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Association between the COVID-19 pandemic and the risk for adverse pregnancy outcomes: a 

cohort study

ABSTRACT

Objectives The secondary impacts of the COVID-19 pandemic on adverse maternal and neonatal 

outcomes remain unclear. In this study, we aimed to evaluate the association between the 

COVID-19 pandemic and the risk for adverse pregnancy outcomes.

Design We conduced retrospective analyses on 2 cohorts comprising 7699 pregnant women in 

Beijing, China, and compared pregnancy outcomes between the pre-COVID-2019 cohort (women 

who delivered from May 20, 2019 to November 30, 2019) and the COVID-2019 cohort (women 

who delivered from January 20, 2020 to July 31, 2020). The secondary impacts of the 

COVID-2019 pandemic on pregnancy outcomes were assessed by using multivariate log-binomial 

regression models, and we used interrupted time-series regression (ITS) analysis to further 

control the effects of time-trends.

Setting One tertiary-level centre in Beijing, China

Participants 7699 pregnant women.

Results Compared with women in the pre-COVID-19 pandemic group, pregnant women during 

the COVID-2019 pandemic were more likely to be of advanced age, exhibit insufficient or 

excessive gestational weight gain, and show a family history of chronic disease (all P<0.05). After 

controlling for other confounding factors, the risk of premature rupture of membranes and 

foetal distress was increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 1.01, 1.29; p 

< 0.05), respectively, during the COVID-2019 pandemic. The association still remained in the ITS 

analysis after additionally controlling for time-trends (all P<0.01). We uncovered no other 

associations between the COVID-19 pandemic and other pregnancy outcomes (P >0.05).

Conclusions During the COVID-19 pandemic, more women manifested either insufficient or 

excessive gestational weight gain; and the risk of premature rupture of membranes and foetal 

distress was also higher during the pandemic.

Keywords: COVID-19, pregnancy outcome, cohort study
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Strengths and limitations of this study

A major strength of this study was our estimation of the secondary impacts of the COVID-19 

pandemic on adverse maternal and neonatal outcomes in China, the first such study of its kind.

We collected materials from the hospital-information system, which assured the accuracy of our 

data.

This study was of a retrospective nature and thus did not include physical exercise, diet, or 

psychological status, which might also be related to pregnancy outcomes.

The follow-up period in this study was only until delivery, such that the long-term impacts of the 

COVID-19 pandemic on women and their infants could not be explored.

Larger and multi-centre prospective cohort studies are needed to confirm and to clarify the 

findings of our study.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) has developed into the largest and deadliest pandemic 

respiratory disease. As of August 23, 2020, a total of 23,057,288 cases and 800,906 deaths have 

been reported to the World Health Organization (WHO). Perinatal research on COVID-19 is now 

primarily focused on pregnancy outcomes of women infected with SARS-CoV-2—including 

caesarean section1,2, foetal distress1, preterm birth3, and even maternal death4. However, the 

adverse secondary impacts of the COVID-19 pandemic on maternal and neonatal outcomes 

remain unknown.

Several investigators have explored the effects of the COVID-19 pandemic on the mental health 

of pregnant women5-8. Ahorsu et al. found that the fear of COVID-19 was associated with 

depression, suicidal intention, adverse mental-health effects, and diminished overall quality of 

life among pregnant women5. Some studies showed that the COVID-19 pandemic was associated 

with obstetric care9-12—including institutional deliveries, high-risk pregnancy9, intrapartum foetal 

heart rate monitoring, breastfeeding within 1 h of birth10, and prenatal diagnosis/screening tests; 

while others have shown an effect of the pandemic on causing adverse maternal and neonatal 

outcomes9,10,13-15. The COVID-19 pandemic was associated with higher percentages of gestational 
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hypertension13,14, gestational diabetes14, and premature rupture of membranes15. Goyal et al. 

reported that there was an increased rate of admission to the intensive care unit for pregnant 

women during the pandemic, compared with prior to COVID-199. Ashish et al. also found that 

both the rate of institutional stillbirth and institutional neonatal mortality increased significantly 

during the lockdown period in Nepal10.

However, a majority of investigators 9,10,13-15 have only compared the rate of adverse maternal 

and neonatal outcomes between the pre-COVID-19 period and the COVID-19 pandemic period 

without controlling important factors related to adverse pregnancy outcomes (e.g., parity, 

gestational weight gain, or a family history of chronic disease). Thus, it is evident that more 

research is needed regarding the effects of the pandemic on some specific adverse outcomes, 

including caesarean section, foetal distress, low birth weight, and macrosomia. Unfortunately, in 

none of the previously aforementioned studies was there an examination of the association 

between the COVID-19 pandemic and adverse pregnancy outcomes in mainland China.

Therefore, we aimed in the present study to evaluate the secondary impacts of the COVID-19 

pandemic on the risk of adverse pregnancy outcomes, using two cohorts (a pre-COVID-19 cohort 

and a COVID-19 cohort) to provide evidence for the implementation of targeted strategies that 

promote maternal and infant health during the COVID-19 pandemic.

METHODS

Study population

Two retrospective cohorts (pre-COVID-19 and during COVID-19) were analysed in this study, 

using the following inclusion criteria: (1) women with singleton pregnancies, (2) pregnant women 

who made prenatal visits to the Maternal and Child Health Hospital of Tongzhou District in 

Beijing, and (3) women who delivered between 2019 and July 31, 2020.

There were 8324 pregnant women who gave birth between January 1, 2019 and December 31, 

2019; and 3532 pregnant women who gave birth between January 1, 2020 and July 31, 2020. 

Although we herein focused on the overall effects of the COVID-19 pandemic, none of the 

participants was infected with SARS-CoV-2 (the virus that causes COVID-19), given that the first 

case in China was reported in December 2019 and the first case in Beijing was reported in 
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January 2020. To better assess the influence of the COVID-19 pandemic locally, we excluded the 

613 participants who delivered during December 2019; the 344 women who delivered between 

January 1, 2020 and January 19, 2020; and also the 3202 pregnant women who delivered 

between January 1, 2019 and May 19, 2019. Because we decided to only make close temporal 

comparisons in order to avoid certain potentially confounding factors (e.g., differing policies 

between 2019 and 2020), we chose women who delivered from May 20, 2019 to November 30, 

2019 as the pre-COVID-19 cohort; and those who delivered from January 20, 2020 to July 31, 

2020 as the COVID-19 cohort. We thus included 4511 pregnant women in the pre-COVID-19 

cohort and 3188 pregnant women in the COVID-19 cohort. However, in order to estimate the 

effects of the COVID-19 pandemic on other pregnancy outcomes (e.g., preterm birth and low 

birth weight), we excluded two stillbirth in the pre-COVID-19 cohort and three stillbirths in the 

COVID-19 cohort. We therefore ultimately included 4509 pregnant women who gave birth prior 

to the COVID-19 pandemic and 3185 pregnant women who gave birth during the COVID-19 

pandemic (supplemental Figure 1). This study was approved by the Institutional Review Boards at 

Peking University (IRB00001052-18003).

Data collection

Data were collected from the hospital-information system, including basic demographic 

characteristics (age, ethnicity, occupation, and education), pregnancy status (gravidity, parity, 

history of miscarriage, and history of induced abortion), health status (pre-pregnancy body mass 

index [BMI]), gestational weight gain, a family history of chronic disease, and the number of 

prenatal visits. Of these characteristics, pre-pregnancy BMI was categorized based on the WHO 

cut-off points;  gestational weight gain was calculated as the difference between weight at the 

last routine pregnancy visit and the pre-pregnancy weight; and the rate of gestational weight 

gain was calculated as the gestational weight gain/the gestational weeks at the last routine 

pregnancy visit. Categorization was in accordance with IOM criteria: gestational weight gain was 

classified as insufficient, appropriate, or excessive16; and a family history of chronic disease was 

principally with respect to whether the maternal parents or maternal grandparents manifested 

cardiovascular diseases such as heart disease and diabetes. The number of prenatal visits was 

not fewer than 8 times per year as recommended by the WHO17.
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Assessment of pregnancy outcomes

For this study we obtained information on pregnancy outcomes according to the ICD codes of 

discharge diagnosis, including gestational hypertension, gestational diabetes (GDM), premature 

rupture of membranes, delivery mode, stillbirth, foetal distress, preterm birth, low birth weight, 

and macrosomia. Preterm birth was defined as less than 37 weeks of gestation based on the 

interval between the last menstrual period and the date of delivery of the baby. Delivery mode 

was categorized as either caesarean section or vaginal delivery. Caesarean section included both 

medical and psychosocial indications, and vaginal delivery included spontaneous vaginal and 

assisted vaginal births. Infant birth weight was divided into low birth weight (< 2500 g) and 

macrosomia (> 4000 g).

Statistical analyses

We compared the characteristics of women before and during the COVID-19 pandemic by using 

the χ2 or t test. The χ2 test was also used to compare pregnancy outcomes of women before and 

during the pandemic. Given that odds ratios (ORs) cannot provide accurate estimates for the 

relative risks (RRs) in the cohort studies, we used univariate and multivariate log-binomial 

regression models to estimate the crude risk ratios (cRRs) and adjusted risk ratios (aRRs) of the 

impacts of the COVID-19 pandemic on adverse pregnancy outcomes using the SAS Software 

Package V.9.4, (SAS Institute). We also calculated the attributable risk percentage (AR%, 95% CI). 

We performed sensitivity analysis by fitting different models to examine the robustness of the 

estimation, and 3 models were fitted. The first (model A) was unadjusted; the second (model B) 

was adjusted for baseline demographic characteristics (maternal age, ethnicity, occupation, 

education); and the third model (full-model C) was further adjusted for pregnancy condition 

(gravidity, parity, history of miscarriage, history of induced abortion) and health status 

(pre-pregnancy BMI, gestational weight gain [GWG], family history of chronic disease, and the 

number of prenatal visits). We additionally added a full-model C by replacing categorical 

variables with continuous variables, including maternal age, gravidity, parity, history of 

miscarriage, history of induced abortion, pre-pregnancy BMI, the rate of gestational weight gain, 

and the number of prenatal visits. Since interrupted time-series regression (ITS) analysis is useful 

for evaluating population-level health interventions with a clearly defined point in time 18, we 
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conducted ITS to examine the impacts of COVID-19 on pregnancy outcomes using R 3.4.2 

(R-team)18. A 2-sided value of P<0.05 was considered to be statistically significant for all of the 

analyses.

RESULTS

A total of 7699 women were included in this study, with a mean age of 30.07 (±3.98, SD) and an 

average gestational week of 38.90 (± 1.46) weeks; 93.87% were of Han ethnicity, 11.83% were 

unemployed, and 56.97% had a bachelor’s degree or less. Characteristics of the study population 

are provided in Table 1. Compared with women in the pre-COVID-19 pandemic group, pregnant 

women during the COVID-19 pandemic were more likely to be of advanced age (15.53% vs. 

13.30%, respectively), show insufficient (28.58% vs. 26.69%) or excessive gestational weight gain 

(32.21% vs. 31.32%), have a family history of chronic disease (14.18% vs 10.74%), and have ≥8 

prenatal visits (9.50% vs. 11.55%, respectively; all P<0.05). Other characteristics were not 

significantly different between the two groups (all P>0.05).

The prevalences of caesarean sections and premature rupture of membranes were higher during 

the COVID-19 pandemic period compared with women prior to the pandemic (48.16% vs. 

45.80%, P=0.040; and 33.59% vs. 30.72%, respectively; P=0.008). However, the prevalences of 

other pregnancy outcomes were not significantly different during the COVID-19 pandemic 

compared with the pre-pandemic period (P>0.05, Table 2).

In our log-binomial regression models, and after adjusting for all confounding factors, the risk for 

premature rupture of membranes and foetal distress during the COVID-19 pandemic compared 

to pre-COVID-19 women was increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 

1.01, 1.29; p < 0.05), respectively (Table 3). Additionally, the attributable risk percentage of the 

COVID-19 pandemic on premature rupture of membranes was 9.91 (95% CI, 3.84, 15.25), and the 

attributable risk percentage of the pandemic on foetal distress was 12.28 (95% CI, 0.99, 22.48). 

