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Introduction

Coronavirus disease 2019 (COVID-19) is a viral respiratory 
disease caused by severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2). It has been a global threat to public 
health owing to its high mortality and morbidity rates since 
the first outbreak in Wuhan, China, in December 2019. 
According to the World Health Organization, as of Novem-
ber 30, 2022, there were 639,132,486 confirmed cases of  
COVID-19 globally, including 6,614,082 deaths. 

The experience of patients infected with COVID-19 varies 
significantly, ranging from asymptomatic to acute respiratory 
distress syndrome accompanied by high fever and severe 
respiratory symptoms, similar to those of the Middle East re-
spiratory syndrome (MERS) and the SARS outbreak in 2003. 

Pregnant women undergo immunological and physiological 
changes that prevent fetal allograft rejection. These changes 
also increase their susceptibility to viral respiratory infections. 
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The SARS outbreak in 2003 and MERS were associated with 
high fatality rates, with one-third of the infected pregnant 
women dying. 

During the pandemic, pregnant women experienced con-
siderable fear of the respiratory virus, besides anxiety regard-
ing outcomes because it was unknown how the new viral 
outbreaks would affect pregnancy and neonatal prognosis, 
and vaccine safety has not been verified. Previous studies 
have reported increased rates of miscarriage, intrauterine 
growth retardation (IUGR), premature delivery, and fetal 
death during MERS. Furthermore, viral respiratory infections 
are a leading cause of maternal mortality [1,2].

The pregnancy and neonatal outcomes associated with 
COVID-19 are inconsistent and diverse. Some studies have 
indicated that SARS-CoV-2 infection is not associated with 
adverse pregnancy outcomes [3,4]. Large-scale data analyses 
have stressed the urgency of establishing strategies to help 
clinicians manage pregnancies and ensure safe maternal and 
childcare deliveries. This systematic review and meta-analysis 
were based on a thorough review of the existing literature. 
We investigated the association between COVID-19 infec-
tion during pregnancy and adverse pregnancy outcome to 
aid clinicians and researchers in managing pregnant women 
infected with COVID-19 currently and contribute to prepara-
tions for future respiratory virus outbreaks.

Search strategy 

We searched the literature to identify articles that compared 
obstetrical and neonatal outcomes between COVID-19-in-
fected and non-infected mothers. This systematic review and 
meta-analysis were conducted using the PROSPERO proto-
col (CRD42023402238). We performed a systematic online 
search of the MEDLINE, EMBASE, and Cochrane Library data-
bases for relevant articles published until October 19, 2022. 
The databases were searched using a combination of Medi-
cal Subject Headings and text terms related to COVID-19 and 
pregnancy outcomes. The detailed search strategy used for 
each database is presented in Supplementary Table 1. Two 
reviewers (M.A.K. and Y.J.) independently selected studies. 
They first performed title and abstract screening and then 
assessed the full texts of the selected studies for eligibility 
according to the inclusion criteria. They cross-checked previ-
ously published review articles to identify additional studies 

that were missed during our online searches. Discrepancies 
were resolved by consensus-based discussions. 

Study selection 

We selected full-text articles that reported the impact of  
COVID-19 on obstetrical and neonatal outcomes by compar-
ing infected and non-infected mothers and those that met 
the inclusion criteria as follows. 1) A population-based, cross-
sectional, cohort, or case-control study design. 2) Inclusion of 
laboratory-confirmed non-infected pregnant women or preg-
nant women before the pandemic as a control group. 3) The 
study population included pregnant women with laboratory-
confirmed COVID-19 infection at any stage of gestation, or 
pregnant women with assigned codes for COVID-19 based 
on the International classification of disease 10th version 
and related health problems. 4) Results included pregnancy 
or neonatal outcomes according to the COVID-19 infection 
status. 

Outcomes, such as miscarriage, preterm birth, preeclamp-
sia, cesarean section, intrauterine fetal death (IUFD) or still-
birth, preterm premature rupture of membranes (PPROM), 
placental abruption, placenta previa, postpartum hemor-
rhage, and maternal mortality were assessed as obstetric 
outcomes. IUGR, small for gestational age (SGA), low birth 
weight (LBW), neonatal intensive care unit (NICU) admission, 
and perinatal mortality were assessed as neonatal outcomes. 
Studies that met the following criteria were excluded: case 
reports, case series, review articles, editorials or letters to the 
editor, conference abstracts, lack of a control group, publi-
cations other than English, and inadequate information for 
data extraction.

Data extraction 

We reviewed the full-text articles for complete data extrac-
tion and clarity if the details were not explicitly mentioned 
in the abstracts. The information extracted from each study 
included the first author’s name, publication year, journal 
name, study design, country, study period, inclusion and 
exclusion criteria, and the number of women included in the 
case and control groups.
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Quality assessment 

The Newcastle-Ottawa scale (NOS) was used to assess the 
quality of the included studies. The NOS evaluates studies 
from three perspectives: study group selection, group com-
parability, and exposure or outcome of interest for case-con-
trol or cohort studies. According to the NOS, each study was 
awarded a maximum of nine points with scores for various 
questions in each domain. Studies were considered of high 
quality if they had a NOS score ≥6.

Statistical analysis

This systematic review and meta-analysis were conducted ac-
cording to the protocols established in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses guide-
lines and the Cochrane handbook for systematic reviews. We 
used a random-effects model to calculate the pooled odds 
ratios (ORs) and 95% confidence intervals (CIs) for adverse 
pregnancy outcomes experienced by women with or without 

COVID-19 infection. Heterogeneity was assessed using the I2 
statistic; values of >25%, >50%, and >75% were considered 
evidence of low, moderate, and considerable statistical het-
erogeneity, respectively. A sensitivity analysis was conducted 
to evaluate the influence of individual studies on the meta-
analysis by restricting the studies individually and assessing 
the effect on the main summary estimate. Significance levels 
were set at P<0.05 if the 95% CI did not include 1. All sta-
tistical analyses were performed using RevMan (version 5.4; 
The Nordic Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark).

