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Abstract
Background
Improving and maintaining the health of mothers and newborns is indisputably a global priority, especially during a pandemic. This study intends to examine the factors associated with cesarean section (CS) during lockdown time.

Methods
A total of 678 women who just gave birth within 7 days were enrolled from maternal and children hospitals in nine cities of China from April to May 2020. The delivery modes and potential influencing factors were investigated. The subgroup analysis and sensitivity analysis were used to examine the association of CS and risk factors among populations with different characteristics and to control for possible confounding, respectively.

Results
The overall rate of cesarean delivery was 37.3%. In multi-variant model, maternal age > 30 years (OR, 95% CI = 1.71, 1.21–2.41), higher pre-gestational BMI (OR, 95% CI = 1.16, 1.10–1.23), living in regions with confirmed COVID-19 cases > 500 (OR, 95% CI = 2.45, 1.74–3.45), and excess gestational weight gain (OR, 95% CI = 1.73, 1.17–2.55) were associated with cesarean delivery. These trends of associations were not changes in sensitivity analysis and subgroup analysis. Cesarean delivery occurred more in women who got more nutrition instruction during the pandemic period in the univariant model; however, this association showed insignificance in the multiple-variant analysis.

Conclusion
A high cesarean delivery rate was found in uninfected women who experienced lockdown in their third trimester. During the COVID-19 pandemic, more medical support should be provided in severely affected regions to ensure and promote health in pregnancy.
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Introduction
The 2019 novel coronavirus (COVID-19), a severe acute respiratory syndrome caused by a coronavirus, was declared as a pandemic by the World Health Organization (WHO) on March 11, 2020 [1], due to its highly contagious nature, subsequently spreading around the world and infecting more than 13 million confirmed cases by July 15 [2]. This is still true today as the world continues to grapple with the COVID-19 pandemic. China and many countries have adopted several measures to control disease transmission, including travel restrictions, early detection, isolation of suspected and confirmed cases, and widespread quarantines [3, 4].
Improving the survival and well-being of mothers and newborns is indisputably a global priority, especially during pandemic [5]. Since COVID-19 broke out, there has been plenty of research focused on pregnant women infected with COVID-19 [6–8]. For maternal and newborn health, however, a critical question today is not only the extent to which pregnant or postpartum women and newborns are vulnerable to COVID-19 infection but also the degree to which giving a healthy birth in the general pregnant population who are not infected with coronavirus is influenced by lockdown and quarantines. The impact of COVID-19 on pregnancy outcomes among uninfected women has not been acknowledged up to this point. Studies have shown that large scale emergencies have increased morbidity and often mortality in women and infants [9–11]. In addition, during this time, pregnant women need prenatal care more than ever in order to monitor their health and well-being, answer their questions, check on the progress of their pregnancy, and avoid any adverse pregnancy outcomes [12]. However, regular prenatal examinations have been more or less impacted by the pandemic [13], which has put pregnant women at a higher risk of poor perinatal health management and may lead to series of adverse pregnancy outcomes.
There are around 15 million births in 2018 in China [14]. The COVID-19 pandemic has caused numerous challenges in ensuring health in pregnancy. In this study, delivery modes and other pregnancy outcomes were collected from new mothers who experienced lockdown during their third trimester in China (January to April 2020) and to explore its associated factors.
Methods
Participants
This cross-sectional study was conducted in China during the COVID-19 outbreak between April and May 2020. A multi-sampling strategy was used to recruit new mothers who had just given birth within 7 days. Firstly, we purposely selected nine cities in China according to their geographic location and economic status (Wuhan, Beijing, Xiangyang, Nanchang, Suzhou, Xuchang, Tangshan, Cangzhou, and Lanzhou). Secondly, one hospital in each city was selected for convenience. Then, women who met the inclusion criteria were invited by local health professionals and voluntarily participated in this study. The inclusion criteria were as follows: (1) gave birth within the past 7 days, (2) single birth, (3) lived in the investigated regions during the third trimester, and (4) were aged from 18 to 45 years. The women who confirmed infection with COVID-19 or any other severe disease (e.g., cancer, severe infection, or liver or kidney failure) and the ones who gave birth to a baby with a birth defect were excluded from the study. Finally, the data of 678 participants was used in the analysis.