However, we uncovered no other associations between the COVID-19 pandemic and other 

pregnancy outcomes, and demonstrated similar results for the additional full-model C (as shown 

in supplemental table 2). After controlling for time-trends in the interrupted time-series 

regression, the COVID-19 pandemic was still associated with an increased risk of premature 

Page 8 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 8 / 20

rupture of membranes (P<0.001, Figure 1) and foetal distress (P<0.01, Figure 2).

DISCUSSION

To the best of our knowledge, this is the first cohort study to focus on secondary impacts of the 

COVID-19 pandemic on pregnancy outcomes in mainland China. Herein, we showed that more 

pregnant women were of advanced age, with abnormal gestational weight gain, and a family 

history of chronic disease during the COVID-19 pandemic. The risks of premature rupture of 

membranes and foetal distress among pregnant women who gave birth during the COVID-19 

pandemic were also higher than in those women who gave birth before the pandemic.

Although researchers had previously found that the prevalence of premature rupture of 

membranes in pregnant women infected with the novel coronavirus was relatively high2,19-21, few 

had explored the secondary impacts of the COVID-19 pandemic on this adverse pregnancy 

outcome. Kugelman et al. found that there was a higher proportion of women who had 

premature rupture of membranes in a COVID-19 cohort (20.6% vs. 11.0%, p<0.001)15; and in the 

present study, we also found that the proportion of women who presented with premature 

rupture of membranes was higher in the COVID-19 cohort (33.59% vs. 30.72%, P=0.008). 

Compared to women pre-COVID-19, we observed that the risk of premature rupture of 

membranes during the COVID-19 pandemic was increased by 11% (95% CI, 1.04, 1.18; p < 0.01). 

Premature rupture of membranes may additionally be associated with increased maternal 

anxiety during the COVID-19 pandemic6,7. Studies have shown that as the severity of the 

pandemic increased, the level of anxiety among pregnant women also increased22; and that 

maternal anxiety and depression were associated with premature rupture of membranes 

23because of the decreased levels of creatine and choline24 and an altered diurnal pattern of 

cortisol (manifested as a flattened cortisol decline and higher evening cortisol) 25,26. We also 

found that the risk of foetal distress was increased during the pandemic, but noted a general lack 

of published research on this topic. The association might be related to enhanced psychological, 

neuroendocrine, and neurochemical changes caused by social-isolation stress during the 

COVID-19 pandemic27. Many countries took measures to control the transmission of the virus by 

keeping social distance (e.g., stay-at-home orders, the cancellation of public events, lockdown), 
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which may increase the risk of social-isolation stress for pregnant women27. In one study, it was 

reported that one-third of women underwent an inadequate number of antenatal visits because 

of the lockdown for fear of contracting infection, resulting in 44.7% of pregnancies showing 

complications9. In addition, women pregnant during the COVID-19 pandemic might not have 

visited the hospital as frequently as in a non-pandemic time, which might have led to under 

instruction in perinatal healthcare and inadequate receipt of routine medical services 28. 

However, the specific mechanism(s) underlying the effects on pregnancy of the COVID-19 

pandemic remains unclear. In order to reduce the impact of COVID-19 pandemic on 

psychological health and increase the usage of perinatal healthcare for pregnant women during 

the pandemic, the National Health Commission of China launched a new notice on February 8, 

2020 that proposed strengthening health counselling, screening, and follow-ups for pregnant 

women29. Besides, local hospital had tried their best to ensure the access to prenatal care by 

taking comprehensive measures (e.g., online appointment service, online consultation work, 

outpatient service and so on) to minimize the influence of COVID-19 pandemic on pregnancy and 

medical services. Nevertheless, our study showed that the secondary impacts of COVID-19 on 

pregnant women should draw greater attention, especially with respect to the premature 

rupture of membranes and foetal distress.

In our study, the prevalence of caesarean sections among pregnant women experiencing the 

COVID-19-pandemic was higher than in the group prior to the pandemic, which may be related 

to the higher proportions of caesarean-section indices that included foetal distress. We also 

found that there was a greater proportion of women aged ≥35 years in the COVID-19 cohort, 

and that this cohort contained more women with a family history of chronic disease. Kugelman 

et al. additionally found that women visited the obstetrical emergency department at a more 

advanced mean gestational age during the pandemic outbreak, compared with the pre-COVID 

period 15. We surmised that this may be related to the 2-child policy implemented in January of 

2016 in China. Zhao et al. found that the percentages of older pregnant women increased 

significantly in 2017 and 2018 compared with numbers in 2014, 2015 and 201630. These results 

suggest that attention should be paid to the health status of pregnant women, especially those 

women of advanced reproductive age and with a family history of chronic diseases. Pregnant 
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women who visit outpatient clinics should also be followed as often as possible, and the 

psychological and emotional states of these women should be assessed and monitored in 

follow-up visits to address the possible risks of adverse pregnancy complications and outcomes31.

The strengths of this study included its cohort-study design and use of well-established 

methods to detect the impacts of the COVID-19 pandemic on pregnancy outcomes, and we thus 

included two cohorts (a pre-COVID-19 cohort and a COVID-19 cohort), using the same study site. 

In addition, using log-binomial regression models and interrupted time-series analysis, we were 

able to evaluate the impact of a policy change or natural intervention (such as a pandemic).

There were some limitations to our study. First, this study was a retrospective study. We did 

not collect data on physical exercise, diet, or psychological status, which might also be related to 

pregnancy outcomes. The follow-up period for this study was only up to delivery, such that 

long-term impacts of the COVID-19 pandemic on women and their infants could not be explored. 

Second, this is a single-centre cohort study, and we only included participants at 1 hospital in 

Beijing. Therefore, these results may have limited relevance to other health-care systems outside 

of Beijing. Larger and multi-centre prospective cohort studies are therefore needed in the future 

to confirm and clarify the findings of our study. Finally, due to the lack of specific individual 

obstetric-management records, we could not investigate the impacts of specific measures on 

pregnancy outcomes.

In summary, in the present study, we demonstrated that there were more pregnant women of 

an advanced age, with abnormal gestational weight gain, and with a family history of chronic 

disease during the COVID-19 pandemic. The risk for premature rupture of membranes and foetal 

distress in pregnant women during the pandemic was also higher than in pregnant women 

before the COVID-19 pandemic. Our findings highlight the importance of improved management 

during pregnancy to reduce adverse maternal and infant outcomes, especially with respect to 

premature rupture of membranes and foetal distress. However, larger and multi-center cohort 

studies are needed to confirm and clarify our findings.
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Table 1 Characteristics of 7699 pregnant women before and during the COVID-19 

pandemic

Items N / Mean (SD) Pre COVID-19

(N,%; mean, SD)

COVID-19

(N,%; mean, SD)

χ2/ t P

Maternal age (years) 30.07 (3.98) 29.92 (3.91) 30.29 (4.08) -3.42 0.001

Maternal age (years) 8.262 0.016

  ≤24 487 297 (6.58) 190 (5.96)

  25-35 6117 3614 (80.12) 2503 (78.51)

  ≥35 1095 600 (13.30) 495 (15.53)

Ethnicity

  Han 7227 4236 (93.90) 2991 (93.82) 0.022 0.881

  Other 472 275 (6.10) 197 (6.18)

Occupation 0.202 0.653

  Unemployed 911 528 (11.73) 383 (12.07)

  Employed 6762 3972 (88.27) 2790 (87.93)

Education 7.782 0.051

  Primary school or less 34 22 (0.49) 12 (0.38)

  Junior high school 578 355 (7.88) 223 (7.02)

  Senior high school 3774 2251 (49.94) 1523 (47.92)

  Undergraduate or above 3299 1879 (41.69) 1420 (44.68)

Gravidity 1.99 (1.08) 1.99 (1.07) 2.00 (1.08) -0.223 0.823
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Gravidity 1.883 0.39

  1 3068 1809 (40.10) 1259 (39.49)

  2 2523 1451 (32.17) 1072 (33.63)

  ≥3 2108 1251 (27.73) 857 (26.88)

Parity 0.43 (0.53) 0.43 (0.52) 0.44 (0.54) -0.815 0.415

Parity 1.362 0.506

  1 3195 1849 (40.99) 1346 (42.22)

  2 119 68 (1.51) 51 (1.60)

  ≥3 4385 2594 (57.50) 1791 (56.18)

History of miscarriage 0.09 (0.32) 0.08 (0.32) 0.09 (0.33) -1.18 0.239

History of miscarriage 579 328 (7.27) 251 (7.87) 0.974 0.324

History of induced abortion 0.47 (0.76) 0.48 (0.76) 0.46 (0.76) 0.88 0.379

History of induced abortion 2601 1559 (34.58) 1042 (32.69) 2.982 0.084

Family history of chronic disease 929 481 (10.74) 448 (14.18) 20.536 <0.000

1

Pre-pregnancy BMI, kg/m2 22.04 (3.12) 22.09 (3.17) 21.97 (3.17) 1.45 0.147

Pre-pregnancy BMI, kg/m2 2.465 0.482

  Underweight (18.5) 676 392 (8.69) 284 (8.91)

  Normal (18.5–24.9) 5717 3375 (74.82) 2342 (73.46)

  Overweight (25-29.9) 1079 610 (13.52) 469 (14.71)

  Obese (30) 227 134 (2.97) 93 (2.92)

The rate of gestational weight 0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.035 0.301
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gain (kg /week)

Gestational weight gain 6.412 0.041

  Insufficient 2115 1204 (26.69) 911 (28.58)

  Appropriate 3144 1894 (41.99) 1250 (39.21)

  Excessive 2440 1413 (31.32) 1027 (32.21)

Prenatal visits 11.95 (3.25) 11.98 (3.27) 11.90 (3.23) 0.892 0.373

Prenatal visits 8.175 0.004

  <8 824 521 (11.55) 303 (9.50)

  ≥8 6875 3990 (88.45) 2885 (90.50)

  Total 7699 4511 (58.59) 3188 (41.41)

Missing data: occupation, 26 (0.34%); education, 14 (0.18%); history of induced abortion, 

2 (0.03%); and family history of chronic disease, 59 (0.77%).
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Table 2 Pregnancy outcomes before and during the COVID-19 pandemic

Prevalence of outcomes 

(%)

Pre-COVID-19 (%) COVID-19 (%) χ2 P

Adverse maternal outcomes

Gestational diabetesb 1262 (27.99) 872 (27.38) 0.347 0.556

Gestational hypertensionb 281 (6.23) 196 (6.15) 0.020 0.889

Premature rupture of 

membranesb

1385 (30.72) 1070 (33.59) 7.119 0.008

Caesarean sectionb 2065 (45.80) 1534 (48.16) 4.197 0.040

Adverse foetal outcomes

  Stillbirth 2 (0.04) 3 (0.09) 0.713 0.411a

  Foetal distressb 527 (11.69) 418 (13.12) 3.574 0.059

  Preterm birthb 199 (4.41) 121 (3.80) 1.767 0.184

  Low birth weightb 137 (3.04) 96 (3.01) 0.004 0.951

  Macrosomiab 304 (6.74) 213 (6.69) 0.009 0.925

Note: aFisher exact test; bthese pregnancy outcomes were all based on the data from 7694 

live births.

Page 19 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 19 / 20

Table 3 The influence of the COVID-19 pandemic on pregnancy outcomes

Model A Model B Model C 
Pregnancy outcomes

cRR (95% CI) P aRR (95% CI) P aRR (95% CI) P

Adverse maternal outcomes

Gestational diabetesb 0.98 (0.91, 

1.05)

0.556  0.97 (0.90, 1.05) 0.46

0

0.95 (0.88, 

1.02)

0.136

Gestational hypertensionb 0.99 (0.83, 

1.18)

0.889 0.99 (0.83, 1.18) 0.92

0

0.96 (0.80, 

1.14) 

0.627

Premature rupture of 

membranesb

1.09 (1.02, 

1.17)

0.007 1.10 (1.03, 1.17) 0.00

6

1.11 (1.04, 

1.18)

0.003

Caesarean sectionb 1.05 (1.00, 

1.10)

0.040 1.05 (1.00, 1.10) 0.05

5

1.05 (1.00, 

1.10)

0.057

Adverse foetal outcomes

  Stillbirth 1.00 (1.00, 100) 0.427 1.00 (1.00, 1.00) 0.38

2

1.00 (1.00, 

1.00)

0.387

  Foetal distressb 1.12 (1.00, 

1.27)

0.059 1.12 (1.00, 1.27) 0.06

1

1.14 (1.01, 

1.29)

0.028

  Preterm birthb 0.86 (0.69, 

1.07)

0.184 0.84 (0.68, 1.05) 0.13

5

0.86 (0.69, 

1.08) 

0.190

  Low birth weightb 0.99 (0.77, 

1.28)

0.951 0.99 (0.77, 1.28) 0.95

4

1.00 (0.78, 

1.30)

0.983

  Macrosomiab 0.99 (0.84, 0.925  1.00 (0.85, 1.19) 0.99 1.00(0.85, 0.975
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1.17) 1.19) 

Note: cRR, crude risk ratio; aRR, adjusted risk ratio; bthese pregnancy outcomes were all 

based on the data from 7694 live births.