Study characteristics 

The database search identified 4,279 citations, of which 
4,108 were excluded from the title and abstract review. The 
remaining 171 citations were considered eligible for full-text 
screening, of which 69 met the inclusion criteria and were 
considered eligible for inclusion in the meta-analysis (Fig. 1). 
Table 1 presents the baseline characteristics of the 69 includ-

Fig. 1. Flowchart of the study selection process. COVID-19, coronavirus disease 2019.
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ed studies. These studies included 39,716 pregnant women 
with COVID-19 and 1,566,827 pregnant women without 
COVID-19. Reverse transcriptase-polymerase chain reaction 
was used as a diagnostic method to confirm COVID-19 in 
most studies [3,5-71].

Preterm birth 

Fifty studies reported the incidence of preterm births in 2,687 
(10.3%) women with COVID-19 infection versus 58,203 
(6.1%) women without the infection, demonstrating a sig-
nificant difference (P<0.001). The risk of preterm birth was 
significantly (1.6-fold) higher among women with COVID-19 
than those without (OR, 1.59; 95% CI, 1.42-1.78; I2=69%; 
Fig. 2A). Most studies did not accurately describe the indica-
tions for preterm birth. When only the eight studies that clas-
sified spontaneous preterm births were analyzed, the odds 
were 1.3-fold higher in women with COVID-19 than those 
without (OR, 1.33; 95% CI, 1.20-1.48; I2=22%; Fig. 2B).

Preeclampsia 

Thirty-four studies reported that preeclampsia occurred 
in 2,214 of 27,732 women with COVID-19 (8.0%) versus 
78,429 of 1,358,619 women without COVID-19 (5.8%), 
demonstrating a significant difference (OR, 1.41; 95% CI, 
1.30-1.5; I2=31%; Fig. 3A).

Low birth weight 

Twelve studies reported that 987 neonates had LBW, includ-
ing 407 born to women with COVID-19 and 580 born to 
women without COVID-19. The risk of LBW was significantly 
higher among the offspring of women with COVID-19 infec-
tion than those born to women without the infection (OR, 
1.52; 95% CI, 1.30-1.79; I2=6%; Fig. 3B). 

Cesarean section 

Fifty-seven studies reported the incidence of cesarean sec-
tions in 1,484,791 pregnant women. Women who experi-A
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enced the COVID-19 infection during pregnancy were 1.2-
fold more likely to deliver by a cesarean section than those 
without (OR, 1.20; 95% CI, 1.10-1.30; I2=79%; Fig. 4A). 

IUFD or stillbirth 

Twenty-seven studies reported the incidence of IUFD or still-
birth in 256 women with COVID-19 and 6,730 women with-
out COVID-19. The odds of IUFD or stillbirth were higher in 
women with COVID-19 than those without (OR, 1.71; 95% 
CI, 1.39-2.10; I2=27%; Fig. 4B). 

Fig. 2. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and preterm delivery (A) and spontaneous preterm delivery (B). SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; CI, confi-
dence interval.

A
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 19 55 12 94 1.4% 3.61 [1.59, 8.21]
Adhikari, 2020 27 245 328 3,035 3.1% 1.02 [0.67, 1.55]
Ahlberg, 2020 14 155 45 604 2.0% 1.23 [0.66, 2.31]
Alipour, 2021 25 53 18 135 1.6% 5.80 [2.79, 12.08]
Brandt, 2021 7 61 10 122 1.0% 1.45 [0.52, 4.02]
Cardona-Perez, 2021 14 64 38 157 1.8% 0.88 [0.44, 1.76]
Cosma, 2021 1 16 9 105 0.3% 0.71 [0.08, 6.02]
Crovetto, 2021 20 317 81 1,908 2.6% 1.52 [0.92, 2.52]
Cruz-Lemini, 2021 13 174 28 430 1.8% 1.16 [0.59, 2.29]
Cruz-Meguizo, 2021 149 1,347 94 1,607 4.0% 2.00 [1.53, 2.62]
Cunarro-Lopez, 2020 13 68 2 43 0.5% 4.85 [1.04, 22.66]
Diaz-Corvillon, 2020 4 37 27 549 0.9% 2.34 [0.77, 7.09]
Edlow, 2020 10 64 5 63 0.8% 2.15 [0.69, 6.69]
Erol, 2020 1 60 0 36 0.1% 1.84 [0.07, 46.38]
Fallach, 2022 93 2,753 75 2,753 3.8% 1.25 [0.92, 1.70]
Farghaly, 2020 2 15 3 64 0.3% 3.13 [0.47, 20.64]
Ferrugini, 2022 7 61 10 122 1.0% 1.45 [0.52, 4.02]
Flaherman, 2021 21 179 9 84 1.4% 1.11 [0.48, 2.53]
Getahun, 2022 186 2,203 2,210 32,920 4.8% 1.28 [1.10, 1.50]
Gupta, 2021 31 108 446 3,057 3.0% 2.36 [1.53, 3.62]
Gurol-Urganci, 2021 369 3,047 18,572 322,494 5.0% 2.25 [2.02, 2.52]
Hcini, 2021 11 137 36 370 1.7% 0.81 [0.40, 1.64]
Jering, 2020 459 6,380 23,234 400,066 5.0% 1.26 [1.14, 1.38]
Katz, 2021 72 490 98 964 3.7% 1.52 [1.10, 2.11]
Laresgoiti-Servitje, 2021 39 298 129 828 3.3% 0.82 [0.55, 1.20]
Li, 2020 3 16 41 121 0.5% 3.76 [0.86, 16.33]
Liao, 2020 1 10 7 53 0.2% 1.07 [0.11, 10.24]
Liu, 2021 8 56 5 279 1.4% 0.97 [0.43, 2.19]
M'poca Charles, 2020 3 21 49 202 0.7% 0.52 [0.15, 1.84]
Martinez-Perez, 2020 34 246 51 763 2.8% 2.24 [1.41, 3.55]
Masud, 2021 37 70 42 140 2.2% 2.62 [1.45, 4.73]
Millin, 2021 6 30 117 1268 1.2% 2.46 [0.99, 6.14]
Nayak, 2020 38 141 239 836 3.2% 0.92 [0.62, 1.38]
Norman, 2021 205 2,323 4,719 85,836 4.8% 1.66 [1.44, 1.93]
Papageorghiou, 2021 152 725 191 1,459 4.3% 1.76 [1.39, 2.23]
Pineles, 2020 5 77 90 858 1.2% 0.59 [0.23, 1.51]
Prabhu, 2020 11 70 57 605 1.7% 1.79 [0.89, 3.61]
Regan, 2021 335 2,655 6,053 75,628 5.0% 1.66 [1.48, 1.87]
Ruggiero, 2021 2 28 22 287 0.5% 0.93 [0.21, 4.16]
Saadia, 2021 1 48 0 46 0.1% 2.94 [0.12, 73.95]
Seyed-Abdolvahab, 2021 5 20 2 20 0.4% 3.00 [0.51, 17.74]
Smithgall, 2020 10 51 4 25 0.7% 1.28 [0.36, 4.57]
Sutton, 2021 10 79 37 375 1.6% 1.32 [0.63, 2.79]
Teixeira, 2021 7 33 10 82 0.9% 1.94 [0.67, 5.62]
Timircan, 2021 15 101 75 938 2.1% 2.01 [1.10, 3.65]
Trahan, 2021 7 45 21 225 1.2% 1.79 [0.71, 4.50]
Villar, 2021 159 706 194 1,424 4.3% 1.84 [1.46, 2.33]
Wang, 2020 9 53 66 760 1.6% 2.15 [1.01, 4.60]
Yadav, 2020 8 28 13 112 1.0% 3.05 [1.12, 8.31]
Yang, 2020 9 65 579 11,013 1.7% 2.90 [1.43, 5.88]

