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Purpose: The overuse of cesarean section (C-section) is a worldwide public health concern, the most effective measure lies in
reducing the rate among primiparous women. We aimed to describe the trend, propose reference values and analyze risk factors of
C-section among primiparous women in Zhejiang Province, China.

Patients and Methods: We used data of China’s National Maternal Near-Miss Surveillance System from 2012 to 2021. The
C-Model was used to calculate the reference values, and logistic regression analysis was employed to explore risk factors.

Results: The C-section rate for primiparous women initially decreased and then rose again, the average rate was 36.1%, with
a reference C-section rate of 11.8%. In addition to recognized indications for C-section, we also identified advanced maternal age (OR:
3.21, 95% CI: 3.08, 3.35), higher hospital level (OR: 1.15, 95% CI: 1.13, 1.17), higher education level [college or above: 1.05 (1.02,
1.07); high school: 1.1 (1.08, 1.13)], history of abortion (OR: 1.30, 95% CI: 1.28, 1.32), and male infant (OR: 1.15, 95% CI: 1.13,
1.16) as independent risk factors.

Conclusion: Reducing the C-section rate for primiparous women by two-thirds was possible in Zhejiang. Systemic health policies
were urgently needed to further reduce the C-section rate.
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Introduction

Cesarean section (C-sections) is the most common abdominal surgery procedure performed around the world. Globally
about 21.1% of women give birth by C-section."? The World Health Organization (WHO) suggests a C-section rate
between 5% and 15%; a rate above 15% implies an unnecessary and unjustified use of surgical delivery, whereas a rate
below 5% may be related to the population’s lack of access to medical technology.® According to another study
conducted by WHO among 24 countries in 2010 from Asia, Europe and Latin America, China had the highest overall
C-section (46.2%).* According to the data from the National Maternal & Child Health Statistics data set, the C-section
rate in China increased from 28.8% to 34.9% between 2008 and 2014.° Moreover, in 2008, the C-section rate was even
higher, in Chinese urban women with a rate of 64.1%.° Thus, the overuse of C-section has become an important public
health concern in China.

In recent years, according to some nationwide studies, there has been a decline in the C-section rate in China.””
Previous research often attributed the decrease in C-section rates to changes in China’s population policy.*'* After more
than 30 years of implementing the one-child policy, China, in 2013, started implementing the selective two-child policy
due to concerns about declining birth rates and an aging population.'' The universal two-child policy was initiated in
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October of 2015."" Previous studies suggested that the implementation of the two-child policy, led to a surge in demand
for second pregnancies, contributing to the observed decline in C-section rates in recent years. However, most of these
studies focused on the period shortly after the introduction of the universal two-child policy. However, after the increase
in births following the change in the policy during 20162017, the birth rate has now reduced nationally.'? This indicated
that the fertility demand unleashed by the universal two-child policy in recent years had subsided, and the C-section rate
might have also undergone changes accordingly. Therefore, it was necessary to describe the trend in C-section rates over
a longer time frame.

Modelling suggested that reducing the risk of the first C-section delivery during labour was the most effective strategy
for reducing the overall rate.'>'* Therefore, this study focused on the population of primiparous women. Utilizing the
monitoring of data in China’s National Maternal Near-Miss Surveillance System (NMNMSS) for Zhejiang Province for
the period between 2012 and 2021, the research described the changing trend in the C-section rate among primiparous
women in Zhejiang Province, China. The present study also calculated reference values and explored relevant risk
factors, aiming to identify the factors that contributed to the changes in the C-section rate and discovered key areas for
further reducing the C-section rate.