Model A: a univariate model without controlling for any confounding factors;

Model B: controls for demographic characteristics (age, ethnicity, occupation, and 

education);

Model C: based on Model B, supplemented to control for gravidity, parity, history of 

miscarriage, history of induced abortion, pregnancy BMI, gestational weight gain, family 

history of chronic disease, and the number of prenatal visits.

Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of 
membranes

Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress
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Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of membranes 
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Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress 
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Supplemental Table 1 Characteristics of 7694 pregnant women before and during 

COVID-19 pandemic 

Items N / Mean (SD) Pre COVID-19 

(N,%; mean, SD) 

COVID-19 

(N,%; mean, SD) 

χ2/ t P 

Maternal age (years) 30.20 (3.95) 30.01 (3.89) 30.45 (4.03) -4.771 <0.0001 

Maternal age (years)    8.301 0.016 

  ≤24 487 (6.33) 297 (6.59) 190 (5.97)   

  25-35 6112 (79.44) 3612 (80.11) 2500 (78.49)   

  ≥35 1095 (14.23) 600 (13.31) 495 (15.54)   

Ethnicity    0.024 0.876 

  Han 7222 (93.87) 4234 (93.90) 2988 (93.81)   

  Other 472 (6.13) 275 (6.10) 197 (6.19)   

Occupation    0.13 0.677 

  Unemployed 910 (11.87) 528 (11.74) 382 (12.05)   

  Employed 6758 (88.13) 3970 (88.26) 2788 (87.95)   

Education    7.683 0.053 

  Primary school or less 33 (0.43) 21 (0.47) 12 (0.38)   

  Junior high school 578 (7.53) 355 (7.88) 223 (7.02)   

  Senior high school  3772 (49.11) 2251 (49.97) 1521 (47.91)   

  Undergraduate or above 3297 (42.93) 1878 (41.69) 1419 (44,69)   

Gravidity 2.01 (1.10) 2.01 (1.13) 2.01 (1.07) 0.165 0.869 

Gravidity    1.988 0.370 

  1 3067 (39.86) 1809 (40.12) 1258 (39.50)   

  2 2522 (32.78) 1450 (32.16) 1072 (33.66)   

  ≥3 2105 (27.36) 1250 (27.72) 855 (26.84)   

Parity 0.45 (0.53) 0.44 (0.53) 0.46 (0.54) -1.178 0.239 

Parity    1.370 0.504 

  1 3191 (41.47) 1847 (40.96) 1344 (42.20)   

  2 119 (1.55) 68 (1.51) 51 (1.60)   

  ≥3 4384 (56.98) 2594 (57.53) 1790 (56.20)   

History of miscarriage 0.08 (0.32) 0.08 (0.31) 0.09 (0.32) -0.955 0.339 

History of miscarriage 579 (7.72) 328 (7.27) 251 (7.88) 0.986 0.321 

History of induced abortion 0.47 (0.77) 0.48 (0.78) 0.45 (0.76) 1.334 0.182 

History of induced abortion 2598 (33.78) 1558 (34.57) 1040 (32.65) 3.061 0.080 

Family history of chronic disease 927 (12.14) 480 (10.72) 447 (14.16) 20.540 <0.001 

Pre-pregnancy BMI, kg/m
2
 22.24 (3.33) 22.22 (3.30) 22.27 (3.36) -0.564 0.573 

Pre-pregnancy BMI, kg/m
2
    2.467 0.481 

  Underweight (18.5) 676 (8.79) 392 (8.69) 284 (8.92)   

  Normal (18.5–24.9) 5714 (74.27) 3374 (74.83) 2340 (73.47)   

  Overweight (25-29.9) 1077 (14.00) 609 (13.51) 468 (14.69)   

  Obese (30) 227 (2.95) 134 (2.97) 93 (2.92)   

The rate of gestational weight 0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.044 0.297 
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gain (kg /week) 

Gestational weight gain    6.338 0.042 

  Insufficient 2112 (27.45) 1203 (26.68) 909 (28.54)   

  Appropriate 3142 (40.84) 1893 (41.98) 1249 (39.22)   

  Excessive 2440 (31.71) 1413 (31.34) 1027 (32.24)   

Prenatal visits 11.89 (3.37) 11.91 (3.43) 11.86 (3.27) 0.562 0.574 

Prenatal visits    8.225 0.004 

  <8 822 (10.68) 520 (11.53) 302 (9.48)   

  ≥8 6872 (89.32) 3989 (88.47) 2883 (90.52)   

  Total 7694 (100) 4509 (58.60) 3185 (41.40)   

Missing data: occupation 26 (0.34%), education 14 (0.18%) history of induced abortion 2 

(0.03%), and family history of chronic disease 59 (0.77%). 

 

 

 

 

 

Supplemental Figure 1 The diagram of included and excluded participants 
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Supplemental table 2 The influence of COVID-19 pandemic on pregnancy outcome 

 

Pregnancy outcomes Model C (full model) 

aRR (95%CI) P 

Maternal adverse outcomes   

Gestational diabetes
b
 0.93 (0.87, 1.01)     0.066 

Gestational hypertension
b
 0.94 (0.77, 1.14) 0.52 

Premature rupture of membranes
b
 1.10 (1.03, 1.20) 0.007 

Caesarean section
b
 1.04 (0.98, 1.10)    0.189 

Fetal adverse outcomes 
  

Stillbirth 1.00 (1.00, 1.00) 0.647 

Fetal distress
b
 1.14 (1.01, 1.28) 0.033 

Preterm birth
b
 0.75 (0.56, 1.02) 0.063 

Low birth weight
b
 0.87 (0.61, 1.24) 0.441 

Macrosomia
b
 

1.05 (0.87, 1.26) 0.608 

Note：aRR, adjusted risk ratio; b these pregnancy outcomes all based on 7694 live birth data. 

Model C: controlling maternal age, ethnicity, occupation, education, gravidity, parity, history 

of miscarriage, history of induced abortion, pregnancy BMI, the rate of gestational weight 

gain, family history of chronic disease, the number of prenatal visit. 
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3-4

Objectives 3 State specific objectives, including any pre-specified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4-5

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

4-5Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

4-5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5-6

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

5-6

Bias 9 Describe any efforts to address potential sources of bias 6
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
5-6

(a) Describe all statistical methods, including those used to control for confounding 6-7

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed n/a

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed

6
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses 6

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
7

(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram 5

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

7

(b) Indicate number of participants with missing data for each variable of interest 17
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 4-5

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 7
Case-control study—Report numbers in each exposure category, or summary measures of exposure n/a
Cross-sectional study—Report numbers of outcome events or summary measures n/a

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

7

(b) Report category boundaries when continuous variables were categorized 5
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period 7

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7-8
Discussion
Key results 18 Summarise key results with reference to study objectives 8-10
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
10

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

8-10

Generalisability 21 Discuss the generalisability (external validity) of the study results 10
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
11

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Association between the COVID-19 pandemic and the risk for adverse pregnancy outcomes: a 

cohort study

ABSTRACT

Objectives The secondary impacts of the COVID-19 pandemic on adverse maternal and neonatal 

outcomes remain unclear. In this study, we aimed to evaluate the association between the COVID-

19 pandemic and the risk for adverse pregnancy outcomes.

Design We conduced retrospective analyses on 2 cohorts comprising 7699 pregnant women in 

Beijing, China, and compared pregnancy outcomes between the pre-COVID-2019 cohort (women 

who delivered from May 20, 2019 to November 30, 2019) and the COVID-2019 cohort (women 

who delivered from January 20, 2020 to July 31, 2020). The secondary impacts of the COVID-2019 

pandemic on pregnancy outcomes were assessed by using multivariate log-binomial regression 

models, and we used interrupted time-series regression (ITS) analysis to further control the effects 

of time-trends.

Setting One tertiary-level centre in Beijing, China

Participants 7699 pregnant women.

Results Compared with women in the pre-COVID-19 pandemic group, pregnant women during the 

COVID-2019 pandemic were more likely to be of advanced age, exhibit insufficient or excessive 

gestational weight gain, and show a family history of chronic disease (all P<0.05). After controlling 

for other confounding factors, the risk of premature rupture of membranes and foetal distress was 

increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 1.01, 1.29; p < 0.05), respectively, 

during the COVID-2019 pandemic. The association still remained in the ITS analysis after 

additionally controlling for time-trends (all P<0.01). We uncovered no other associations between 

the COVID-19 pandemic and other pregnancy outcomes (P >0.05).

Conclusions During the COVID-19 pandemic, more women manifested either insufficient or 

excessive gestational weight gain; and the risk of premature rupture of membranes and foetal 

distress was also higher during the pandemic.

Keywords: COVID-19, pregnancy outcome, cohort study
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Strengths and limitations of this study

A major strength of this study was our estimation of the secondary impacts of the COVID-19 
pandemic on adverse maternal and neonatal outcomes in China, the first such study of its kind.

We collected materials from the hospital-information system, which assured the accuracy of our 
data.

This study was of a retrospective nature and thus did not include physical exercise, diet, or 
psychological status, which might also be related to pregnancy outcomes.

The follow-up period in this study was only until delivery, such that the long-term impacts of the 
COVID-19 pandemic on women and their infants could not be explored.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) has developed into the largest and deadliest pandemic 

respiratory disease. As of August 23, 2020, a total of 23,057,288 cases and 800,906 deaths have 

been reported to the World Health Organization (WHO). Perinatal research on COVID-19 is now 

primarily focused on pregnancy outcomes of women infected with SARS-CoV-2—including 

caesarean section1,2, foetal distress1, preterm birth3, and even maternal death4. However, the 

adverse secondary impacts of the COVID-19 pandemic on maternal and neonatal outcomes remain 

unknown.

Several investigators have explored the effects of the COVID-19 pandemic on the mental health of 

pregnant women5-8. Ahorsu et al. found that the fear of COVID-19 was associated with depression, 

suicidal intention, adverse mental-health effects, and diminished overall quality of life among 

pregnant women5. Some studies showed that the COVID-19 pandemic was associated with 

obstetric care9-12—including institutional deliveries, high-risk pregnancy9, intrapartum foetal heart 

rate monitoring, breastfeeding within 1 h of birth10, and prenatal diagnosis/screening tests; while 

others have shown an effect of the pandemic on causing adverse maternal and neonatal 

outcomes9,10,13-15. The COVID-19 pandemic was associated with higher percentages of gestational 

hypertension13,14, gestational diabetes14, and premature rupture of membranes15. Goyal et al. 

reported that there was an increased rate of admission to the intensive care unit for pregnant 

women during the pandemic, compared with prior to COVID-199. Ashish et al. also found that both 
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the rate of institutional stillbirth and institutional neonatal mortality increased significantly during 

the lockdown period in Nepal10.

However, a majority of investigators 9,10,13-15 have only compared the rate of adverse maternal 

and neonatal outcomes between the pre-COVID-19 period and the COVID-19 pandemic period 

without controlling important factors related to adverse pregnancy outcomes (e.g., parity, 

gestational weight gain, or a family history of chronic disease). Thus, it is evident that more 

research is needed regarding the effects of the pandemic on some specific adverse outcomes, 

including caesarean section, foetal distress, low birth weight, and macrosomia. Unfortunately, in 

none of the previously aforementioned studies was there an examination of the association 

between the COVID-19 pandemic and adverse pregnancy outcomes in mainland China.

Therefore, we aimed in the present study to evaluate the secondary impacts of the COVID-19 

pandemic on the risk of adverse pregnancy outcomes, using two cohorts (a pre-COVID-19 cohort 

and a COVID-19 cohort) to provide evidence for the implementation of targeted strategies that 

promote maternal and infant health during the COVID-19 pandemic.