Total (95% CI) 26,084
Total events 2,687 58,203 955,965 100.0% 1.59 [1.42, 1.78]
Heterogeneity: Tau2=0.06; Chi2=155.89; df=49 (P<0.00001); I2=69%
Test for overall effect: Z=8.07 (P<0.00001)
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Fetal distress, NICU admission, and 
perinatal mortality 

Seven studies reported the incidence of fetal distress in 169 
women with COVID-19 and 577 women without COVID-19. 
We observed a statistically significant increase in fetal distress 
among women with COVID-19 than those without (OR, 2.49; 
95% CI, 1.54-4.03; I2=69%; Fig. 5A). Thirty-one studies re-
ported the NICU admissions of 12,397 neonates (1,187 with 
COVID-19 and 11,210 without COVID-19). The overall risk 
of NICU admission was significantly higher among women 
with COVID-19 infection than those without (OR, 2.33; 95% 
CI, 1.72-3.16; I2=89%; Fig. 5B). Perinatal mortality occurred 
in 27 of 4,123 (0.65%) cases with COVID-19 versus 105 of 
14,474 (0.73%) cases without COVID-19 among a total of 
21 studies (OR, 1.96; 95% CI, 1.15-3.34; I2=0%; Fig. 5C).

Maternal mortality 

Twelve studies reported the incidence of maternal mortality 
in 39 of 9,633 women (0.40%) with COVID-19 versus 90 
of 494,811 women (0.02%) without COVID-19, revealing a 
significant difference between the two (P<0.05). COVID-19 
infection during pregnancy resulted in an increased risk of 
maternal mortality relative to those who were not infected 
(OR, 6.15; 95% CI, 3.74; I2=62%; Fig. 5D).

Other outcomes 

Pregnant women with COVID-19 had a higher risk of pla-
cental abruption (OR, 1.40; 95% CI, 1.02-1.92; I2=19%; 12 
studies), IUGR or SGA (OR, 1.12; 95% CI, 1.0-1.26; I2=48%; 
27 studies), gestational diabetes mellitus (OR, 1.13; 95% CI, 
1.04-1.23; I2=45%; 40 studies), and congenital anomalies 
(OR, 1.45; 95% CI, 1.04-2.01; I2=0%; eight studies) (Supple-
mentary Fig. 1). No significant differences were observed in 
the total miscarriage rates (OR, 1.04; 95% CI, 0.64-1.60; 
I2=74%; 13 studies), the incidences of PPROM (OR, 1.36; 
95% CI, 0.96-1.93; I2=26%; 10 studies), postpartum hemor-
rhage (OR, 0.98; 95% CI, 0.78-1.24; I2=70%; 22 studies), 
cholestasis (OR, 1.34; 95% CI, 0.83-2.18; I2=0%; seven 
studies), or chorioamnionitis (OR, 1.26; 95% CI, 0.93-1.72; 
I2=38%; 14 studies) between women with and without the 
COVID-19 infection (Supplementary Fig. 2). 

