and GWG management are crucial for successful IoL in primiparas. 
Obstetricians should be aware of the potential increased CDaI risk 
of primiparous women with pre-pregnancy obesity and gestational 
obesity, particularly in those with excessive first trimester 
weight gain.
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