METHODS

Study population

Two retrospective cohorts (pre-COVID-19 and during COVID-19) were analysed in this study, using 

the following inclusion criteria: (1) women with singleton pregnancies, (2) pregnant women who 

made prenatal visits to the Maternal and Child Health Hospital of Tongzhou District in Beijing, and 

(3) women who delivered between 2019 and July 31, 2020.

There were 8324 pregnant women who gave birth between January 1, 2019 and December 31, 

2019; and 3532 pregnant women who gave birth between January 1, 2020 and July 31, 2020. 

Although we herein focused on the overall effects of the COVID-19 pandemic, none of the 

participants was infected with SARS-CoV-2 (the virus that causes COVID-19), given that the first 

case in China was reported in December 2019 and the first case in Beijing was reported in January 

2020. To better assess the influence of the COVID-19 pandemic locally, we excluded the 613 

participants who delivered during December 2019; the 344 women who delivered between 

January 1, 2020 and January 19, 2020; and also the 3202 pregnant women who delivered between 

January 1, 2019 and May 19, 2019. Because we decided to only make close temporal comparisons 
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in order to avoid certain potentially confounding factors (e.g., differing policies between 2019 and 

2020), we chose women who delivered from May 20, 2019 to November 30, 2019 as the pre-

COVID-19 cohort; and those who delivered from January 20, 2020 to July 31, 2020 as the COVID-

19 cohort. We thus included 4511 pregnant women in the pre-COVID-19 cohort and 3188 pregnant 

women in the COVID-19 cohort. However, in order to estimate the effects of the COVID-19 

pandemic on other pregnancy outcomes (e.g., preterm birth and low birth weight), we excluded 

two stillbirth in the pre-COVID-19 cohort and three stillbirths in the COVID-19 cohort. We therefore 

ultimately included 4509 pregnant women who gave birth prior to the COVID-19 pandemic and 

3185 pregnant women who gave birth during the COVID-19 pandemic (supplemental Figure 1 and 

supplemental Table 1). This study was approved by the Institutional Review Boards at Peking 

University (IRB00001052-18003).

Data collection

Data were collected from the hospital-information system, including basic demographic 

characteristics (age, ethnicity, occupation, and education), pregnancy status (gravidity, parity, 

history of miscarriage, and history of induced abortion), health status (pre-pregnancy body mass 

index [BMI]), gestational weight gain, a family history of chronic disease, and the number of 

prenatal visits. Of these characteristics, pre-pregnancy BMI was categorized based on the WHO 

cut-off points; gestational weight gain was calculated as the difference between weight at the last 

routine pregnancy visit and the pre-pregnancy weight; and the rate of gestational weight gain was 

calculated as the gestational weight gain/the gestational weeks at the last routine pregnancy visit. 

Categorization was in accordance with IOM criteria: gestational weight gain was classified as 

insufficient, appropriate, or excessive16; and a family history of chronic disease was principally with 

respect to whether the maternal parents or maternal grandparents manifested cardiovascular 

diseases such as heart disease and diabetes. The number of prenatal visits was not fewer than 8 

times per year as recommended by the WHO17.

Assessment of pregnancy outcomes

For this study we obtained information on pregnancy outcomes according to the ICD codes of 

discharge diagnosis, including gestational hypertension, gestational diabetes (GDM), premature 

rupture of membranes, delivery mode, stillbirth, foetal distress, preterm birth, low birth weight, 

and macrosomia. Preterm birth was defined as less than 37 weeks of gestation based on the 
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interval between the last menstrual period and the date of delivery of the baby. Delivery mode 

was categorized as either caesarean section or vaginal delivery. Caesarean section included both 

medical and psychosocial indications, and vaginal delivery included spontaneous vaginal and 

assisted vaginal births. Infant birth weight was divided into low birth weight (< 2500 g) and 

macrosomia (> 4000 g).

Statistical analyses

We compared the characteristics of women before and during the COVID-19 pandemic by using 

the χ2 or t test. The χ2 test was also used to compare pregnancy outcomes of women before and 

during the pandemic. Given that odds ratios (ORs) cannot provide accurate estimates for the 

relative risks (RRs) in the cohort studies, we used univariate and multivariate log-binomial 

regression models to estimate the crude risk ratios (cRRs) and adjusted risk ratios (aRRs) of the 

impacts of the COVID-19 pandemic on adverse pregnancy outcomes using the SAS Software 

Package V.9.4, (SAS Institute). We also calculated the attributable risk percentage (AR%, 95% CI). 

We performed sensitivity analysis by fitting different models to examine the robustness of the 

estimation, and 3 models were fitted. The first (model A) was unadjusted; the second (model B) 

was adjusted for baseline demographic characteristics (maternal age, ethnicity, occupation, 

education); and the third model (full-model C) was further adjusted for pregnancy condition 

(gravidity, parity, history of miscarriage, history of induced abortion) and health status (pre-

pregnancy BMI, gestational weight gain [GWG], family history of chronic disease, and the number 

of prenatal visits). We additionally added a full-model C by replacing categorical variables with 

continuous variables, including maternal age, gravidity, parity, history of miscarriage, history of 

induced abortion, pre-pregnancy BMI, the rate of gestational weight gain, and the number of 

prenatal visits. Since interrupted time-series regression (ITS) analysis is useful for evaluating 

population-level health interventions with a clearly defined point in time 18, we conducted ITS to 

examine the impacts of COVID-19 on pregnancy outcomes using R 3.4.2 (R-team)18. A 2-sided value 

of P<0.05 was considered to be statistically significant for all of the analyses.

Patient and Public Involvement

No patients were involved in this anonymous data set.

RESULTS
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A total of 7699 women were included in this study, with a mean age of 30.07 (±3.98, SD) and an 

average gestational week of 38.90 (± 1.46) weeks; 93.87% were of Han ethnicity, 11.83% were 

unemployed, and 56.97% had a bachelor’s degree or less. Characteristics of the study population 

are provided in Table 1. Compared with women in the pre-COVID-19 pandemic group, pregnant 

women during the COVID-19 pandemic were more likely to be of advanced age (15.53% vs. 13.30%, 

respectively), show insufficient (28.58% vs. 26.69%) or excessive gestational weight gain (32.21% 

vs. 31.32%), have a family history of chronic disease (14.18% vs 10.74%), and have ≥8 prenatal 

visits (9.50% vs. 11.55%, respectively; all P<0.05). Other characteristics were not significantly 

different between the two groups (all P>0.05). 

The prevalences of caesarean sections and premature rupture of membranes were higher during 

the COVID-19 pandemic period compared with women prior to the pandemic (48.16% vs. 45.80%, 

P=0.040; and 33.59% vs. 30.72%, respectively; P=0.008). However, the prevalences of other 

pregnancy outcomes were not significantly different during the COVID-19 pandemic compared 

with the pre-pandemic period (P>0.05, Table 2).

In our log-binomial regression models, and after adjusting for all confounding factors, the risk for 

premature rupture of membranes and foetal distress during the COVID-19 pandemic compared to 

pre-COVID-19 women was increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 1.01, 

1.29; p < 0.05), respectively (Table 3). Additionally, the attributable risk percentage of the COVID-

19 pandemic on premature rupture of membranes was 9.91 (95% CI, 3.84, 15.25), and the 

attributable risk percentage of the pandemic on foetal distress was 12.28 (95% CI, 0.99, 22.48). 

However, we uncovered no other associations between the COVID-19 pandemic and other 

pregnancy outcomes, and demonstrated similar results for the additional full-model C (as shown 

in supplemental Table 2). After controlling for time-trends in the interrupted time-series 

regression, the COVID-19 pandemic was still associated with an increased risk of premature 

rupture of membranes (P<0.001, Figure 1) and foetal distress (P<0.01, Figure 2).

DISCUSSION

Summary of the findings

To the best of our knowledge, this is the first cohort study to focus on secondary impacts of the 

COVID-19 pandemic on pregnancy outcomes in mainland China. Herein, we showed that more 
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pregnant women were of advanced age, with abnormal gestational weight gain, and a family 

history of chronic disease during the COVID-19 pandemic. The risks of premature rupture of 

membranes and foetal distress among pregnant women who gave birth during the COVID-19 

pandemic were also higher than in those women who gave birth before the pandemic.

Strengths and limitations

The strengths of this study included its cohort-study design and use of well-established methods 

to detect the impacts of the COVID-19 pandemic on pregnancy outcomes, and we thus included 

two cohorts (a pre-COVID-19 cohort and a COVID-19 cohort), using the same study site. In addition, 

using log-binomial regression models and interrupted time-series analysis, we were able to 

evaluate the impact of a policy change or natural intervention (such as a pandemic).

There were some limitations to our study. First, this study was a retrospective study. We did not 

collect data on physical exercise, diet, or psychological status, which might also be related to 

pregnancy outcomes. The follow-up period for this study was only up to delivery, such that long-

term impacts of the COVID-19 pandemic on women and their infants could not be explored. 

Second, this is a single-centre cohort study, and we only included participants at 1 hospital in 

Beijing. Therefore, these results may have limited relevance to other health-care systems outside 

of Beijing. Larger and multi-centre prospective cohort studies are therefore needed in the future 

to confirm and clarify the findings of our study. Finally, due to the lack of specific individual 

obstetric-management records, we could not investigate the impacts of specific measures on 

pregnancy outcomes.

Comparison with other studies

Although researchers had previously found that the prevalence of premature rupture of 

membranes in pregnant women infected with the novel coronavirus was relatively high2,19-21, few 

had explored the secondary impacts of the COVID-19 pandemic on this adverse pregnancy 

outcome. Kugelman et al. found that there was a higher proportion of women who had premature 

rupture of membranes in a COVID-19 cohort (20.6% vs. 11.0%, p<0.001)15; and in the present study, 

we also found that the proportion of women who presented with premature rupture of 

membranes was higher in the COVID-19 cohort (33.59% vs. 30.72%, P=0.008). Compared to 

women pre-COVID-19, we observed that the risk of premature rupture of membranes during the 

COVID-19 pandemic was increased by 11% (95% CI, 1.04, 1.18; p < 0.01). 
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Premature rupture of membranes may additionally be associated with increased maternal 

anxiety during the COVID-19 pandemic6,7. Studies have shown that as the severity of the pandemic 

increased, the level of anxiety among pregnant women also increased 22; and that maternal anxiety 

and depression were associated with premature rupture of membranes23 because of the 

decreased levels of creatinine and choline24 and an altered diurnal pattern of cortisol (manifested 

as a flattened cortisol decline and higher evening cortisol) 25,26. We also found that the risk of foetal 

distress was increased during the pandemic, but noted a general lack of published research on this 

topic. The association might be related to enhanced psychological, neuroendocrine, and 

neurochemical changes caused by social-isolation stress during the COVID-19 pandemic27. Many 

countries took measures to control the transmission of the virus by keeping social distance (e.g., 

stay-at-home orders, the cancellation of public events, lockdown), which may increase the risk of 

social-isolation stress for pregnant women27. In one study, it was reported that one-third of 

women underwent an inadequate number of antenatal visits because of the lockdown for fear of 

contracting infection, resulting in 44.7% of pregnancies showing complications9. In addition, 

women pregnant during the COVID-19 pandemic might not have visited the hospital as frequently 

as in a non-pandemic time, which might have led to under instruction in perinatal healthcare and 

inadequate receipt of routine medical services28. However, the specific mechanism(s) underlying 

the effects on pregnancy of the COVID-19 pandemic remains unclear. In order to reduce the impact 

of COVID-19 pandemic on psychological health and increase the usage of perinatal healthcare for 

pregnant women during the pandemic, the National Health Commission of China launched a new 

notice on February 8, 2020 that proposed strengthening health counselling, screening, and follow-

ups for pregnant women29. Besides, local hospital had tried their best to ensure the access to 

prenatal care by taking comprehensive measures (e.g., online appointment service, online 

consultation work, outpatient service and so on) to minimize the influence of COVID-19 pandemic 

on pregnancy and medical services. Nevertheless, our study showed that the secondary impacts 

of COVID-19 on pregnant women should draw greater attention, especially with respect to the 

premature rupture of membranes and foetal distress.