Data collection
The data were collected with one e-questionnaire using a cellphone-based tool (Wenjuan xing Tech Co. Ltd, Changsha, China). The questionnaire included four parts: sociodemographic characteristics, information on delivery modes and pregnancy and neonatal health, physical activities, and the medical services which women accessed during the lockdown period.
Sociodemographic characteristics of participants included age, average monthly family income, and education level. The cumulative numbers of confirmed COVID-19 cases (by May 25) in the provinces where our studied cities were located was obtained from the Distribution of COVID-19 Report [15]. Participants were also required to score their degree of concern on COVID-19 (from zero to ten, where zero indicated not worried at all, and 10 indicated severely worried about COVID-19).
Delivery modes were investigated and the pregnancy information includes parity, gestational weeks, self-reported maternal weight measured before pregnancy, and at the last prenatal examination before delivery, maternal complications and disease occurred during pregnancy (including gestational diabetes, dyslipidemia, and hypothyroidism) were obtained. Women with any maternal complications and diseases mentioned above were considered as “having metabolic disease”. Women who could not clearly recall the information were suggested to ask their doctors in charge. The frequency of taking physical activity every week was also obtained.
Pre-gestational body mass index (BMI) was calculated as pre-gestational weight (kg) divided by square of height (m2). The gestational weight gain (GWG) was defined as the difference between weight before labor and pre-gestational weight. Optimal weight gain was defined by the 2009 Institute of Medicine (IOM) guidelines, and women who had GWG lower or higher than the recommended values were classified as low or excess GWG, respectively [16]. Gestational weeks < 37 weeks were considered as preterm birth, while gestational age ≥ 42 weeks was considered as post-term birth. The definition of macrosomia was a neonatal birth weight > 4000 g, and low birth weight (LBW) was defined as < 2500 g [17, 18].
With regard to medical services, whether women regularly attended the prenatal check-ups during lockdown time was investigated and categorized as “never,” “not attend regular as doctor suggested,” and “regular attend”. The ways women got nutrition instruction was also investigated with a multiple-choice question (nutrition clinic of the hospital, obstetrics clinic, online instruction, and online courses); individuals who got any instructions through the four approaches were regarded as getting nutrition instruction during lockdown period.
Statistics
Results were presented as means and SDs for continuous variables and percentages for categorical variables. Differences across groups were compared by Student’s t tests and Chi-squared tests for continuous and categorical variables, respectively. Multivariate logistic regression models were carried out to investigate influence factors on the delivery mode of participants. Factors with P < 0.05 in the univariate analysis were included in the multivariate model, including age (≤ 30 or > 30 years), pre-gestational BMI (continuous), number of COVID-19 cases in the resident region (≤ 500 or > 500), history of metabolic disease (no or yes), getting nutrition instruction during lockdown period (no or yes), and GWG (optimal, low, or excess). Sensitivity analysis was conducted by additionally including education level (middle school and below, or college and above) and getting regular prenatal check-ups during the lockdown period (no or yes) in the multivariate model. Subgroup analyses were conducted by excluding participants whose infants were preterm or post-term, whose infants had macrosomia and whose infant’s birth weight was missing, or who had metabolic diseases in pregnancy. All the statistics were conducted in R 4.0.2. All P values were two-sided. Statistical significance was defined as P < 0.05.
Results
General characteristics of participants
In the study population, 37.3% and 62.7% gave cesarean delivery and vaginal delivery, respectively. Table 1 presents participants’ general characteristics according to delivery modes. Participants who had a cesarean section (CS) were more likely to be over 30 years old, having higher pre-gestational BMI, and be living in regions with over 500 COVID-19 cases. Participants with different education levels, income, exercise frequency, and degree of concerns on COVID-19 did not differ significantly in delivery modes.
Table 1General characteristics between participants with different delivery modes


	 	Vaginal
	Cesarean
	P

	Age (years)

	 ≤ 30
	290 (68.2)
	135 (53.4)
	< 0.001

	 > 30
	135 (31.8)
	118 (46.6)
	 
	Education level

	 Middle school and below
	110 (25.9)
	84 (33.2)
	0.051

	 College and above
	315 (74.1)
	169 (66.8)
	 
	Incomea

	 < 5000
	107 (27.2)
	80 (34.2)
	0.150

	 5000 to < 10,000
	132 (33.6)
	76 (32.5)
	 
	 ≥ 10000
	154 (39.2)
	78 (33.3)
	 
	Exercise frequency (times per week)