Materials and Methods

Study Population

The data of this study obtained from NMNMSS for Zhejiang Province. The NMNMSS was established in October 2010
and covered 326 urban districts and rural counties across China. Hospitals with more than 1000 deliveries per year were
eligible to be surveillance sites, and all the eligible hospitals were selected via stratified random sampling to ensure
proportional representation of urban and rural populations across all three regions in China (eastern, central, and
western). In Zhejiang Province, 18 out of 85 eligible hospitals which were randomly sampled, consisting of 11 tertiary
and 7 secondary hospitals (12 county level, 4 municipal level, 2 provincial level). Trained doctors and nurses would fill
out a questionnaire consisting of information about demographic, reproductive history, pregnancy complications, and
birth outcomes from all the pregnant and postpartum women in the 18 surveillance sites by referring to the medical
record, and entered the data into a web-based data management system. Local staffs of NMNMSS were responsible for
verifying the quality of data. County-level, municipal, and provincial staffs of NMNMSS in Zhejiang Province visited all
of the 18 surveillance sites at least once a year to check the accuracy of monitoring information by cross-checking with
medical records. The National Office for Maternal and Child Health Surveillance also visited a random sample of six to
eight hospitals in each province once a year to ensure the quality assurance. Detailed information about the data
collection and quality control process has been reported elsewhere.'”

This study was approved by the ethics committee of the West China Second University Hospital (protocol ID,
2012008). All needed data were extracted from hospital’s electric medicine records without any patient identification.
Therefore, this study did not obtain informed consent from individual patients.

Between January 2012 and December 2021, 865,208 pregnancy termination (including full-term delivery, sponta-
neous abortion, induced abortion, and preterm birth, and other cases of pregnancy ending) in the 18 surveillance sites of
Zhejiang Province (Figure 1). We excluded multiparous women (n = 392,113), women had incorrect (number of parities
> number of gravidity) (n = 0) or missing data on parity (n = 765), and women with multiple pregnancy (n = 11,821). Of
460,509 primiparous singleton pregnancy women, 19,763 were miscarriage, 1878 with gestational age was less than
28 weeks or over 43 weeks, 368 had missing information on gestational age, 43 had incorrect data on maternal age (age <
13 years or > 50 years), 1101 did not deliver in the surveillance sites, these cases were excluded for the final analysis.
The remaining 437,356 mothers and birth pairs were included in the analysis.

Assessment of Study Variables

Advanced maternal age was defined as women older than 35 years old. The diagnosis of uterine rupture, placenta previa,
placental abruption, hypertensive disorder, diabetes, heart disease, liver disease, lung disease, fetal presentation was
based on physician diagnosis, and that information were obtained from the medical record. Pregnant women with chronic
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Figure | Study Population.

hypertension, hypertension during pregnancy, preeclampsia, eclampsia, and HELLP syndromes were defined as hyper-
tensive disorder. Pregnant women with chronic diabetes and gestational diabetes were diagnosed as diabetes. Maternal
near miss (MNM) was defined according to WHO criteria.'® Macrosomia was defined as newborns with gestational
weight above 4000 g. Cephalic C-section refers to the use of C-section to terminate pregnancy in women with fetus had

a cephalic presentation.

Calculating the Reference C-Section Rate

This study utilized the mathematical model proposed by the WHO in 2015, known as the C-Model, to calculate the
reference C-section rate.'*!” The model comprehensively considered demographic characteristics, obstetric factors, and
complications, generating a locally “appropriate” C-section rate for the studied population. Constructed using data from
22 countries and validated with data from 43 countries, C-model demonstrated good discriminatory capacity with an
AUC ranging from 0.832 to 0.844. This study employed the most complete version (v1.3) of the model, and the reference
C-section rate was calculated using the following formula: Logit=-4.015252-0.77531*parity + 2.922222*previous
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C-section + 1.834027*multiple pregnancy + 2.634921*provider-initiated childbirth + 2.985162*fetal presentation +
0.71104*maternal age + 0.661417*organ dysfunction or ICU admission + 3.796513*placenta previa + 2.741255*abrup-
tio placentae + 0.561991*chronic hypertension + 0.98718*pre-eclampsia + 1.301346*renal disease + 1.310211*HIV.
Prob(C-section) = eLogit/(1 + eLogit).