In our study, the prevalence of caesarean sections among pregnant women experiencing the 

COVID-19-pandemic was higher than in the group prior to the pandemic, which may be related to 

the higher proportions of caesarean-section indices that included foetal distress. We also found 
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that there was a greater proportion of women aged ≥35 years in the COVID-19 cohort, and that 

this cohort contained more women with a family history of chronic disease. This might be related 

to the implementation of the two-child policy since 2016 in China that more women with advanced 

maternal age were willing to have babies30. Zhao et al. found that the percentages of older 

pregnant women increased significantly in 2017 and 2018 compared with numbers in 2014, 2015 

and 201631. A steadily increased proportion of pregnant women with advanced age has been 

observed in recent years 32. Correspondingly, family members of old pregnant women were more 

likely to have a history of chronic diseases. What’s more, the impact of second-child policy might 

be greater in 2020 than that in 2019 due to the policies of isolation in home and travel restrictions. 

Kugelman et al. also found that women visited the obstetrical emergency department at a more 

advanced mean gestational age during the pandemic outbreak, compared with the pre-COVID 

period15. Pregnant women who visit outpatient clinics should also be followed as often as possible, 

and the psychological and emotional states of these women should be assessed and monitored in 

follow-up visits to address the possible risks of adverse pregnancy complications and outcomes33.

Implications for clinicians and policymakers

Pregnant women should be considered as key populations in strategies focusing on management 

during COVID-19 pandemic. Service provision during the epidemic is needed to ensure the early 

identification and intervention of high-risk pregnant women. To ensure the access to prenatal care, 

hospital should take comprehensive and case-by-case measures, assess and monitor in follow-up 

visits as often as possible33. Additionally, except for healthcare services, pregnant women should 

be educated about the importance of regular visits, healthy lifestyle and reasonable precautions 

but not at the cost of compromising health (wearing masks, personal hygiene, etc.). The indirect 

impact of COVID-19 pandemic on the vulnerable pregnant women is needed to paid more 

attention to. Additionally, long-term impact and the mechanism of COVID-19 pandemic on 

pregnant women and their babies should be explored in the future to ensure the maternal and 

new-borns health by lager multi-centre cohort study. 

CONCLUSIONS

In summary, we found that there were more pregnant women with abnormal gestational weight 

gain during the COVID-19 pandemic. The risk for premature rupture of membranes and foetal 

distress in pregnant women during the pandemic was also higher than in pregnant women before 
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the COVID-19 pandemic. Our findings highlight the importance of improved management during 

pregnancy to reduce adverse maternal and infant outcomes, especially with respect to premature 

rupture of membranes and foetal distress. Cohort studies are needed to assess the long-term 

direct and indirect impact of COVID-19 pandemic on maternal and child health in the future.
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Table 1 Characteristics of 7699 pregnant women before and during the COVID-19 pandemic
Items N / Mean (SD) Pre COVID-19

(N,%; mean, SD)
COVID-19

(N,%; mean, SD)
χ2/ t P

Maternal age (years) 30.07 (3.98) 29.92 (3.91) 30.29 (4.08) -3.42 0.001
Maternal age (years) 8.262 0.016
  ≤24 487 297 (6.58) 190 (5.96)
  25-35 6117 3614 (80.12) 2503 (78.51)
  ≥35 1095 600 (13.30) 495 (15.53)
Ethnicity
  Han 7227 4236 (93.90) 2991 (93.82) 0.022 0.881
  Other 472 275 (6.10) 197 (6.18)
Occupation 0.202 0.653
  Unemployed 911 528 (11.73) 383 (12.07)
  Employed 6762 3972 (88.27) 2790 (87.93)
Education 7.782 0.051
  Primary school or less 34 22 (0.49) 12 (0.38)
  Junior high school 578 355 (7.88) 223 (7.02)
  Senior high school 3774 2251 (49.94) 1523 (47.92)
  Undergraduate or above 3299 1879 (41.69) 1420 (44.68)
Gravidity 1.99 (1.08) 1.99 (1.07) 2.00 (1.08) -0.223 0.823
Gravidity 1.883 0.39
  1 3068 1809 (40.10) 1259 (39.49)
  2 2523 1451 (32.17) 1072 (33.63)
  ≥3 2108 1251 (27.73) 857 (26.88)
Parity 0.43 (0.53) 0.43 (0.52) 0.44 (0.54) -0.815 0.415
Parity 1.362 0.506
  1 3195 1849 (40.99) 1346 (42.22)
  2 119 68 (1.51) 51 (1.60)
  ≥3 4385 2594 (57.50) 1791 (56.18)
History of miscarriage 0.09 (0.32) 0.08 (0.32) 0.09 (0.33) -1.18 0.239
History of miscarriage 579 328 (7.27) 251 (7.87) 0.974 0.324
History of induced abortion 0.47 (0.76) 0.48 (0.76) 0.46 (0.76) 0.88 0.379
History of induced abortion 2601 1559 (34.58) 1042 (32.69) 2.982 0.084
Family history of chronic disease 929 481 (10.74) 448 (14.18) 20.536 <0.000

1
Pre-pregnancy BMI, kg/m2 22.04 (3.12) 22.09 (3.17) 21.97 (3.17) 1.45 0.147
Pre-pregnancy BMI, kg/m2 2.465 0.482
  Underweight (18.5) 676 392 (8.69) 284 (8.91)
  Normal (18.5–24.9) 5717 3375 (74.82) 2342 (73.46)
  Overweight (25-29.9) 1079 610 (13.52) 469 (14.71)
  Obese (30) 227 134 (2.97) 93 (2.92)
The rate of gestational weight gain 
(kg /week)

0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.035 0.301

Gestational weight gain 6.412 0.041
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  Insufficient 2115 1204 (26.69) 911 (28.58)
  Appropriate 3144 1894 (41.99) 1250 (39.21)
  Excessive 2440 1413 (31.32) 1027 (32.21)
Prenatal visits 11.95 (3.25) 11.98 (3.27) 11.90 (3.23) 0.892 0.373
Prenatal visits 8.175 0.004
  <8 824 521 (11.55) 303 (9.50)
  ≥8 6875 3990 (88.45) 2885 (90.50)
  Total 7699 4511 (58.59) 3188 (41.41)

Missing data: occupation, 26 (0.34%); education, 14 (0.18%); history of induced abortion, 2 (0.03%); 
and family history of chronic disease, 59 (0.77%).
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Table 2 Pregnancy outcomes before and during the COVID-19 pandemic
Prevalence of outcomes (%) Pre-COVID-19 (%) COVID-19 (%) χ2 P
Adverse maternal outcomes
Gestational diabetesb 1262 (27.99) 872 (27.38) 0.347 0.556
Gestational hypertensionb 281 (6.23) 196 (6.15) 0.020 0.889
Premature rupture of 
membranesb

1385 (30.72) 1070 (33.59) 7.119 0.008

Caesarean sectionb 2065 (45.80) 1534 (48.16) 4.197 0.040
Adverse foetal outcomes
  Stillbirth 2 (0.04) 3 (0.09) 0.713 0.411a

  Foetal distressb 527 (11.69) 418 (13.12) 3.574 0.059
  Preterm birthb 199 (4.41) 121 (3.80) 1.767 0.184
  Low birth weightb 137 (3.04) 96 (3.01) 0.004 0.951
  Macrosomiab 304 (6.74) 213 (6.69) 0.009 0.925

Note: aFisher exact test; bthese pregnancy outcomes were all based on the data from 7694 live 
births.
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Table 3 The influence of the COVID-19 pandemic on pregnancy outcomes
Model A Model B Model C 

Pregnancy outcomes
cRR (95% CI) P aRR (95% CI) P aRR (95% CI) P

Adverse maternal outcomes
Gestational diabetesb 0.98 (0.91, 1.05) 0.556  0.97 (0.90, 1.05) 0.460 0.95 (0.88, 1.02) 0.136
Gestational hypertensionb 0.99 (0.83, 1.18) 0.889 0.99 (0.83, 1.18) 0.920 0.96 (0.80, 1.14) 0.627
Premature rupture of 
membranesb

1.09 (1.02, 1.17) 0.007 1.10 (1.03, 1.17) 0.006 1.11 (1.04, 1.18) 0.003

Caesarean sectionb 1.05 (1.00, 1.10) 0.040 1.05 (1.00, 1.10) 0.055 1.05 (1.00, 1.10) 0.057
Adverse foetal outcomes
  Stillbirth 1.00 (1.00, 100) 0.427 1.00 (1.00, 1.00) 0.382 1.00 (1.00, 1.00) 0.387
  Foetal distressb 1.12 (1.00, 1.27) 0.059 1.12 (1.00, 1.27) 0.061 1.14 (1.01, 1.29) 0.028
  Preterm birthb 0.86 (0.69, 1.07) 0.184 0.84 (0.68, 1.05) 0.135 0.86 (0.69, 1.08) 0.190
  Low birth weightb 0.99 (0.77, 1.28) 0.951 0.99 (0.77, 1.28) 0.954 1.00 (0.78, 1.30) 0.983
  Macrosomiab 0.99 (0.84, 1.17) 0.925  1.00 (0.85, 1.19) 0.99 1.00(0.85, 1.19) 0.975

Note: cRR, crude risk ratio; aRR, adjusted risk ratio; bthese pregnancy outcomes were all based on 
the data from 7694 live births.
Model A: a univariate model without controlling for any confounding factors;
Model B: controls for demographic characteristics (age, ethnicity, occupation, and education);
Model C: based on Model B, supplemented to control for gravidity, parity, history of miscarriage, 
history of induced abortion, pregnancy BMI, gestational weight gain, family history of chronic 
disease, and the number of prenatal visits.

Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of 
membranes

Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress
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Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of membranes 

194x122mm (300 x 300 DPI) 
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Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress 

97x61mm (300 x 300 DPI) 
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Supplemental Figure 1 The diagram of included and excluded participants 
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Supplemental Table 1 Characteristics of 7694 pregnant women before and during 

COVID-19 pandemic 

Items N / Mean (SD) Pre COVID-19 

(N,%; mean, SD) 

COVID-19 

(N,%; mean, SD) 

χ2/ t P 

Maternal age (years) 30.20 (3.95) 30.01 (3.89) 30.45 (4.03) -4.771 <0.0001 

Maternal age (years)    8.301 0.016 

  ≤24 487 (6.33) 297 (6.59) 190 (5.97)   

  25-35 6112 (79.44) 3612 (80.11) 2500 (78.49)   

  ≥35 1095 (14.23) 600 (13.31) 495 (15.54)   

Ethnicity    0.024 0.876 

  Han 7222 (93.87) 4234 (93.90) 2988 (93.81)   

  Other 472 (6.13) 275 (6.10) 197 (6.19)   

Occupation    0.13 0.677 

  Unemployed 910 (11.87) 528 (11.74) 382 (12.05)   

  Employed 6758 (88.13) 3970 (88.26) 2788 (87.95)   

Education    7.683 0.053 

  Primary school or less 33 (0.43) 21 (0.47) 12 (0.38)   

  Junior high school 578 (7.53) 355 (7.88) 223 (7.02)   

  Senior high school  3772 (49.11) 2251 (49.97) 1521 (47.91)   

  Undergraduate or above 3297 (42.93) 1878 (41.69) 1419 (44,69)   

Gravidity 2.01 (1.10) 2.01 (1.13) 2.01 (1.07) 0.165 0.869 

Gravidity    1.988 0.370 

  1 3067 (39.86) 1809 (40.12) 1258 (39.50)   

  2 2522 (32.78) 1450 (32.16) 1072 (33.66)   

  ≥3 2105 (27.36) 1250 (27.72) 855 (26.84)   

Parity 0.45 (0.53) 0.44 (0.53) 0.46 (0.54) -1.178 0.239 

Parity    1.370 0.504 

  1 3191 (41.47) 1847 (40.96) 1344 (42.20)   

  2 119 (1.55) 68 (1.51) 51 (1.60)   

  ≥3 4384 (56.98) 2594 (57.53) 1790 (56.20)   

History of miscarriage 0.08 (0.32) 0.08 (0.31) 0.09 (0.32) -0.955 0.339 

History of miscarriage 579 (7.72) 328 (7.27) 251 (7.88) 0.986 0.321 

History of induced abortion 0.47 (0.77) 0.48 (0.78) 0.45 (0.76) 1.334 0.182 

History of induced abortion 2598 (33.78) 1558 (34.57) 1040 (32.65) 3.061 0.080 

Family history of chronic disease 927 (12.14) 480 (10.72) 447 (14.16) 20.540 <0.001 