	 ≤ 1
	74 (17.4)
	44 (17.4)
	0.931

	 2–3
	114 (26.8)
	69 (27.3)
	 
	 4–6
	56 (13.2)
	29 (11.5)
	 
	 7
	181 (42.6)
	111 (43.9)
	 
	Pre-gestational BMI (kg/m2)
	20.8 ± 2.8
	22.3 ± 3.5
	< 0.001

	Number of COVID-19 cases in the resident region

	 ≤ 500
	249 (58.6)
	92 (36.4)
	< 0.001

	 > 500
	176 (41.4)
	161 (63.6)
	 
	Degree of concerns on COVID-19
	6.1 ± 2.6
	6.0 ± 2.8
	0.739


Continuous variables were presented as mean ± SD and compared with Student’s t tests. Categorical variables were presented as proportions and compared with Chi-squared tests



Information on health and delivery
Participants with CS were more likely to get nutrition instruction during the pandemic, have a history of metabolic disease, and have excess GWG. No association was observed between delivery modes with parities, getting regular pregnancy check-ups, gestational age at delivery, or birth weight of infants (Table 2).
Table 2Differences of health and pregnancy information between participants with different delivery modes


	 	Vaginal
	Cesarean
	P

	Parities

	 First birth
	248 (58.4)
	139 (54.9)
	0.431

	 Others
	177 (41.6)
	114 (45.1)
	 
	Getting regular pregnancy check-ups

	 No
	213 (50.1)
	109 (43.1)
	0.090

	 Yes
	212 (49.9)
	144 (56.9)
	 
	Getting nutrition instruction

	 No
	161 (37.9)
	73 (28.9)
	0.021

	 Yes
	264 (62.1)
	180 (71.1)
	 
	History of metabolic disease

	 No
	356 (83.8)
	187 (73.9)
	0.003

	 Yes
	69 (16.2)
	66 (26.1)
	 
	Gestational weight gain

	 Low
	101 (23.8)
	59 (23.3)
	0.013

	 Optimal
	200 (47.1)
	94 (37.2)
	 
	 Excess
	124 (29.2)
	100 (39.5)
	 
	Gestational age at delivery

	 Full-term
	402 (94.6)
	235 (92.9)
	0.618

	 Pre-term
	21 (4.9)
	17 (6.7)
	 
	 Post-term
	2 (0.5)
	1 (0.4)
	 
	Birth weight of infants (kg)a
	3.3 ± 0.4
	3.3 ± 0.6
	0.832


Continuous variables were presented as mean ± SD and compared with Student’s t tests. Categorical variables were presented as proportions and compared with Chi-square tests
aOne missing value



Considering the different ways women accessed to nutrition instruction, the top three ways were obstetrics clinic (44.5%), online instruction (33.6%), and online courses (19.2%), respectively. Participants living in areas with over 500 COVID-19 cases were more likely to get more nutrition instructions from online instruction (e.g., using apps on cellphones) and online courses (Supplementary Table 1).
Multivariate analysis
Multivariate analysis showed that being over 30 years old, having higher pre-gestational BMI, living in regions with over 500 COVID-19 cases, and have excess GWG were associated with CS. The associations of history of metabolic disease and getting nutrition instructions with delivery mode were not significant (Table 3).
Table 3Multivariate analysis of associated factors of delivery mode


	Variables
	Crude
	Multivariate

	 	OR (95% CI)
	P
	OR (95% CI)
	P

	Age (years)

	 ≤ 30
	Ref
	 	Ref
	 
	 > 30
	1.88 (1.36, 2.59)
	< 0.001
	1.71 (1.21, 2.41)
	0.002

	Pre-gestational BMI (kg/m2)
	1.18 (1.12, 1.25)
	< 0.001
	1.16 (1.10, 1.23)
	< 0.001

	Number of COVID-19 cases in the resident region

	 ≤ 500
	Ref
	 	Ref
	 
	 > 500
	2.48 (1.80, 3.42)
	< 0.001
	2.45 (1.74, 3.45)
	< 0.001

	History of metabolic disease

	 No
	Ref
	 	Ref
	 
	 Yes
	1.82 (1.24, 2.67)
	0.002
	1.41 (0.93, 2.13)
	0.103

	Getting nutrition instruction

	 No
	Ref
	 	Ref
	 
	 Yes
	1.50 (1.08, 2.11)
	0.017
	1.35 (0.94, 1.95)
	0.107

	Gestational weight gain

	 Optimal
	Ref
	 	Ref
	 
	 Low
	1.24 (0.83, 1.86)
	0.291
	1.26 (0.82, 1.94)
	0.285

	 Excess
	1.72 (1.20, 2.46)
	0.003
	1.73 (1.17, 2.55)
	0.006


Factors with P < 0.05 in the univariate analysis were included in the multivariate logistic regression model
BMI body mass index, COVID-19 2019 novel coronavirus, OR odds ratio, Ref reference