Conclusion

COVID-19 has spread rapidly worldwide and become a 
global health concern. It is associated with various complica-
tions, including high mortality and morbidity rates ranging 
from pulmonary distress to death. Pregnant women are 
susceptible to respiratory infections and can experience ad-
verse outcomes. In this updated systematic review and meta-
analysis, we described the obstetric and neonatal outcomes 
of COVID-19-infected versus non-infected pregnant women. 
We also investigated the effects of COVID-19 infection dur-

B
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Alipour, 2021 7 53 10 135 1.0% 1.90 [0.68, 5.29]
Cruz-Meguizo, 2021 78 1,347 74 1,607 8.4% 1.27 [0.92, 1.77]
Getahun, 2022 99 2,203 1,134 32,920 17.1% 1.32 [1.07, 1.63]
Hcini, 2021 11 137 36 370 2.0% 0.81 [0.40, 1.64]
Ko, 2021 315 6,550 17,392 482,921 35.1% 1.35 [1.21, 1.52]
Martinez-Perez, 2020 15 246 36 763 2.6% 1.31 [0.71, 2.44]
Regan, 2021 231 2,655 4,574 75,628 29.1% 1.48 [1.29, 1.70]
Villar, 2021 27 706 66 1,424 4.6% 0.82 [0.52, 1.29]

Total (95% CI) 13,897 595,768 100.0% 1.33 [1.20, 1.48]
Total events 783 23,322
Heterogeneity: Tau2=0.00; Chi2=8.95; df=7 (P=0.26); I2=22%
Test for overall effect: Z=5.53 (P<0.00001)
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Fig. 2. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and preterm delivery (A) and spontaneous preterm delivery (B). SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; CI, confi-
dence interval. (Continued)
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ing pregnancy on adverse pregnancy outcomes by comparing 
the obstetric and neonatal outcomes of COVID-19-infected 
versus non-infected pregnant women.

Adverse pregnancy outcomes were more common in preg-

nant women with COVID-19 than in those without. This re-
view revealed that COVID-19 during pregnancy is associated 
with an increased risk of cesarean delivery, preterm birth, 
preeclampsia, IUFD or stillbirth, gestational diabetes mel-

B
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 11 55 14 94 3.2% 1.43 [0.60, 3.41]
Alipour, 2021 16 53 20 135 4.3% 2.49 [1.17, 5.29]
Fallach, 2022 96 2,753 72 2,753 21.7% 1.35 [0.99, 1.83]
Li, 2020 3 17 3 121 0.9% 8.43 [1.55, 45.84]
Masud, 2021 17 70 27 140 5.1% 1.34 [0.67, 2.67]
Millin, 2021 5 30 121 1,268 2.6% 1.90 [0.71, 5.04]
Saadia, 2021 96 2,753 72 2,753 21.7% 1.35 [0.99, 1.83]
Seyed-Abdolvahab, 2021 2 20 1 20 0.4% 2.11 [0.18, 25.35]
Sutton, 2021 9 79 37 375 4.1% 1.17 [0.54, 2.54]
Teixeira, 2021 2 33 10 82 1.0% 0.46 [0.10, 2.25]
Trahan, 2021 5 47 22 227 2.4% 1.11 [0.40, 3.10]
Villar, 2021 145 706 181 1,424 32.5% 1.77 [1.40, 2.26]

1
Total (95% CI) 6,616 9,392 100.0% 1.52 [1.30, 1.79]
Total events 407 580
Heterogeneity: Tau2=0.01; Chi2=11.74; df=11 (P=0.38); I2=6%
Test for overall effect: Z=5.19 (P<0.00001)

Fig. 3. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and preeclampsia (A) and low birth weight (B). SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; CI, confidence interval.

A
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 11 55 7 94 0.7% 3.11 [1.13, 8.57]
Adhikari, 2020 26 245 359 3,035 3.2% 0.88 [0.58, 1.35]
Ahlberg, 2020 12 155 26 604 1.3% 1.87 [0.92, 3.79]
Brandt, 2021 6 61 10 122 0.6% 1.22 [0.42, 3.53]
Cardona-Perez, 2021 12 67 15 164 1.0% 2.17 [0.95, 4.92]
Cosma, 2021 0 16 3 105 0.1% 0.89 [0.04, 17.98]
Crovetto, 2021 8 317 40 1,908 1.1% 1.21 [0.56, 2.61]
Cruz-Lemini, 2021 7 174 23 430 0.9% 0.74 [0.31, 1.76]
Cruz-Meguizo, 2021 69 1,347 64 1,607 4.4% 1.30 [0.92, 1.84]
Erol, 2020 2 60 0 36 0.1% 3.12 [0.15, 66.83]
Ferrugini, 2022 19 86 32 179 1.6% 1.30 [0.69, 2.46]
Getahun, 2022 222 2,203 2,802 32,920 11.9% 1.20 [1.04, 1.39]
Gulersen, 2020 5 50 7 50 0.5% 0.68 [0.20, 2.32]
Gurol-Urganci, 2021 139 3,527 8,591 338,553 10.4% 1.58 [1.33, 1.87]
Jering, 2020 605 6,380 28,355 400,066 15.5% 1.37 [1.26, 1.49]
oll;lkKo, 2021 616 6,550 33,078 482,921 15.5% 1.41 [1.30, 1.54]
Laresgoiti-Servitje, 2021 25 298 53 828 2.5% 1.34 [0.82, 2.20]
M'poca Charles, 2020 1 21 52 202 0.2% 0.14 [0.02, 1.10]
Martinez-Perez, 2020 11 246 44 763 1.4% 0.76 [0.39, 1.51]
Papageorghiou, 2021 59 725 64 1,459 4.1% 1.93 [1.34, 2.78]
Patberg, 2021 59 77 04 56 0.1% 8.57 [0.46, 158.29]
Pirjani, 2020 5 66 4,406 133 0.4% 3.23 [0.88, 11.85]
Regan, 2021 6 2,655 22 75,628 11.9% 1.37 [1.19, 1.59]
Rodriguez-Diaz, 2021 208 29 22 591 0.3% 1.92 [0.43, 8.57]
Rosenbloom, 2021 2 83 22 166 1.2% 1.33 [0.64, 2.75]
Saadia, 2021 14 48 0 46 Not estimable
Soto-Torres, 2021 0 106 11 103 1.1% 2.07 [0.94, 4.54]
Steffen, 2021 21 61 85 939 1.2% 1.74 [0.83, 3.65]
Teixeira, 2021 9 33 13 82 0.3% 0.34 [0.07, 1.61]
Timircan, 2021 2 19 28 938 0.3% 3.82 [0.84, 17.35]
Villar, 2021 2 706 63 1,424 4.0% 1.97 [1.36, 2.84]
Vousden, 2021 59 1,148 8 694 1.0% 1.52 [0.67, 3.47]
Wang, 2020 20 53 59 760 1.2% 2.76 [1.32, 5.78]
Yang, 2020 10 65 83 11,013 0.2% 2.06 [0.28, 15.01]