Pre-pregnancy BMI, kg/m
2
 22.24 (3.33) 22.22 (3.30) 22.27 (3.36) -0.564 0.573 

Pre-pregnancy BMI, kg/m
2
    2.467 0.481 

  Underweight (18.5) 676 (8.79) 392 (8.69) 284 (8.92)   

  Normal (18.5–24.9) 5714 (74.27) 3374 (74.83) 2340 (73.47)   

  Overweight (25-29.9) 1077 (14.00) 609 (13.51) 468 (14.69)   

  Obese (30) 227 (2.95) 134 (2.97) 93 (2.92)   

The rate of gestational weight 

gain (kg /week) 

0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.044 0.297 
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Gestational weight gain    6.338 0.042 

  Insufficient 2112 (27.45) 1203 (26.68) 909 (28.54)   

  Appropriate 3142 (40.84) 1893 (41.98) 1249 (39.22)   

  Excessive 2440 (31.71) 1413 (31.34) 1027 (32.24)   

Prenatal visits 11.89 (3.37) 11.91 (3.43) 11.86 (3.27) 0.562 0.574 

Prenatal visits    8.225 0.004 

  <8 822 (10.68) 520 (11.53) 302 (9.48)   

  ≥8 6872 (89.32) 3989 (88.47) 2883 (90.52)   

  Total 7694 (100) 4509 (58.60) 3185 (41.40)   

Missing data: occupation 26 (0.34%), education 14 (0.18%) history of induced abortion 2 

(0.03%), and family history of chronic disease 59 (0.77%). 
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Supplemental Table 2 The influence of COVID-19 pandemic on pregnancy outcome 

 

Pregnancy outcomes Model C (full model) 

aRR (95%CI) P 

Maternal adverse outcomes   

Gestational diabetes
b
 0.93 (0.87, 1.01)     0.066 

Gestational hypertension
b
 0.94 (0.77, 1.14) 0.52 

Premature rupture of membranes
b
 1.10 (1.03, 1.20) 0.007 

Caesarean section
b
 1.04 (0.98, 1.10)    0.189 

Fetal adverse outcomes 
  

Stillbirth 1.00 (1.00, 1.00) 0.647 

Fetal distress
b
 1.14 (1.01, 1.28) 0.033 

Preterm birth
b
 0.75 (0.56, 1.02) 0.063 

Low birth weight
b
 0.87 (0.61, 1.24) 0.441 

Macrosomia
b
 

1.05 (0.87, 1.26) 0.608 

Note：aRR, adjusted risk ratio; b these pregnancy outcomes all based on 7694 live birth data. 

Model C: controlling maternal age, ethnicity, occupation, education, gravidity, parity, history 

of miscarriage, history of induced abortion, pregnancy BMI, the rate of gestational weight 

gain, family history of chronic disease, the number of prenatal visit. 
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3-4

Objectives 3 State specific objectives, including any pre-specified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4-5

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

4-5Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

4-5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5-6

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

5-6

Bias 9 Describe any efforts to address potential sources of bias 6
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
5-6

(a) Describe all statistical methods, including those used to control for confounding 6-7

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed n/a

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed

6
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses 6

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
7

(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram 5

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

7

(b) Indicate number of participants with missing data for each variable of interest 16
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 4-5

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 7
Case-control study—Report numbers in each exposure category, or summary measures of exposure n/a
Cross-sectional study—Report numbers of outcome events or summary measures n/a

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

7

(b) Report category boundaries when continuous variables were categorized 5
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period 7

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7-8
Discussion
Key results 18 Summarise key results with reference to study objectives 8-11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

8-11

Generalisability 21 Discuss the generalisability (external validity) of the study results 8,11
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
11

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Association between the COVID-19 pandemic and the risk for adverse pregnancy outcomes: a 

cohort study

ABSTRACT

Objectives The secondary impacts of the COVID-19 pandemic on adverse maternal and neonatal 

outcomes remain unclear. In this study, we aimed to evaluate the association between the COVID-

19 pandemic and the risk for adverse pregnancy outcomes.

Design We conduced retrospective analyses on 2 cohorts comprising 7699 pregnant women in 

Beijing, China, and compared pregnancy outcomes between the pre-COVID-2019 cohort (women 

who delivered from May 20, 2019 to November 30, 2019) and the COVID-2019 cohort (women 

who delivered from January 20, 2020 to July 31, 2020). The secondary impacts of the COVID-2019 

pandemic on pregnancy outcomes were assessed by using multivariate log-binomial regression 

models, and we used interrupted time-series regression (ITS) analysis to further control the effects 

of time-trends.

Setting One tertiary-level centre in Beijing, China

Participants 7699 pregnant women.

Results Compared with women in the pre-COVID-19 pandemic group, pregnant women during the 

COVID-2019 pandemic were more likely to be of advanced age, exhibit insufficient or excessive 

gestational weight gain, and show a family history of chronic disease (all P<0.05). After controlling 

for other confounding factors, the risk of premature rupture of membranes and foetal distress was 

increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 1.01, 1.29; p < 0.05), respectively, 

during the COVID-2019 pandemic. The association still remained in the ITS analysis after 

additionally controlling for time-trends (all P<0.01). We uncovered no other associations between 

the COVID-19 pandemic and other pregnancy outcomes (P >0.05).

Conclusions During the COVID-19 pandemic, more women manifested either insufficient or 

excessive gestational weight gain; and the risk of premature rupture of membranes and foetal 

distress was also higher during the pandemic.

Keywords: COVID-19, pregnancy outcome, cohort study
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Strengths and limitations of this study

A major strength of this study was our estimation of the secondary impacts of the COVID-19 
pandemic on adverse maternal and neonatal outcomes in China, the first such study of its kind.

We collected materials from the hospital-information system, which assured the accuracy of our 
data.

This study was of a retrospective nature and thus did not include physical exercise, diet, or 
psychological status, which might also be related to pregnancy outcomes.

The follow-up period in this study was only until delivery, such that the long-term impacts of the 
COVID-19 pandemic on women and their infants could not be explored.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) has developed into the largest and deadliest pandemic 

respiratory disease. As of August 23, 2020, a total of 23,057,288 cases and 800,906 deaths have 

been reported to the World Health Organization (WHO). Perinatal research on COVID-19 is now 

primarily focused on pregnancy outcomes of women infected with SARS-CoV-2—including 

caesarean section1,2, foetal distress1, preterm birth3, and even maternal death4. However, the 

adverse secondary impacts of the COVID-19 pandemic on maternal and neonatal outcomes remain 

unknown.

Several investigators have explored the effects of the COVID-19 pandemic on the mental health of 

pregnant women5-8. Ahorsu et al. found that the fear of COVID-19 was associated with depression, 

suicidal intention, adverse mental-health effects, and diminished overall quality of life among 

pregnant women5. Some studies showed that the COVID-19 pandemic was associated with 

obstetric care9-12—including institutional deliveries, high-risk pregnancy9, intrapartum foetal heart 

rate monitoring, breastfeeding within 1 h of birth10, and prenatal diagnosis/screening tests; while 

others have shown an effect of the pandemic on causing adverse maternal and neonatal 

outcomes9,10,13-15. The COVID-19 pandemic was associated with higher percentages of gestational 

hypertension13,14, gestational diabetes14, and premature rupture of membranes15. Goyal et al. 

reported that there was an increased rate of admission to the intensive care unit for pregnant 

women during the pandemic, compared with prior to COVID-199. Ashish et al. also found that both 
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the rate of institutional stillbirth and institutional neonatal mortality increased significantly during 

the lockdown period in Nepal10.

However, a majority of investigators 9,10,13-15 have only compared the rate of adverse maternal 

and neonatal outcomes between the pre-COVID-19 period and the COVID-19 pandemic period 

without controlling important factors related to adverse pregnancy outcomes (e.g., parity, 

gestational weight gain, or a family history of chronic disease). Thus, it is evident that more 

research is needed regarding the effects of the pandemic on some specific adverse outcomes, 

including caesarean section, foetal distress, low birth weight, and macrosomia. Unfortunately, in 

none of the previously aforementioned studies was there an examination of the association 

between the COVID-19 pandemic and adverse pregnancy outcomes in mainland China.

Therefore, we aimed in the present study to evaluate the secondary impacts of the COVID-19 

pandemic on the risk of adverse pregnancy outcomes, using two cohorts (a pre-COVID-19 cohort 

and a COVID-19 cohort) to provide evidence for the implementation of targeted strategies that 

promote maternal and infant health during the COVID-19 pandemic.

METHODS

Study population

Two retrospective cohorts (pre-COVID-19 and during COVID-19) were analysed in this study, using 

the following inclusion criteria: (1) women with singleton pregnancies, (2) pregnant women who 

made prenatal visits to the Maternal and Child Health Hospital of Tongzhou District in Beijing, and 

(3) women who delivered between 2019 and July 31, 2020.

There were 8324 pregnant women who gave birth between January 1, 2019 and December 31, 

2019; and 3532 pregnant women who gave birth between January 1, 2020 and July 31, 2020. 

Although we herein focused on the overall effects of the COVID-19 pandemic, none of the 

participants was infected with SARS-CoV-2 (the virus that causes COVID-19), given that the first 

case in China was reported in December 2019 and the first case in Beijing was reported in January 

2020. To better assess the influence of the COVID-19 pandemic locally, we excluded the 613 

participants who delivered during December 2019; the 344 women who delivered between 

January 1, 2020 and January 19, 2020; and also, the 3202 pregnant women who delivered between 

January 1, 2019 and May 19, 2019. Because we decided to only make close temporal comparisons 
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in order to avoid certain potentially confounding factors (e.g., differing policies between 2019 and 

2020), we chose women who delivered from May 20, 2019 to November 30, 2019 as the pre-

COVID-19 cohort; and those who delivered from January 20, 2020 to July 31, 2020 as the COVID-

19 cohort. We thus included 4511 pregnant women in the pre-COVID-19 cohort and 3188 pregnant 

women in the COVID-19 cohort. However, in order to estimate the effects of the COVID-19 

pandemic on other pregnancy outcomes (e.g., preterm birth and low birth weight), we excluded 

two stillbirths in the pre-COVID-19 cohort and three stillbirths in the COVID-19 cohort. We 

therefore ultimately included 4509 pregnant women who gave birth prior to the COVID-19 

pandemic and 3185 pregnant women who gave birth during the COVID-19 pandemic 

(supplemental Figure 1 and supplemental Table 1). This study was approved by the Institutional 

Review Boards at Peking University (IRB00001052-18003).

Data collection

Data were collected from the hospital-information system, including basic demographic 

characteristics (age, ethnicity, occupation, and education), pregnancy status (gravidity, parity, 

history of miscarriage, and history of induced abortion), health status (pre-pregnancy body mass 

index [BMI]), gestational weight gain, a family history of chronic disease, and the number of 

prenatal visits. Of these characteristics, pre-pregnancy BMI was categorized based on the WHO 

cut-off points; gestational weight gain was calculated as the difference between weight at the last 

routine pregnancy visit and the pre-pregnancy weight; and the rate of gestational weight gain was 

calculated as the gestational weight gain/the gestational weeks at the last routine pregnancy visit. 

Categorization was in accordance with IOM criteria: gestational weight gain was classified as 

insufficient, appropriate, or excessive16; and a family history of chronic disease was principally with 

respect to whether the maternal parents or maternal grandparents manifested cardiovascular 

diseases such as heart disease and diabetes. The number of prenatal visits was not fewer than 8 

times per year as recommended by the WHO17.

Assessment of pregnancy outcomes

For this study we obtained information on pregnancy outcomes according to the ICD codes of 

discharge diagnosis, including gestational hypertension, gestational diabetes (GDM), premature 

rupture of membranes, delivery mode, stillbirth, foetal distress, preterm birth, low birth weight, 

and macrosomia. Preterm birth was defined as less than 37 weeks of gestation based on the 
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interval between the last menstrual period and the date of delivery of the baby. Delivery mode 

was categorized as either caesarean section or vaginal delivery. Caesarean section included both 

medical and psychosocial indications, and vaginal delivery included spontaneous vaginal and 

assisted vaginal births. Infant birth weight was divided into low birth weight (< 2500 g) and 

macrosomia (> 4000 g).