Sensitivity analysis and subgroup analysis
In the sensitivity analysis, the associations of age, pre-gestational BMI, number of COVID-19 cases in the resident region, and GWG with delivery modes did not change after additionally including education level and getting regular prenatal check-ups in the multivariate model (Supplementary Table 2). The association also did not change in the subgroup analyses by excluding participants whose infants were preterm or post-term, whose infants had macrosomia and whose infant’s birth weight was missing, or who had metabolic diseases in pregnancy (Table 4).
Table 4Subgroup analysis of multivariate analysis on exploring associated factors of delivery mode


	Variables
	Model 1
	Model 2
	Model 3

	Number of cases
	637
	643
	543

	Age (years)

	 ≤ 30
	Ref
	Ref
	Ref

	 > 30
	1.67 (1.17, 2.38)
	1.83 (1.29, 2.61)
	1.83 (1.24, 2.70)

	Pre-gestational BMI (kg/m2)
	1.16 (1.09, 1.23)
	1.17 (1.10, 1.24)
	1.16 (1.09, 1.24)

	Number of COVID-19 cases in resident region

	 ≤ 500
	Ref
	Ref
	Ref

	 > 500
	2.48 (1.75, 3.53)
	2.54 (1.79, 3.63)
	2.72 (1.85, 4.03)

	History of metabolic disease

	 No
	Ref
	Ref
	Ref

	 Yes
	1.31 (0.86, 2.01)
	1.31 (0.85, 2.01)
	-

	Getting nutrition instruction

	 No
	Ref
	Ref
	Ref

	 Yes
	1.22 (0.84, 1.77)
	1.36 (0.93, 2.00)
	1.13 (0.75, 1.70)

	Gestational weight gain

	 Optimal
	Ref
	Ref
	Ref

	 Low
	1.23 (0.79, 1.92)
	1.27 (0.81, 1.97)
	1.01 (0.61, 1.64)

	 Excess
	1.74 (1.17, 2.59)
	1.79 (1.20, 2.68)
	1.70 (1.10, 2.64)


Multivariate logistic regression models were conducted to estimate odds ratios
Model 1: Participants with preterm (N = 38) or post-term (N = 3) birth were excluded
Model 2: Participants with fetal macrosomia (N = 34) or whose infant’s birth weight was missing (N = 1) were excluded
Model 3: Participants with metabolic diseases were excluded (N = 135)
BMI body mass index, COVID-19 2019 novel coronavirus, OR odds ratio, Ref reference