1
Total (95% CI) 27,732 1,358,619 100.0% 1.41 [1.30, 1.53]
Total events 2,214 78,429
Heterogeneity: Tau2=0.01; Chi2=46.18; df=32 (P=0.05); I2=31%
Test for overall effect: Z=8.06 (P<0.00001)
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litus, IUGR or SGA, and LBW. Moreover, COVID-19 infection 
during pregnancy can lead to an increased risk of neonatal 
complications, such as fetal distress, NICU admission, and 

perinatal mortality. Furthermore, COVID-19 negatively af-
fected maternal mortality.

These findings are consistent with those of previous stud-

Fig. 4. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and cesarean section (A) and IUFD or stillbirth (B). SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; CI, confidence interval; 
IUFD, intrauterine fetal death.

A
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 37 55 45 94 1.1% 2.24 [1.12, 4.48]
Adhikari, 2020 65 245 1,011 3,035 2.9% 0.72 [0.54, 0.97]
Ahlberg, 2020 36 155 159 604 2.1% 0.85 [0.56, 1.28]
Alipour, 2021 33 53 88 135 1.2% 0.88 [0.46, 1.70]
Bender, 2020 0 8 95 310 0.1% 0.13 [0.01, 2.32]
Brandt, 2021 14 61 40 122 1.1% 0.61 [0.30, 1.24]
Cardona-Perez, 2021 51 63 113 154 1.0% 1.54 [0.75, 3.18]
Chornock, 2021 28 73 342 935 1.8% 1.08 [0.66, 1.76]
Cosma, 2021 5 16 26 105 0.5% 1.38 [0.44, 4.35]
Crovetto, 2021 54 317 311 1,908 2.7% 1.05 [0.77, 1.45]
Cruz-Lemini, 2021 36 174 74 430 2.0% 1.25 [0.80, 1.96]
Cruz-Meguizo, 2021 373 1,347 328 1,607 3.8% 1.49 [1.26, 1.77]
Cunarro-Lopez, 2020 19 68 4 43 0.5% 3.78 [1.19, 12.03]
Diaz-Corvillon, 2020 18 37 272 549 1.2% 0.96 [0.50, 1.88]
Edlow, 2020 21 64 39 63 1.0% 0.30 [0.15, 0.62]
Farghaly, 2020 10 15 27 64 0.5% 2.74 [0.84, 8.94]
Ferrugini, 2022 57 86 100 179 1.6% 1.55 [0.91, 2.65]
Flaherman, 2021 63 179 34 84 1.6% 0.80 [0.47, 1.36]
Getahun, 2022 615 2,203 9,264 32,920 4.2% 0.99 [(0.90, 1.09]
Griffin, 2020 10 27 10 35 0.5% 1.47 [10.50, 4.29]
Gupta, 2021 63 108 914 3,057 2.3% 3.28 [2.22, 4.85]
Gurol-Urganci, 2021 1,355 3,527 109,322 338,553 4.3% 1.31 [1.22, 1.40]
Hcini, 2021 19 137 62 370 1.5% 0.80 [0.46, 1.39]
Jering, 2020 1,847 6,380 109,865 400,066 4.4% 1.08 [1.02, 1.14]
Katz, 2021 171 490 331 964 3.3% 1.03 [0.82, 1.29]
Ko, 2021 2,193 6,550 154,401 482,921 4.4% 1.07 [1.02, 1.13]
Laresgoiti-Servitje, 2021 124 298 368 828 3.1% 0.89 [0.68, 1.16]
Li, 2020 14 16 57 121 0.3% 7.86 [1.71, 36.08]
Liu, 2020 29 32 13 16 0.2% 2.23 [0.40, 12.57]
Liu, 2021 16 56 97 279 1.3% 0.75 [0.40, 1.41]
M'poca Charles, 2020 3 21 48 202 0.4% 0.53 [0.15, 1.89]
Martinez-Perez, 2020 55 246 143 763 2.5% 1.25 [0.88, 1.77]
Masud, 2021 50 70 59 140 1.3% 3.43 [1.85, 6.36]
Millin, 2021 12 30 359 1,268 1.0% 1.69 [0.80, 3.54]
Nayak, 2020 67 141 376 836 2.5% 1.11 [0.77, 1.58]
Norman, 2021 495 2,286 15,450 84,719 4.2% 1.24 [1.12, 1.37]
Patberg, 2021 20 77 42 56 0.9% 0.12 [0.05, 0.26]
Pineles, 2020 21 77 233 858 1.6% 1.01 [0.60, 1.70]
Prabhu, 2020 32 70 187 605 1.7% 1.88 [1.14, 3.11]
Regan, 2021 712 2,655 15,609 75,628 4.2% 1.41 [1.29, 1.54]
Rodriguez-Diaz, 2021 8 29 104 591 0.8% 1.78 [0.77, 4.14]
Rosenbloom, 2021 26 83 43 166 1.4% 1.30 [0.73, 2.33]
Ruggiero, 2021 10 28 108 287 0.9% 0.92 [0.41, 2.07]
Saadia, 2021 20 48 17 46 0.8% 1.22 [0.53, 2.79]
Saviron-Comudella, 2021 3 22 156 1,146 0.4% 1.00 [0.29, 3.43]
Seyed-Abdolvahab, 2021 9 20 8 20 0.4% 1.23 [0.35, 4.31]
Smithgall, 2020 25 51 15 25 0.6% 0.64 [0.24, 1.69]
Soto-Torres, 2021 29 106 41 103 1.4% 0.57 [0.32, 1.02]
Sutton, 2021 36 79 168 375 1.8% 1.03 [0.63, 1.68]
Teixeira, 2021 10 33 26 82 0.8% 0.94 [0.39, 2.25]
Timircan, 2021 30 101 159 938 1.9% 2.07 [1.31, 3.28]
Trahan, 2021 13 45 76 225 1.1% 0.80 [0.39, 1.61]
Villar, 2021 346 706 547 1,424 3.7% 1.54 [1.28, 1.85]
Vousden, 2021 467 1,148 201 694 3.5% 1.68 [1.37, 2.06]
Wang, 2020 23 53 257 760 1.5% 1.50 [0.85, 2.64]
Yadav, 2020 18 28 40 112 0.8% 3.24 [1.37, 7.69]
Yang, 2020 52 65 6,020 11,013 1.3% 3.32 [1.80, 6.10]