Statistical analyses

We compared the characteristics of women before and during the COVID-19 pandemic by using 

the χ2 or t test. The χ2 test was also used to compare pregnancy outcomes of women before and 

during the pandemic. Given that odds ratios (ORs) cannot provide accurate estimates for the 

relative risks (RRs) in the cohort studies, we used univariate and multivariate log-binomial 

regression models to estimate the crude risk ratios (cRRs) and adjusted risk ratios (aRRs) of the 

impacts of the COVID-19 pandemic on adverse pregnancy outcomes using the SAS Software 

Package V.9.4, (SAS Institute). We also calculated the attributable risk percentage (AR%, 95% CI). 

We performed sensitivity analysis by fitting different models to examine the robustness of the 

estimation, and 3 models were fitted. The first (model A) was unadjusted; the second (model B) 

was adjusted for baseline demographic characteristics (maternal age, ethnicity, occupation, 

education); and the third model (full-model C) was further adjusted for pregnancy condition 

(gravidity, parity, history of miscarriage, history of induced abortion) and health status (pre-

pregnancy BMI, gestational weight gain [GWG], family history of chronic disease, and the number 

of prenatal visits). We additionally added a full-model C by replacing categorical variables with 

continuous variables, including maternal age, gravidity, parity, history of miscarriage, history of 

induced abortion, pre-pregnancy BMI, the rate of gestational weight gain, and the number of 

prenatal visits. Since interrupted time-series regression (ITS) analysis is useful for evaluating 

population-level health interventions with a clearly defined point in time 18, we conducted ITS to 

examine the impacts of COVID-19 on pregnancy outcomes using R 3.4.2 (R-team)18. A 2-sided value 

of P<0.05 was considered to be statistically significant for all of the analyses.

Patient and Public Involvement

No patients were involved in this anonymous data set.

RESULTS
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A total of 7699 women were included in this study, with a mean age of 30.07 (±3.98, SD) and an 

average gestational week of 38.90 (± 1.46) weeks; 93.87% were of Han ethnicity, 11.83% were 

unemployed, and 56.97% had a bachelor’s degree or less. Characteristics of the study population 

are provided in Table 1. Compared with women in the pre-COVID-19 pandemic group, pregnant 

women during the COVID-19 pandemic were more likely to be of advanced age (15.53% vs. 13.30%, 

respectively), show insufficient (28.58% vs. 26.69%) or excessive gestational weight gain (32.21% 

vs. 31.32%), have a family history of chronic disease (14.18% vs 10.74%), and have ≥8 prenatal 

visits (9.50% vs. 11.55%, respectively; all P<0.05). Other characteristics were not significantly 

different between the two groups (all P>0.05). 

The prevalences of caesarean sections and premature rupture of membranes were higher during 

the COVID-19 pandemic period compared with women prior to the pandemic (48.16% vs. 45.80%, 

P=0.040; and 33.59% vs. 30.72%, respectively; P=0.008). However, the prevalences of other 

pregnancy outcomes were not significantly different during the COVID-19 pandemic compared 

with the pre-pandemic period (P>0.05, Table 2).

In our log-binomial regression models, and after adjusting for all confounding factors, the risk for 

premature rupture of membranes and foetal distress during the COVID-19 pandemic compared to 

pre-COVID-19 women was increased by 11% (95% CI, 1.04, 1.18; p < 0.01) and 14% (95% CI, 1.01, 

1.29; p < 0.05), respectively (Table 3). Additionally, the attributable risk percentage of the COVID-

19 pandemic on premature rupture of membranes was 9.91 (95% CI, 3.84, 15.25), and the 

attributable risk percentage of the pandemic on foetal distress was 12.28 (95% CI, 0.99, 22.48). 

However, we uncovered no other associations between the COVID-19 pandemic and other 

pregnancy outcomes, and demonstrated similar results for the additional full-model C (as shown 

in supplemental Table 2). After controlling for time-trends in the interrupted time-series 

regression, the COVID-19 pandemic was still associated with an increased risk of premature 

rupture of membranes (P<0.001, Figure 1) and foetal distress (P<0.01, Figure 2).

DISCUSSION

Summary of the findings

To the best of our knowledge, this is the first cohort study to focus on secondary impacts of the 

COVID-19 pandemic on pregnancy outcomes in mainland China. Herein, we showed that more 
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pregnant women were of advanced age, with abnormal gestational weight gain, and a family 

history of chronic disease during the COVID-19 pandemic. The risks of premature rupture of 

membranes and foetal distress among pregnant women who gave birth during the COVID-19 

pandemic were also higher than in those women who gave birth before the pandemic.

Strengths and limitations

The strengths of this study included its cohort-study design and use of well-established methods 

to detect the impacts of the COVID-19 pandemic on pregnancy outcomes, and we thus included 

two cohorts (a pre-COVID-19 cohort and a COVID-19 cohort), using the same study site. In addition, 

using log-binomial regression models and interrupted time-series analysis, we were able to 

evaluate the impact of a policy change or natural intervention (such as a pandemic).

There were some limitations to our study. First, this study was a retrospective study. We did not 

collect data on physical exercise, diet, or psychological status, which might also be related to 

pregnancy outcomes. The follow-up period for this study was only up to delivery, such that long-

term impacts of the COVID-19 pandemic on women and their infants could not be explored. 

Second, this is a single-centre cohort study, and we only included participants at 1 hospital in 

Beijing. Therefore, these results may have limited relevance to other health-care systems outside 

of Beijing. Larger and multi-centre prospective cohort studies are therefore needed in the future 

to confirm and clarify the findings of our study. Finally, due to the lack of specific individual 

obstetric-management records, we could not investigate the impacts of specific measures on 

pregnancy outcomes.

Comparison with other studies

Although researchers had previously found that the prevalence of premature rupture of 

membranes in pregnant women infected with the novel coronavirus was relatively high2,19-21, few 

had explored the secondary impacts of the COVID-19 pandemic on this adverse pregnancy 

outcome. Kugelman et al. found that there was a higher proportion of women who had premature 

rupture of membranes in a COVID-19 cohort (20.6% vs. 11.0%, p<0.001)15; and in the present study, 

we also found that the proportion of women who presented with premature rupture of 

membranes was higher in the COVID-19 cohort (33.59% vs. 30.72%, P=0.008). Compared to 

women pre-COVID-19, we observed that the risk of premature rupture of membranes during the 

COVID-19 pandemic was increased by 11% (95% CI, 1.04, 1.18; p < 0.01). 
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Premature rupture of membranes may additionally be associated with increased maternal 

anxiety during the COVID-19 pandemic6,7. Studies have shown that as the severity of the pandemic 

increased, the level of anxiety among pregnant women also increased 22; and that maternal anxiety 

and depression were associated with premature rupture of membranes23 because of the 

decreased levels of creatinine and choline24 and an altered diurnal pattern of cortisol (manifested 

as a flattened cortisol decline and higher evening cortisol) 25,26. We also found that the risk of foetal 

distress was increased during the pandemic, but noted a general lack of published research on this 

topic. The association might be related to enhanced psychological, neuroendocrine, and 

neurochemical changes caused by social-isolation stress during the COVID-19 pandemic27. Many 

countries took measures to control the transmission of the virus by keeping social distance (e.g., 

stay-at-home orders, the cancellation of public events, lockdown), which may increase the risk of 

social-isolation stress for pregnant women27. In one study, it was reported that one-third of 

women underwent an inadequate number of antenatal visits because of the lockdown for fear of 

contracting infection, resulting in 44.7% of pregnancies showing complications9. In addition, 

women pregnant during the COVID-19 pandemic might not have visited the hospital as frequently 

as in a non-pandemic time, which might have led to under instruction in perinatal healthcare and 

inadequate receipt of routine medical services28. However, the specific mechanism(s) underlying 

the effects on pregnancy of the COVID-19 pandemic remains unclear. In order to reduce the impact 

of COVID-19 pandemic on psychological health and increase the usage of perinatal healthcare for 

pregnant women during the pandemic, the National Health Commission of China launched a new 

notice on February 8, 2020 that proposed strengthening health counselling, screening, and follow-

ups for pregnant women29. Besides, local hospital had tried their best to ensure the access to 

prenatal care by taking comprehensive measures (e.g., online appointment service, online 

consultation work, outpatient service and so on) to minimize the influence of COVID-19 pandemic 

on pregnancy and medical services. Nevertheless, our study showed that the secondary impacts 

of COVID-19 on pregnant women should draw greater attention, especially with respect to the 

premature rupture of membranes and foetal distress.

In our study, the prevalence of caesarean sections among pregnant women experiencing the 

COVID-19-pandemic was higher than in the group prior to the pandemic, which may be related to 

the higher proportions of caesarean-section indices that included foetal distress. We also found 
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that there was a greater proportion of women aged ≥35 years in the COVID-19 cohort, and that 

this cohort contained more women with a family history of chronic disease. This might be related 

to the implementation of the two-child policy since 2016 in China that more women with advanced 

maternal age were willing to have babies30. Zhao et al. found that the percentages of older 

pregnant women increased significantly in 2017 and 2018 compared with numbers in 2014, 2015 

and 201631. A steadily increased proportion of pregnant women with advanced age has been 

observed in recent years 32. Correspondingly, family members of old pregnant women were more 

likely to have a history of chronic diseases. What’s more, the impact of second-child policy might 

be greater in 2020 than that in 2019 due to the policies of isolation in home and travel restrictions. 

Kugelman et al. also found that women visited the obstetrical emergency department at a more 

advanced mean gestational age during the pandemic outbreak, compared with the pre-COVID 

period15. Pregnant women who visit outpatient clinics should also be followed as often as possible, 

and the psychological and emotional states of these women should be assessed and monitored in 

follow-up visits to address the possible risks of adverse pregnancy complications and outcomes33.

Implications for clinicians and policymakers

Pregnant women should be considered as key populations in strategies focusing on management 

during COVID-19 pandemic. Service provision during the epidemic is needed to ensure the early 

identification and intervention of high-risk pregnant women. To ensure the access to prenatal care, 

hospitals should take comprehensive and case-by-case measures, assess and monitor the risk of 

adverse pregnancy outcomes in follow-up visits as often as possible.33 Additionally, apart from 

healthcare services, pregnant women should be educated about the importance of regular prenatal 

visits, healthy lifestyle and measures to prevent infection (wearing masks, hand hygiene, etc.) 

during the COVID-19 pandemic. More attention should be paid to reduce the indirect impact of 

COVID-19 pandemic on vulnerable pregnant women. Additionally, large multi-centre cohort studies 

should be conducted in future to further explore the long-term impact and the mechanism of 

COVID-19 pandemic on pregnant women and their babies to ensure maternal and child health. 

CONCLUSIONS

In summary, we found that there were more pregnant women with abnormal gestational weight 

gain during the COVID-19 pandemic. The risk for premature rupture of membranes and foetal 

distress in pregnant women during the pandemic was also higher than in pregnant women before 
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the COVID-19 pandemic. Our findings highlight the importance of improved management during 

pregnancy to reduce adverse maternal and infant outcomes, especially with respect to premature 

rupture of membranes and foetal distress. Cohort studies are needed to assess the long-term 

direct and indirect impact of COVID-19 pandemic on maternal and child health in the future.
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Table 1 Characteristics of 7699 pregnant women before and during the COVID-19 pandemic
Items N / Mean (SD) Pre COVID-19

(N,%; mean, SD)
COVID-19

(N,%; mean, SD)
χ2/ t P

Maternal age (years) 30.07 (3.98) 29.92 (3.91) 30.29 (4.08) -3.42 0.001
Maternal age (years) 8.262 0.016
  ≤24 487 297 (6.58) 190 (5.96)
  25-35 6117 3614 (80.12) 2503 (78.51)
  ≥35 1095 600 (13.30) 495 (15.53)
Ethnicity
  Han 7227 4236 (93.90) 2991 (93.82) 0.022 0.881
  Other 472 275 (6.10) 197 (6.18)
Occupation 0.202 0.653
  Unemployed 911 528 (11.73) 383 (12.07)
  Employed 6762 3972 (88.27) 2790 (87.93)
Education 7.782 0.051
  Primary school or less 34 22 (0.49) 12 (0.38)
  Junior high school 578 355 (7.88) 223 (7.02)
  Senior high school 3774 2251 (49.94) 1523 (47.92)
  Undergraduate or above 3299 1879 (41.69) 1420 (44.68)
Gravidity 1.99 (1.08) 1.99 (1.07) 2.00 (1.08) -0.223 0.823
Gravidity 1.883 0.39
  1 3068 1809 (40.10) 1259 (39.49)
  2 2523 1451 (32.17) 1072 (33.63)
  ≥3 2108 1251 (27.73) 857 (26.88)
Parity 0.43 (0.53) 0.43 (0.52) 0.44 (0.54) -0.815 0.415
Parity 1.362 0.506
  1 3195 1849 (40.99) 1346 (42.22)
  2 119 68 (1.51) 51 (1.60)
  ≥3 4385 2594 (57.50) 1791 (56.18)
History of miscarriage 0.09 (0.32) 0.08 (0.32) 0.09 (0.33) -1.18 0.239
History of miscarriage 579 328 (7.27) 251 (7.87) 0.974 0.324
History of induced abortion 0.47 (0.76) 0.48 (0.76) 0.46 (0.76) 0.88 0.379
History of induced abortion 2601 1559 (34.58) 1042 (32.69) 2.982 0.084
Family history of chronic disease 929 481 (10.74) 448 (14.18) 20.536 <0.000