Statistical Analysis

We charted the monthly average cesarean section to visualize the characteristics of temporal distribution. The denomi-
nator for both the primiparous C-section and cephalic C-section rates is the total number of singleton primiparous women
during the corresponding time period. We calculated the excess C-section rate using the following formula: Excess
C-section rate = Primiparous C-section rate - Reference C-section rate, and plotted a scatter diagram of the excess
C-section rate over time. Categorical and numerical variables were expressed as number (percentage) and mean +
standard deviation (SD), respectively. Differences in proportions and means between C-section and vaginal delivery were
tested by * test or the analysis of variance. We used logistic regression models to investigate the risk factors of C-section
among primiparous women. The unadjusted model was used to summarize the crude odds ratios without adjustment of
any covariates. In the adjusted model, we included hospital type, education, advanced maternal age, gravidity, uterine
rupture, placenta previa, placental abruption, hypertensive disorder, diabetes, heart disease, liver disease, lung disease,
fetal presentation, maternal near miss, newborn sex, and macrosomia. Population-attributable risk (PAR) was calculated
based on logistic model, to show the proportion of the C-section rate that was attributable to a given exposure. To further
evaluate the importance of each factor, we adopted the dominance analysis method by Razia Azen and Nicole Traxel.'®
A detailed description of the method for analyzing strengths is provided in the supplementary materials. All analyses

were conducted using R software (version 3.2.2; https://www.r-project.org/). Statistical significance was determined

using a two-side probability set at P < 0.05.

Results

Changes in C-Section Rate Among Primiparous VWomen

Between January 2012 and December 2021, there were 157,916 (36.1%) primiparous women accepted C-section in 18
surveillance sites, and the cephalic C-section rate was 142,766 (33.8%), while during the same period, the reference
C-section rate calculated according to the C-Model was 11.8%. The C-section rates were visually inspected as a trend of
decline, reaching a nadir, and then rising. The period with the lowest C-section rate among primiparas was 2015-2019,
with an average C-section rate of 32.4% during this period (Figure 2). The average level of C-section rates were 40.4%,
32.4% and 36.6% in the period between 2012 and 2014, 2015-2019 and 2020-2021, respectively. The cephalic C-section
rates share the same decrease-bason-increase trend. Compared to the average rate from 2015 to 2019, the cephalic
C-section rate increased by 12.4% (30.1% vs 33.8%) on a quarter-to-quarter basis during 2020-2021. The trend of the
excess C-section rate is similar to that of the C-section rate among primiparas and the cephalic C-section rate among
primiparas (Figure 3).

The Risk Factors of C-Section Among Primiparous VWomen

In univariate analysis (Tables 1 and 2), higher hospital level, higher education background, advanced maternal age,
history of miscarriage or induced labor, uterine rupture, placenta previa, placental abruption, hypertensive disorder,
gestational diabetes, heart disease, liver disease, lung disease, fetal malpresentation, MNM, male fetus, and macrosomia
were associated with an increased risk of C-section. After incorporating the above factors into a multiple regression
model (Table 2), uterine rupture was no longer a risk factor for C-section in primiparous women. However, the
relationships with other factors and C-section in primiparous women remained significant.

Contributions of Risk Factors to the C-Section Rate
The PAR was shown in Table 3. More than 1 C-section per 100 primiparous women could be attributed to factors such as
hospital type (PAR: 5.60, 95% CI: 4.88, 6.32), advanced maternal age (PAR: 2.13, 95% CI: 2.05, 2.22), history of abortion
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Figure 3 Changes in the excess Cesarean Section Rate.