Total (95% CI) 31,158 1,453,633 100.0% 1.20 [1.10, 1.30]
Total events 9,968 428,304
Heterogeneity: Tau2=0.04; Chi2=262.94; df=49 (P<0.00001); I2=79%
Test for overall effect: Z=4.20 (P<0.0001)
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ies [72]. Allotey et al. [2] reported that COVID-19 infection 
during pregnancy increases the risk of preterm birth, LBW, 
NICU admission, and stillbirth. Lassi et al. [73] reported a 
2-fold increased risk of preterm birth in women with severe 
symptomatic COVID-19. Pathirathna et al. [74] suggested 
that pregnant women with COVID-19 have an increased 
risk of maternal death, preeclampsia, cesarean delivery, fetal 
distress, preterm birth, LBW, NICU admission, and stillbirth. 
In contrast, Huntley et al. [75], and Wei et al. [76] reported 
that COVID-19 infection during pregnancy did not increase 
the risk of cesarean delivery. Nevertheless, Wei et al. [77] re-
ported that the risk of preterm birth, cesarean delivery, and 
preeclampsia increased with the presence and severity of 
COVID-19 symptoms.

Previous studies have reported that the most common ob-
stetric complications associated with COVID-19 are PPROM, 
postpartum hemorrhage, cesarean delivery, and preterm birth 
[78,79]. The inflammatory reaction associated with infection 
can lead to the destruction of placental function and the 
subsequent development of adverse pregnancy outcomes 

[18,58,80]. Cesarean section is the preferred delivery route in 
COVID-19-positive pregnancies. The higher rate of cesarean 
sections compared to the current cesarean delivery rate of 
30% could be due to changes in the obstetric management 
protocols influenced by the infectious disease management 
policy of the institution; this could also be attributed to dis-
ease progression caused by COVID-19. This finding is con-
sistent with the results of another meta-analysis. Since most 
studies examined did not specify the indications for cesarean 
sections, this could not be accurately analyzed. 

The present review demonstrates that COVID-19 infection 
during pregnancy is associated with an increased risk of pre-
eclampsia. Pérez-López et al. [81] reported that preeclampsia 
and hypertensive disorders of pregnancy were more com-
mon in COVID-19-infected pregnant women regardless of 
the presence or severity of their symptoms. Other studies 
reported a positive association between preeclampsia and 
COVID-19 during pregnancy [74,77,82,83]. Multiple mecha-
nisms are involved in the pathogenesis of preeclampsia in 
pregnant women with COVID-19. SARS-CoV-2 binds to cell 

Fig. 4. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and cesarean section (A) and fetal death (B). SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; CI, confidence interval. (Con-
tinued)

B
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Adhikari, 2020 0 245 18 3,035 0.5% 0.33 [0.02, 5.53]
Ahlberg, 2020 1 155 4 604 0.8% 0.97 [0.11, 8.78]
Brandt, 2021 0 61 0 122 Not estimable
Cardona-Perez, 2021 5 70 6 170 2.5% 2.10 [0.62, 7.13] 
Cosma, 2021 0 16 0 105 Not estimable
Cruz-Lemini, 2021 2 174 0 430 0.4% 12.48 [0.60, 261.25]
Cruz-Meguizo, 2021 10 1,347 3 1,607 2.3% 4.00 [1.10, 14.56]
Fallach, 2022 16 2,753 11 2,753 5.4% 1.46 [0.68, 3.15]
Getahun, 2022 14 2,203 160 32,920 8.8% 1.31 [0.76, 2.27]
Gurol-Urganci, 2021 30 3,527 1,140 338,553 13.5% 2.54 [1.76, 3.65]
Hcini, 2021 7 137 4 370 2.4% 4.93 [1.42, 17.11]
Jering, 2020 34 6,380 1,289 400,066 14.2% 1.66 [1.18, 2.33]
Ko, 2021 63 6,550 3,439 482,921 17.4% 1.35 [1.05, 1.74]
Laresgoiti-Servitje, 2021 19 298 38 828 8.4% 1.42 [0.80, 2.50]
M'poca Charles, 2020 2 21 202 1 1.3% 5.21 [0.90, 30.33]
Martinez-Perez, 2020 3 246 763 3 0.8% 9.41 (0.97, 90.86]
Masud, 2021 4 70 140 10 1.7% 2.77 [0.60, 12.72]
Millin, 2021 0 30 1,268 31 0.5% 1.96 [0.11, 34.30]
Nayak, 2020 3 141 836 535 2.6% 0.56 [0.17, 1.87]
Regan, 2021 25 2,655 75,628 0 12.3% 1.33 [0.89, 2.00]
Rodriguez-Diaz, 2021 0 29 591 0 Not estimable
Ruggiero, 2021 28 0 287 2 Not estimable
Saviron-Comudella, 2021 22 20 1,146 21,202 0.4% 10.17 [0.47, 218.04]
Seyed-Abdolvahab, 2021 1,148 68 20 694 0.4% 0.32 [0.01, 8.26]
Soto-Torres, 2021 9 1,148 633 694 1.7% 2.73 [0.59, 12.69]
Von Bargen, 2022 Not estimable
Vousden, 2021 1.7% 2.73 [0.59, 12.69]