1
Pre-pregnancy BMI, kg/m2 22.04 (3.12) 22.09 (3.17) 21.97 (3.17) 1.45 0.147
Pre-pregnancy BMI, kg/m2 2.465 0.482
  Underweight (18.5) 676 392 (8.69) 284 (8.91)
  Normal (18.5–24.9) 5717 3375 (74.82) 2342 (73.46)
  Overweight (25-29.9) 1079 610 (13.52) 469 (14.71)
  Obese (30) 227 134 (2.97) 93 (2.92)
The rate of gestational weight gain 
(kg /week)

0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.035 0.301

Gestational weight gain 6.412 0.041
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  Insufficient 2115 1204 (26.69) 911 (28.58)
  Appropriate 3144 1894 (41.99) 1250 (39.21)
  Excessive 2440 1413 (31.32) 1027 (32.21)
Prenatal visits 11.95 (3.25) 11.98 (3.27) 11.90 (3.23) 0.892 0.373
Prenatal visits 8.175 0.004
  <8 824 521 (11.55) 303 (9.50)
  ≥8 6875 3990 (88.45) 2885 (90.50)
  Total 7699 4511 (58.59) 3188 (41.41)

Missing data: occupation, 26 (0.34%); education, 14 (0.18%); history of induced abortion, 2 (0.03%); 
and family history of chronic disease, 59 (0.77%).
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Table 2 Pregnancy outcomes before and during the COVID-19 pandemic
Prevalence of outcomes (%) Pre-COVID-19 (%) COVID-19 (%) χ2 P
Adverse maternal outcomes
Gestational diabetesb 1262 (27.99) 872 (27.38) 0.347 0.556
Gestational hypertensionb 281 (6.23) 196 (6.15) 0.020 0.889
Premature rupture of 
membranesb

1385 (30.72) 1070 (33.59) 7.119 0.008

Caesarean sectionb 2065 (45.80) 1534 (48.16) 4.197 0.040
Adverse foetal outcomes
  Stillbirth 2 (0.04) 3 (0.09) 0.713 0.411a

  Foetal distressb 527 (11.69) 418 (13.12) 3.574 0.059
  Preterm birthb 199 (4.41) 121 (3.80) 1.767 0.184
  Low birth weightb 137 (3.04) 96 (3.01) 0.004 0.951
  Macrosomiab 304 (6.74) 213 (6.69) 0.009 0.925

Note: aFisher exact test; bthese pregnancy outcomes were all based on the data from 7694 live 
births.
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Table 3 The influence of the COVID-19 pandemic on pregnancy outcomes
Model A Model B Model C 

Pregnancy outcomes
cRR (95% CI) P aRR (95% CI) P aRR (95% CI) P

Adverse maternal outcomes
Gestational diabetesb 0.98 (0.91, 1.05) 0.556  0.97 (0.90, 1.05) 0.460 0.95 (0.88, 1.02) 0.136
Gestational hypertensionb 0.99 (0.83, 1.18) 0.889 0.99 (0.83, 1.18) 0.920 0.96 (0.80, 1.14) 0.627
Premature rupture of 
membranesb

1.09 (1.02, 1.17) 0.007 1.10 (1.03, 1.17) 0.006 1.11 (1.04, 1.18) 0.003

Caesarean sectionb 1.05 (1.00, 1.10) 0.040 1.05 (1.00, 1.10) 0.055 1.05 (1.00, 1.10) 0.057
Adverse foetal outcomes
  Stillbirth 1.00 (1.00, 100) 0.427 1.00 (1.00, 1.00) 0.382 1.00 (1.00, 1.00) 0.387
  Foetal distressb 1.12 (1.00, 1.27) 0.059 1.12 (1.00, 1.27) 0.061 1.14 (1.01, 1.29) 0.028
  Preterm birthb 0.86 (0.69, 1.07) 0.184 0.84 (0.68, 1.05) 0.135 0.86 (0.69, 1.08) 0.190
  Low birth weightb 0.99 (0.77, 1.28) 0.951 0.99 (0.77, 1.28) 0.954 1.00 (0.78, 1.30) 0.983
  Macrosomiab 0.99 (0.84, 1.17) 0.925  1.00 (0.85, 1.19) 0.99 1.00(0.85, 1.19) 0.975

Note: cRR, crude risk ratio; aRR, adjusted risk ratio; bthese pregnancy outcomes were all based on 
the data from 7694 live births.
Model A: a univariate model without controlling for any confounding factors;
Model B: controls for demographic characteristics (age, ethnicity, occupation, and education);
Model C: based on Model B, supplemented to control for gravidity, parity, history of miscarriage, 
history of induced abortion, pregnancy BMI, gestational weight gain, family history of chronic 
disease, and the number of prenatal visits.

Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of 
membranes

Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress

Page 19 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Figure 1 Interrupted time-series analysis of the impact of COVID-19 on premature rupture of membranes 
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Figure 2 Interrupted time-series analysis of the impact of COVID-19 on foetal distress 
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Supplemental Figure 1 The diagram of included and excluded participants 
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Supplemental Table 1 Characteristics of 7694 pregnant women before and during 

COVID-19 pandemic 

Items N / Mean (SD) Pre COVID-19 

(N,%; mean, SD) 

COVID-19 

(N,%; mean, SD) 

χ2/ t P 

Maternal age (years) 30.20 (3.95) 30.01 (3.89) 30.45 (4.03) -4.771 <0.0001 

Maternal age (years)    8.301 0.016 

  ≤24 487 (6.33) 297 (6.59) 190 (5.97)   

  25-35 6112 (79.44) 3612 (80.11) 2500 (78.49)   

  ≥35 1095 (14.23) 600 (13.31) 495 (15.54)   

Ethnicity    0.024 0.876 

  Han 7222 (93.87) 4234 (93.90) 2988 (93.81)   

  Other 472 (6.13) 275 (6.10) 197 (6.19)   

Occupation    0.13 0.677 

  Unemployed 910 (11.87) 528 (11.74) 382 (12.05)   

  Employed 6758 (88.13) 3970 (88.26) 2788 (87.95)   

Education    7.683 0.053 

  Primary school or less 33 (0.43) 21 (0.47) 12 (0.38)   

  Junior high school 578 (7.53) 355 (7.88) 223 (7.02)   

  Senior high school  3772 (49.11) 2251 (49.97) 1521 (47.91)   

  Undergraduate or above 3297 (42.93) 1878 (41.69) 1419 (44,69)   

Gravidity 2.01 (1.10) 2.01 (1.13) 2.01 (1.07) 0.165 0.869 

Gravidity    1.988 0.370 

  1 3067 (39.86) 1809 (40.12) 1258 (39.50)   

  2 2522 (32.78) 1450 (32.16) 1072 (33.66)   

  ≥3 2105 (27.36) 1250 (27.72) 855 (26.84)   

Parity 0.45 (0.53) 0.44 (0.53) 0.46 (0.54) -1.178 0.239 

Parity    1.370 0.504 

  1 3191 (41.47) 1847 (40.96) 1344 (42.20)   

  2 119 (1.55) 68 (1.51) 51 (1.60)   

  ≥3 4384 (56.98) 2594 (57.53) 1790 (56.20)   

History of miscarriage 0.08 (0.32) 0.08 (0.31) 0.09 (0.32) -0.955 0.339 

History of miscarriage 579 (7.72) 328 (7.27) 251 (7.88) 0.986 0.321 

History of induced abortion 0.47 (0.77) 0.48 (0.78) 0.45 (0.76) 1.334 0.182 

History of induced abortion 2598 (33.78) 1558 (34.57) 1040 (32.65) 3.061 0.080 

Family history of chronic disease 927 (12.14) 480 (10.72) 447 (14.16) 20.540 <0.001 

Pre-pregnancy BMI, kg/m
2
 22.24 (3.33) 22.22 (3.30) 22.27 (3.36) -0.564 0.573 

Pre-pregnancy BMI, kg/m
2
    2.467 0.481 

  Underweight (18.5) 676 (8.79) 392 (8.69) 284 (8.92)   

  Normal (18.5–24.9) 5714 (74.27) 3374 (74.83) 2340 (73.47)   

  Overweight (25-29.9) 1077 (14.00) 609 (13.51) 468 (14.69)   

  Obese (30) 227 (2.95) 134 (2.97) 93 (2.92)   

The rate of gestational weight 

gain (kg /week) 

0.42 (0.09) 0.42 (0.09) 0.42 (0.09) -1.044 0.297 

Page 23 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Gestational weight gain    6.338 0.042 

  Insufficient 2112 (27.45) 1203 (26.68) 909 (28.54)   

  Appropriate 3142 (40.84) 1893 (41.98) 1249 (39.22)   

  Excessive 2440 (31.71) 1413 (31.34) 1027 (32.24)   

Prenatal visits 11.89 (3.37) 11.91 (3.43) 11.86 (3.27) 0.562 0.574 

Prenatal visits    8.225 0.004 

  <8 822 (10.68) 520 (11.53) 302 (9.48)   

  ≥8 6872 (89.32) 3989 (88.47) 2883 (90.52)   

  Total 7694 (100) 4509 (58.60) 3185 (41.40)   

Missing data: occupation 26 (0.34%), education 14 (0.18%) history of induced abortion 2 

(0.03%), and family history of chronic disease 59 (0.77%). 
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Supplemental Table 2 The influence of COVID-19 pandemic on pregnancy outcome 

 

Pregnancy outcomes Model C (full model) 

aRR (95%CI) P 

Maternal adverse outcomes   

Gestational diabetes
b
 0.93 (0.87, 1.01)     0.066 

Gestational hypertension
b
 0.94 (0.77, 1.14) 0.52 

Premature rupture of membranes
b
 1.10 (1.03, 1.20) 0.007 

Caesarean section
b
 1.04 (0.98, 1.10)    0.189 

Fetal adverse outcomes 
  

Stillbirth 1.00 (1.00, 1.00) 0.647 

Fetal distress
b
 1.14 (1.01, 1.28) 0.033 

Preterm birth
b
 0.75 (0.56, 1.02) 0.063 

Low birth weight
b
 0.87 (0.61, 1.24) 0.441 

Macrosomia
b
 

1.05 (0.87, 1.26) 0.608 

Note：aRR, adjusted risk ratio; b these pregnancy outcomes all based on 7694 live birth data. 

Model C: controlling maternal age, ethnicity, occupation, education, gravidity, parity, history 

of miscarriage, history of induced abortion, pregnancy BMI, the rate of gestational weight 

gain, family history of chronic disease, the number of prenatal visit. 
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3-4

Objectives 3 State specific objectives, including any pre-specified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4-5

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

4-5Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

4-5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5-6

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

5-6

Bias 9 Describe any efforts to address potential sources of bias 6
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
5-6

(a) Describe all statistical methods, including those used to control for confounding 6-7

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed n/a

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed

6
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses 6

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
7

(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram 5

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

7

(b) Indicate number of participants with missing data for each variable of interest 16
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 4-5

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 7
Case-control study—Report numbers in each exposure category, or summary measures of exposure n/a
Cross-sectional study—Report numbers of outcome events or summary measures n/a

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

7

(b) Report category boundaries when continuous variables were categorized 5
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period 7

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7-8
Discussion
Key results 18 Summarise key results with reference to study objectives 8-11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

8-11

Generalisability 21 Discuss the generalisability (external validity) of the study results 8,11
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
11

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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