(PAR: 4.75, 95% CI: 4.47, 5.03), placenta previa (PAR: 1.40, 95% CI: 1.34, 1.45), hypertensive disorder (PAR: 3.19, 95%
CI: 3.09, 3.30), breech presentation (PAR: 5.70, 95% CI: 5.60, 5.81), male infant (PAR: 3.93, 95% CI: 3.51, 4.34), and
macrosomia (PAR: 3.81, 95% CI: 3.70, 3.92). The proportion of C-section that were the result of advanced maternal age,
hypertensive disorder and breech presentation increased over the study period. To further evaluate the importance of each

factor, we included variables with a population attributable risk greater than 2% in the dominance analysis. The analysis

results are shown in Table S1. Through dominance analysis, we found that tertiary hospitals and advanced maternal age are
strong risk factors for C-section rates in primiparas, with average contributions to the model of 0.075 and 0.073, respectively.
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Table | Maternal Demographics and Pregnancy Outcomes Among Study Population

Characteristics N Vaginal Delivery | Caesarean Section | P

Hospital type < 0.001
Secondary hospital 95342 64,448 (67.6%) 30,894 (32.4%)
Tertiary hospital 307484 | 192,442 (62.6%) 115,042 (37.4%)

Education < 0.001
College or above 283551 181,081 (63.9%) 102,470 (36.1%)
High school 74150 46,787 (63.1%) 27,363 (36.9%)
Middle school or below | 68737 44,887 (65.3%) 23,850 (34.7%)

Advanced maternal age < 0.001
No 393506 | 254,342 (64.6%) 139,164 (35.4%)
Yes 12264 4006 (32.7%) 8258 (67.3%)

History of abortion < 0.001
No 297032 | 197,039 (66.3%) 99,993 (33.7%)
Yes 140324 | 82,401 (58.7%) 57,923 (41.3%)

Uterine rupture 0.0017
No 437321 | 279,427 (63.9%) 157,894 (36.1%)
Yes 35 13 (37.1%) 22 (62.9%)

Placenta previa < 0.001
No 433238 | 279,214 (64.4%) 154,024 (35.6%)
Yes 4118 226 (5.5%) 3892 (94.5%)

Placental abruption < 0.001
No 433667 | 278,050 (64.1%) 155,617 (35.9%)
Yes 3689 1390 (37.7%) 2299 (62.3%)

Hypertensive disorder < 0.001
No 417702 | 272,322 (65.2%) 145,380 (34.8%)
Yes 19654 7118 (36.2%) 12,536 (63.8%)

Heart disease < 0.001
No 435407 | 278,790 (64%) 156,617 (36%)
Yes 1949 650 (33.4%) 1299 (66.6%)

Liver disease < 0.001
No 431556 | 276,392 (64%) 155,164 (36%)
Yes 5800 3048 (52.6%) 2752 (47.4%)

Gestational diabetes < 0.001
No 400166 | 258,451 (64.6%) 141,715 (35.4%)
Yes 37190 20,989 (56.4%) 16,201 (43.6%)

Lung disease < 0.001
No 437203 | 279,393 (63.9%) 157,810 (36.1%)
Yes 153 47 (30.7%) 106 (69.3%)

Maternal near miss < 0.001
No 435039 | 278,490 (64%) 156,549 (36%)
Yes 2317 950 (41%) 1367 (59%)

Fetal presentation < 0.001
Cephalic presentation 421350 | 278,584 (66.1%) 142,766 (33.9%)
Breech presentation 14994 730 (4.9%) 14,264 (95.1%)
Shoulder presentation 685 98 (14.3%) 587 (85.7%)
Mixed presentation 327 28 (8.6%) 299 (91.4%)

Newborn sex < 0.001
Female 211503 | 138,391 (65.4%) 73,112 (34.6%)
Male 225822 | 141,030 (62.5%) 84,792 (37.5%)

Macrosomia < 0.001
No 416740 | 272,117 (65.3%) 144,623 (34.7%)
Yes 20513 7245 (35.3%) 13,268 (64.7%)
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Table 2 Risk Factors of Caesarean Section Among Primiparae