Total (95% CI) 29,542 1,347,386 100.0% 1.71 [1.39, 2.10]
Total events 256 6,703
Heterogeneity: Tau2=0.05; Chi2=28.65; df=49 (P<0.12); I2=27%
Test for overall effect: Z=5.13 (P<0.00001)
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membrane angiotensin-converting enzyme 2, which plays 
an important role in the renin-angiotensin system (RAS). RAS 
controls trophoblast proliferation, angiogenesis, and utero-
placental blood flow. COVID-19 can alter RAS function via its 
downregulation, which induces preeclampsia. Moreover, the 
infected placenta shows a decreased expression of angioten-
sin-conversing enzyme 2 receptors concurrent with increased 
production of soluble fms-like tyrosine kinase-1, which 

has been implicated in the pathogenesis of preeclampsia. 
Garrido-Pontnou et al. [84], and Hecht et al. [85] reported 
that infected COVID-19 term placentas demonstrated villous 
trophoblast necrosis, inflammatory infiltration, and fibrinoid 
deposition. The authors suggest that these placental mecha-
nisms against infection could contribute to adverse pregnan-
cy outcomes. 

Moreover, COVID-19 infection during pregnancy increases 

B
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 9 55 20 94 3.4% 0.72 [0.30, 1.73] 
Alipour, 2021 18 53 10 135 3.4% 6.43 [2.72, 15.18]
Bender, 2020 0 8 25 310 0.9% 0.66 [0.04, 11.74] 
Brandt, 2021 53 61 14 122 3.3% 51.11 [20.19, 129.37]
Chomock, 2021 12 73 113 935 3.9% 1.43 [0.75, 2.74]
Cosma, 2021 1 16 6 105 1.4% 1.10 [0.12, 9.79]
Cruz-Lemini, 2021 12 174 7 430 3.2% 4.48 [1.73, 11.57]
Cruz-Meguizo, 2021 137 1,347 39 1,607 4.4% 4.55 [3.16, 6.55]
Cunarro-Lopez, 2020 14 68 3 43 2.5% 3.46 [0.93, 12.84]
Farghaly, 2020 10 15 16 64 2.7% 6.00 [1.78, 20.19]
Ferrugini, 2022 34 86 25 179 4.0% 4.03 [2.20, 7.37]
Flaherman, 2021 31 179 13 84 3.8% 1.14 [0.56, 2.32]
Getahun, 2022 191 2,203 2,684 32,920 4.7% 1.07 [0.92, 1.25]
Gupta, 2021 14 108 254 3,057 4.0% 1.64 [0.92, 2.92]
Hcini, 2021 3 137 12 364 2.6% 0.66 [0.18, 2.36]
M'poca Charles, 2020 2 21 36 202 2.2% 0.49 [0.11, 2.18]
Martinez-Perez, 2020 23 246 18 763 3.9% 4.27 [2.26, 8.05]
Nayak, 2020 24 141 202 836 4.2% 0.64 [0.40, 1.03]
Norman, 2021 271 2,323 7,351 85,386 4.7% 1.40 [1.23, 1.59]
Patberg, 2021 6 77 6 56 2.7% 0.70 [0.21, 2.31]
Pineles, 2020 74 77 107 858 2.8% 173.13 [53.63, 558.89]
Prabhu, 2020 13 73 68 614 3.9% 1.74 [0.91, 3.33]
Ruggiero, 2021 5 28 21 287 3.0% 2.75 [0.95, 7.98]
Saadia, 2021 3 48 2 46 1.7% 1.47 [0.23, 9.21]
Seyed-Abdolvahab, 2021 2 20 3 20 1.6% 0.63 [0.09, 4.24]
Soto-Torres, 2021 39 106 15 103 3.8% 3.41 [1.74, 6.71]
Sutton, 2021 14 79 46 375 3.9% 1.54 [0.80, 2.96]
Timircan, 2021 6 101 27 938 3.3% 2.13 [0.86, 5.29]
Trahan, 2021 6 47 22 227 3.2% 1.36 [0.52, 3.57]
Vousden, 2021 156 1,148 37 694 4.4% 2.79 [1.93, 4.05]
Yadav, 2020 4 28 8 112 2.6% 2.17 [0.60, 7.79]

Total (95% CI) 9,146 131,966 100.0% 2.33 [1.72, 3.16]
Total events 1,187 11,210
Heterogeneity: Tau2=0.51; Chi2=261.41; df=30 (P< 0.00001); I2=89%
Test for overall effect: Z=5.46 (P<0.00001)

Fig. 5. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and fetal distress (A), NICU admission (B), perinatal mortality (C), and maternal mortality (D). SARS-CoV-2, severe acute respiratory syn-
drome coronavirus-2; CI, confidence interval; NICU, neonatal intensive care unit.

A
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 9 55 4 94 9.7% 4.40 [1.29, 15.06]
Alipour, 2021 20 53 7 135 13.2% 11.08 [4.32, 28.43]
Crovetto, 2021 25 317 105 1,908 21.7% 1.47 [0.93, 2.31]
Gupta, 2021 24 108 334 3,057 21.4% 2.33 [1.46, 3.72]
Li, 2020 2 17 6 121 6.2% 2.56 [0.47, 13.83]
Seyed-Abdolvahab, 2021 2 20 1 20 3.3% 2.11 [0.18, 25.35]
Villar, 2021 87 706 120 1,424 24.4% 1.53 [1.14, 2.05]