Discussion
In recent decades, psychosocial and sociocultural factors have been increasingly incorporated into theory on pregnancy in order to improve the scientific understanding of the factors that elevate or reduce reproductive risk [19]. With the subsequent development of a global pandemic, COVID-19 has significantly changed the lifestyles of pregnant women, raises anxiety and concerns, and bringing great impacts on their health management [13, 20]. With a multi-center design, this study is the first to report that there was a relatively high CS rate in China during the pandemic, especially in the areas that were severely affected by the disease.
When medically justified, a CS can prevent maternal and perinatal mortality and morbidity. However, currently available evidence shows that there was no important association between the CS rate and maternal and neonatal mortality when the CS rate exceeded 20% [21]. The WHO recommends that there is no justification for any region to have a CS rate higher than 10–15% [22]. Although China is considered as the country with the highest CS rate [23], according to Xinhua News reports, this is attributed to the government’s measures to control unnecessary birth surgeries; in megacities, there is an average 2.1% drop in the CS rate each year, while the percentage in most other cities remains stable [24]. In this study, we found CS rate is 37.3%, which is similar with it reported in pre-COVID-19 era (2018, 36.7%) [25]. However, we should pay attention; this study showed relatively high CS rates in severely affected regions. It is conceivable that the COVID-19 outbreak has more or less led to the current reported high CS rate.
Not surprisingly, more confirmed COVID-19 cases could bring more restrictions on daily life. Our previous study once reported a lower dietary diversity in populations living in severely affected areas than people living in places with less confirmed cases [26]. We also infer that women in severely affected places may be required to “shelter at home” and may have missed more prenatal examinations [5]. The current study also revealed a significantly higher percentage of “never attending” the regular prenatal check-ups by women living in the regions with more confirmed cases (8.9%) than by women living in less confirmed cases regions (2.3%). Further studies needed to explore the underlying reasons led to the skip of regular check-ups. In addition, one study also suggested the lockdown policy may interfere with the circadian rhythm of women and fetuses, which may have led to several adverse pregnancy outcomes and may result in CS [27]. These results advocate that more medical support and more targeted guidance should be implemented in severely affected regions.
Another important contributor to CS is GWG. In this study, we found that women who had excess GWG had 1.7 times higher risk of experiencing CS, and this result did not change its trend in the sensitivity analysis and subgroup analysis, which indicate the results are quite stable. This finding concurs with many previous studies conducted in different populations, including China [28–30]. According to a study conducted during the pandemic, people tend to put on weight caused by lack of enough physical activities and due to eating more food [31]. As a psychologist has warned, emotional eating easily occurs when people are under great social stress, e.g., COVID-19 outbreak, and may lead to failure of weight management [32]. Our previous study also confirmed, during pandemic, that emotional eating contributed to an excessive weight gain [33]. Although physical activities were found not associated with C-section in this study, we should notice that the moderate exercise could help manage an appropriate weight gain which could help to reduce the risk of CS [34]. Besides elevating the risk of CS, excess GWG could also bring lots of adverse pregnancy outcomes, such as macrosomia [35]. Further studies are needed to explore the risk factors that impact on maternal health management during disease outbreak and to provide more specific recommendations.
In the univariate analysis, we observed higher CS rate positively associated with a higher chance of getting nutrition instruction by health professionals and a marginally higher percentage to regularly attend the prenatal check-ups; however, these associations disappeared in the multivariate model, which adjusted for maternal age, pre-gestational BMI, and GWG. These findings may indicate that during lockdown time, prenatal health care services indeed reached women with higher risk. However, we found there were still great proportion of women that did not regularly attend the prenatal check-ups. When the regions are severely affected by disease, and it is hard to access the clinics due to lockdown policies, the online medical services may be one of the options. Mobile health clinics are a model that has been shown to be effectively used in emergency situations when traditional health care is disrupted [36]. In this study, we also observed women living in regions where confirmed cases over 500 were more likely to get nutrition instruction from online services. However, a small proportion of in-person visits were still necessary, such as for monitoring the fetus’s heartbeat and measuring the blood pressure. One US study also attempted to develop a drive-through prenatal care model in response to the coronavirus [37]. Appropriate health care models need to be explored to cope with the unprecedented challenges in accommodating the additional need to minimize the risk of COVID-19 exposure.
Limitations
There is no doubt of the causality between pregnancy characteristics and pregnancy outcomes in the current survey. However, as with any cross-sectional studies, the limitations of retrospective design are unavoidable, and the results should be generalized with caution. Recall bias might exist, especially on physical activities and pre-gestational weight. Although the multi-variant models and sensitivity analysis strategies were used to control the potential confounding factors such as metabolic disease, the residual confounding by unmeasured factors remains possible for the current findings. In addition, there are complex of factors that impact on pregnancy outcomes, such as nutrition and psychological factors. These factors may also be greatly affected by the lockdown; however, unfortunately, these variables were not measured in the current study. For measuring the severity of COVID-19, it should be noticed that in this study, the number of confirmed cases was from provincial level; the exact confirmed cases in city level cannot be accessed to. And since this study was conducted in urban areas, how COVID-19 affects the rural areas is still unknown and requires further research.
Conclusion
This study reported the CS rate is 37.3% among uninfected women living in urban areas of China. Besides maternal age and pre-gestational BMI, women living in severely affected regions and having an excess GWG were identified as being associated with a higher risk of CS. This study supports the need for more medical support to be conducted in severely affected areas. A dearth of studies on pregnancy health during the COVID-19 pandemic advocates further studies to confirm health threat on women and neonatal and to provide a more targeted support.
Supplementary information
Supplementary information accompanies this paper at https://​doi.​org/​10.​1186/​s12199-020-00899-w.
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