Characteristics

Unadjusted Model

Adjusted Model

OR (95% CI) P OR (95% CI) P

Hospital type

Secondary hospital Ref Ref

Tertiary hospital 1.25 (1.23,1.27) <0.001 | 1.15 (1.13,1.17) < 0.001
Education

College or above 1.07 (1.05, 1.08) <0.001 | 1.05(1.02,1.07) < 0.001

High school 1.1 (1.08, 1.12) <0.001 | I.I (1.08,1.13) < 0.001

Middle school or below | Ref Ref
Advanced maternal age

No Ref Ref Ref Ref

Yes 3.77 (3.63,3.91) < 0.001 | 3.21 (3.08,3.35) < 0.001
History of abortion

No Ref Ref Ref Ref

Yes 1.39 (1.37,1.4) <0.001 | 1.3 (1.28,1.32) < 0.001
Uterine rupture

No Ref Ref Ref Ref

Yes 2.99 (1.51,5.95) < 0.001 | 2.21 (0.96,5.09) 0.0629
Placenta previa

No Ref Ref Ref Ref

Yes 31.22 (27.3,35.7) < 0.001 | 30.72 (26.49,35.62) | < 0.001
Placental abruption

No Ref Ref Ref Ref

Yes 2.96 (2.76,3.16) < 0.001 | 2.87 (2.66,3.11) < 0.001
Hypertensive disorder

No Ref Ref Ref Ref

Yes 33 (3.2 34) <0.001 | 3.28 (3.17,34) < 0.001
Heart disease

No Ref Ref Ref Ref

Yes 3.56 (3.24,3.91) <0.001 | 3.48 (3.11,3.88) < 0.001
Liver disease

No Ref Ref Ref Ref

Yes 1.61 (1.53,1.69) <0.001 | 1.59 (1.5,1.69) < 0.001
Gestational diabetes

No Ref Ref Ref Ref

Yes 1.41 (1.38,1.44) <0.001 | I.14 (1.11,1.17) < 0.001
Lung disease

No Ref Ref Ref Ref

Yes 3.99 (2.83,5.63) < 0.001 | 2.66 (1.79,3.96) < 0.001
Maternal near miss

No Ref Ref Ref Ref

Yes 2.56 (2.36,2.78) <0.001 | 2.47 (2.18,2.8) < 0.001
Fetal presentation

Cephalic presentation Ref Ref

Breech presentation 38.13 (35.39, 41.08) | <0.001 | 45.78 (42,49.89) < 0.001

Shoulder presentation 11.69 (9.44, 14.48) < 0.001 | 7.41 (5.86,9.36) < 0.001

Mixed presentation 20.84 (14.14, 30.7) < 0.001 | 18.89 (12.14,29.4) < 0.001
Sex

Female Ref Ref Ref Ref

Male 1.14 (1.12,1.15) <0.001 | L.I5 (1.13,1.16) < 0.001
Macrosomia

No Ref Ref Ref Ref

Yes 3.45 (3.35,3.55) <0.001 | 3.74 (3.61,3.86) < 0.001
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Table 3 Population-Attributable Risks for Risk Factors by Time Period

Characteristics 2012-2013 2014-2015 2016-2017 2018-2019 2020-2021 2012-2021

Hospital type

Secondary hospital Ref Ref Ref Ref Ref Ref

Tertiary hospital 2.94 (1.73, 4.15) 10.09 (8.67, I1.51) 6.24 (4.43, 8.06) —0.86 (2.9, 1.19) 4.52 (2.39, 6.65) 5.60 (4.88, 6.32)
Education

College or above 1.72 (1.29, 2.14) 0.95 (0.49, 1.42) 0.60 (0.01, 1.19) 0.60 (-0.07, 1.27) 0.50 (-0.17, 1.17) 0.95 (0.72, 1.19)

High school 10.53 (9.48, 11.58) 1.44 (—0.07, 2.95) —2.73 (-4.87, —0.6) —2.29 (—4.61, 0.03) —1.71 (-4.56, 1.15) 1.66 (0.9, 2.43)

Middle school or below Ref Ref Ref Ref Ref Ref
Advanced maternal age

No Ref Ref Ref Ref Ref Ref

Yes 1.38 (1.27, 1.49) 1.86 (1.69, 2.02) 2.58 (2.36, 2.81) 297 (2.71, 3.24) 341 (3.12,3.7) 2.13 (2.05, 2.22)
History of abortion

No Ref Ref Ref Ref Ref Ref

Yes 4.74 (4.25, 5.22) 4.96 (4.37, 5.55) 4.97 (4.25, 5.69) 4.22 (3.46, 4.97) 3.7 (297, 443) 4.75 (4.47, 5.03)
Placenta previa

No Ref Ref Ref Ref Ref Ref

Yes 1.04 (0.97, 1.12) 1.39 (1.28, 1.5) 1.92 (1.76, 2.07) 1.5 (1.35, 1.66) 1.43 (1.28, 1.57) 1.4 (1.34, 1.45)
Placental abruption

No Ref Ref Ref Ref Ref Ref

Yes 0.25 (0.2, 0.3) 0.48 (0.4, 0.57) 0.74 (0.61, 0.86) 0.94 (0.79, 1.08) 0.76 (0.61, 0.92) 0.52 (0.48, 0.56)
Hypertensive disorder

No Ref Ref Ref Ref Ref Ref

Yes 2.48 (2.34, 2.63) 3.25 (3.04, 3.46) 3.65 (3.38, 3.92) 3.63 (3.32, 3.93) 4.08 (3.75, 4.4) 3.19 (3.09, 3.3)
Heart disease

No Ref Ref Ref Ref Ref Ref

Yes 0.28 (0.23, 0.32) 0.31 (0.24, 0.38) 0.41 (0.32, 0.49) 0.47 (0.37, 0.58) 0.19 (0.11, 0.27) 0.32 (0.29, 0.35)
Liver disease

No Ref Ref Ref Ref Ref Ref

Yes 0.24 (0.18, 0.3) 0.19 (0.08, 0.29) 0.75 (0.59, 0.9) 0.7 (0.54, 0.87) 0.45 (0.31, 0.59) 0.35 (0.3, 0.4)
Gestational diabetes

No Ref Ref Ref Ref Ref Ref

Yes 0.35 (0.2, 0.51) 1.17 (0.93, 1.42) 1.31 (0.98, 1.63) 1.16 (0.77, 1.56) 0.9 (0.47, 1.34) 0.61 (0.49, 0.74)
Lung disease

No Ref Ref Ref Ref Ref Ref

Yes 0 (-0.01, 0.02) 0.02 (0, 0.03) 0.02 (0, 0.04) 0.02 (-0.01, 0.04) 0.05 (0.02, 0.08) 0.02 (0.01, 0.03)
Maternal near miss

No Ref Ref Ref Ref Ref Ref

Yes 0.13 (0.09, 0.17) 0.19 (0.13, 0.24) 0.25 (0.18, 0.31) 0.18 (0.09, 0.26) 0.2 (0.13, 0.28) 0.18 (0.15, 0.2)
Fetal presentation

Cephalic presentation Ref Ref Ref Ref Ref Ref

Breech presentation 3.99 (3.84, 4.15) 5.89 (5.66, 6.13) 5.93 (5.65, 6.21) 7.81 (7.47, 8.15) 7.04 (6.73, 7.36) 5.7 (5.6, 5.81)

Shoulder presentation 0.07 (0.04, 0.1) 0.11 (0.07, 0.15) 0.1 (0.06, 0.14) 0.25 (0.19, 0.31) 0.33 (0.26, 0.4) 0.15 (0.13, 0.17)

Mixed presentation 0.07 (0.05, 0.1) 0.09 (0.06, 0.12) 0.07 (0.04, 0.11) 0.06 (0.02, 0.09) 0.2 (0.15, 0.25) 0.1 (0.08, 0.11)
Sex

Female Ref Ref Ref Ref Ref Ref

Male 3.45 (2.74, 4.16) 4.6 3.71, 5.48) 3.79 (2.73, 4.84) 4.35 (3.22, 5.47) 3.48 (2.38, 4.58) 3.93 (3.51, 4.34)
Macrosomia

No Ref Ref Ref Ref Ref Ref

Yes 3.02 (2.85, 3.19) 3.84 (3.6, 4.07) 4.21 (3.92, 4.5) 4.81 (449, 5.14) 3.96 (3.68, 4.25) 3.81 (3.7,3.92)

Discussion

In the present study, the C-section rate among primiparous women was 36.1%, almost triple the average reference rate
from the C-Model. Over the span of 2012-2021, the C-section rates were visually inspected as a trend of decline,
reaching a nadir, and then rising. Besides known medical indications, non-indications like abortion history, advanced
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maternal age, and sociodemographic factors (higher hospital and education levels, male infants) were identified as
independent risk factors. These factors have a high PAR, indicating significant public health impact and potential for
prevention if addressed.

The global rise in C-section rates over recent decades has drawn public health attention. This increase, alongside
disparities in rates across countries, regions, and hospitals, has been widely documented. Our study found a 36.1%
C-section rate among 157,916 primiparous women in Zhejiang province, higher than Canada’s 24%'® but below China’s
national average.” ° The trend showed fluctuations: a decline from 2012 to 2016, aligning with Liang et al’ and Yan
et al’s findings’ based on national data, yet conflicting with Long et al’s results from the National Household Health
Services Survey.® These discrepancies likely stem from differing survey methods. Long et al obtained information on
C-section from self-reported data of pregnant women who gave birth within the past 5 years in their study, while Liang
et al and Yan et al sourced their data on C-section from medical records and self-reported information of the current year.
All studies, however, noted a significant drop in the C-section rate among primiparous women. While Long et al linked

this decrease to China’s relaxed birth policies, coupled with an increase in demand for second births,*'°

our study and
others found the decline occurred during the selective two-child policy period, with no notable change after the universal
two-child policy was implemented. This suggests Long et al’s study design may have introduced a lag effect, leading to
potential misattribution of the reasons behind the C-section rate decrease.

China is one of the few countries that has reversed the upward trend in C-section rates. The decline in C-section
rates among primiparous women from 2012 to 2016 should not be simply linked to relaxed birth policies. A cross-
sectional study on C-section rates in Guangdong Province from 2008 to 2016 found no immediate effect of the
universal two-child policy on local C-section rates.”” However, after the Guangzhou Health Commission introduced
public health education, professional skills training, and technical support for medical facilities, the local C-section
rate fell markedly.® From 2009 to 2014, China implemented measures to reduce C-section rates, including setting
assessment targets, promoting midwifery techniques, and revising clinical guidelines for C-section indications. These
steps, involving governments and obstetric societies, established C-section rate goals, introduced relevant policies, and
used financial incentives to achieve these targets. China also promoted midwifery through training centers and
regulated C-section indications by issuing expert consensus on diagnosing prolonged labor.?"** Through this series
of top-down measures, China witnessed a significant decline in C-section rates.® Notably, this study observed an
upward trend in C-section rates among primiparous women since 2020, a finding echoed by Yan et al from 2019. This

might be attributed to the rising proportion of elderly and high-risk pregnant women in China,*~**

and the changing
trend in the reference C-section rate might supported this hypothesis. Over time, the impact of these high-risk factors
might have outweighed the effects of various protective measures. Additionally, other factors should not be overlooked
contributing to this upward trend. On July 10, 2019, Zhejiang Province issued the “Opinions on Promoting the Reform
of Basic Medical Insurance Payment Methods in the Province’s County Medical Community.>> The implementation of
the Diagnosis-Related Groups points system was introduced at the provincial level. C-section procedures would
increase the Diagnosis-Related Groups payment ratio, generating more surplus within medical groups. This factor
could potentially diminish the motivation of clinical doctors to promote vaginal deliveries, contributing to the observed
increase in C-section rates in 2020-2021.

Reducing the C-section rate is a systematic and long-term effort. Previous measures have primarily targeted
healthcare professionals, including doctors, midwives, hospital administrators, and healthcare system officials. These
measures, focused on enhancing midwifery skills, providing performance incentives, and revising surgical indications
which had created a medical environment conducive to promoting safe vaginal deliveries. Though effective, the rise in
C-section rates among primiparous women in 2020-2021 indicates that enhancing the medical environment alone is
insufficient for controlling C-section rates. Even during the decline from 2016 to 2019, Zhejiang Province’s C-section
rate for primiparous women remained at approximately 33%, much higher than the C-model - recommended rate. This
underscores the need for additional protective measures to reduce C-section rates.

Examining C-section influencing factors in primiparous women can help develop targeted interventions. Our study
revealed that abortion history and advanced maternal age are independent C-section risk factors for primiparous women.

4,26-30

None of the above factors were surgical indications for C-section, which suggested that clinical criteria for
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C-section indications might be overly broad. Future efforts could involve obstetric quality control centers to tighten
C-section indication control. Moreover, certain social factors, such as hospital level, higher education, and male infant
gender, were also identified as independent C-section risk factors, indicating the need to build a society more supportive
of vaginal delivery. Further calculations of PAR for each independent factor, revealed high population attributable risk for
non-indication factors such as history of abortion, advanced maternal age, hospital level, and infant sex. Particularly,
advanced maternal age demonstrated a rising trend in PAR for C-section among primiparous women over the years,
highlighting the need to focus on this subgroup in the next steps of obstetric quality control. Analysis of the PAR for
educational level on C-sections among primiparous women revealed that higher education had a higher PAR in
2012-2013, followed by a downward trend in subsequent years. By 2020-2021, the impact of higher education on the
PAR for C-sections among primiparous women was no longer significant, suggesting that recent health education efforts
to promote vaginal childbirth have had some success. However, it was noteworthy that after accounting for other risk
factors, the PAR for C-section among primiparous women was still significant for deliveries in tertiary hospitals and for
male infants, with PARs of 4.52 and 3.48, respectively, in 2020-2021. Previous studies had also found that C-section
rates were often higher in tertiary or private hospitals compared to secondary or public hospitals.” As this study utilized
cross-sectional data, causality can never be determined by this study design, only associations. The relationship between
them may have been due to the preference of pregnant women seeking C-section to choose hospitals with higher medical
standards. The relationship between delivering male infants and the C-section rate might be due to a greater demand for
subsequent pregnancies among pregnant women delivering girls, leading them to prefer vaginal delivery for their first
childbirth.

This study examined the long-term trend of C-section rates among primiparous women in Zhejiang Province,
China, using the internationally recognized C-model to calculate reference values. This approach offers
a comprehensive assessment of the reasons behind the decline in C-section rates in China and provides a basis
for further goal setting and evaluation. However, the study has limitations. Data were only collected from Zhejiang
Province, limiting the generalizability of the results. Despite this, the identified trends align with nationwide
studies in China, and the methodology can be applied elsewhere. Additionally, the study could not differentiate
between C-sections based on medical indications and maternal request, hindering targeted risk factor analysis.
Nevertheless, using the WHO’s C-model, the study calculated reference C-section rates considering obstetric,
complication, and sociodemographic factors, offering a reference for setting target C-section rates among primi-
parous women. Finally, the study did not consider factors like maternal BMI and gestational weight gain, which
are associated with C-section incidence and modifiable. Quantifying their impact would be crucial for future
intervention measures.

Conclusion

Between 2012 and 2021, the C-section rate among primiparous women in Zhejiang exhibited a trend of decline, reaching
a nadir, and then rising, yet never reached the C-model - recommended rate. Non-indication factors like advanced
maternal age, abortion history, hospital level, higher education, and male infant gender were found to significantly impact
the population attributable risk. China is one of the few countries to reverse its upward C-section trend. The measures
taken have fostered a medical environment favoring vaginal delivery. To further reduce C-section rates, future policies
should focus on: 1. Strengthening obstetric quality control measures, with a particular emphasis on enhancing the quality
control of C-section indications for advanced maternal age; 2. Making appropriate adjustments to the medical insurance
payment system; 3. Most importantly, creating a societal environment conducive to vaginal delivery.
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