Total (95% CI) 1,276 6,759 100.0% 2.49 [1.54, 4.03]
Total events 169 577
Heterogeneity: Tau2=0.22; Chi2=19.48; df=6 (P=0.003); I2=69%
Test for overall effect: Z=3.72 (P=0.0002)
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the risk of preterm birth. However, a previous study reported 
that the preterm birth rate during the pandemic was lower 
than that in the pre-pandemic era [86]. In this review, we did 
not address the causes of preterm birth, whether spontane-
ous or medically induced. Even when analyzing spontane-
ous preterm births, we observed that the risk of spontane-
ous preterm births was significantly higher in women with  
COVID-19 than in those without. Neonates born to women 
with COVID-19 had a higher NICU admission risk than those 
born to non-infected women. This finding is consistent with 
those of previous studies. Furthermore, COVID-19 increases 

the risk of fetal distress and perinatal mortality. 
Pregnant women are categorized as immunosuppressed 

because they undergo immunological and physiological 
changes during pregnancy that prevent fetal allograft rejec-
tion [87]. Hence, pregnant women are more susceptible 
to respiratory infections than does the general population. 
Moreover, the physiological changes in the cardiopulmonary 
system in pregnant women can worsen the symptoms of 
respiratory infections. Furthermore, an elevated diaphragm, 
increased oxygen demand, and generalized edema, includ-
ing that in the bronchial mucosa, experienced by pregnant 

D
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Cruz-Meguizo, 2021 2 1,347 0 1,607 4.4% 5.97 [0.29, 124.53] 
Gupta, 2021 1 108 7 3,057 4.6% 4.07 [0.50, 33.39]
Hcini, 2021 0 137 0 370 Not estimable
Ko, 2021 9 6,550 32 482,921 8.3% 20.76 [9.91, 43.51] 
Millin, 2021 1 30 0 1,268 0.2% 129.00 [5.15, 3233.01] 
Nayak, 2020 3 141 8 836 22.0% 2.25 [0.59, 8.58] 
Rios-Silva, 2020 10 448 7 1,216 35.9% 3.94 [1.49, 10.42] 
Ruggiero, 2021 0 28 0 287 Not estimable
Saadia, 2021 2 48 0 46 4.7% 5.00 [0.23, 107.01] 
Saviron-Comudella, 2021 0 22 35 1,146 13.3% 0.70 [0.04, 11.70] 
Villar, 2021 11 706 1 1,424 6.4% 22.52 [2.90, 174.80] 
Von Bargen, 2022 0 68 0 633 Not estimable

Total (95% CI) 9,633 494,811 100.0% 6.15 [3.74, 10.10]
Total events 39 90
Heterogeneity: Tau2=20.79; Chi2=8; df=49 (P<=0.008); I2=62%
Test for overall effect: Z=7.17 (P<0.00001)

C
SARS-COV-2 infection Non SARS-CoV-2 infection Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Abedzadeh-Kalahroudi, 2021 2 55 0 94 3.0% 8.83 [0.42, 187.39] 
Brandt, 2021 1 61 1 122 3.7% 2.02 [0.12, 32.80]
Crovetto, 2021 1 317 6 1,908 6.3% 1.00 [0.12, 8.36]
Cruz-Meguizo, 2021 6 1,347 2 1,607 11.1% 3.59 [0.72, 17.82]
Cunarro-Lopez, 2020 2 68 0 43 3.0% 3.27 [0.15, 69.78]
Diaz-Corvillon, 2020 1 37 3 549 5.4% 5.06 [0.51, 49.83]
Edlow, 2020 2 64 0 63 3.0% 5.08 [0.24, 107.95]
Ferrugini, 2022 2 86 4 179 9.6% 1.04 [0.19, 5.80]
Gupta, 2021 2 108 42 3,057 13.9% 1.35 [0.32, 5.67]
Hcini, 2021 0 137 0 364 Not estimable
M'poca Charles, 2020 0 21 5 202 3.3% 0.84 [0.04, 15.62]
Martinez-Perez, 2020 0 246 1 763 2.8% 1.03 [0.04, 25.39]
Millin, 2021 1 30 16 1,268 6.7% 2.70 [0.35, 21.03]
Pineles, 2020 0 77 7 858 3.4% 0.73 [0.04, 12.95]
Ruggiero, 2021 0 28 0 287 Not estimable
Seyed-Abdolvahab, 2021 1 20 0 20 2.7% 3.15 [0.12, 82.16]
Steffen, 2021 0 65 10 971 3.5% 0.70 [0.04, 12.06]
Sutton, 2021 0 79 2 375 3.1% 0.94 [0.04, 19.76]
Timircan, 2021 1 101 4 938 5.9% 2.33 [0.26, 21.09]
Vousden, 2021 47 1,148 1 694 5.9% 2.42 [0.27, 21.72]
Yadav, 2020 1 28 1 112 3.6% 4.11 [0.25, 67.85]

Total (95% CI) 4,123 14,474 100.0% 1.96 [1.15, 3.34]
Total events 27 105
Heterogeneity: Tau2=0.00; Chi2=5.94; df=49 (P=1.00); I2=0%
Test for overall effect: Z=2.48 (P=0.01)

Fig. 5. Forest plots of the summary crude odds ratios and 95% confidence intervals for the association between coronavirus disease 2019 
and fetal distress (A), NICU admission (B), perinatal mortality (C), and maternal mortality (D). SARS-CoV-2, severe acute respiratory syn-
drome coronavirus-2; CI, confidence interval; NICU, neonatal intensive care unit. (Continued)
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women are risk factors for hypoxia [88,89]. Previously, influ-
enza A subtype H1N1 virus, SARS-CoV, and MERS infections 
have demonstrated more systemic complications in pregnant 
women than in the general population [90,91]. However, 
unlike other respiratory viruses, the severity of COVID-19 
remains relatively low. A previous study reported that the 
laboratory findings, clinical presentations, and radiological 
findings of pregnant women with COVID-19 were similar 
to those of non-pregnant women [11]. Several hypotheses 
have been proposed to explain these findings. One of them 
is that COVID-19 is caused by a novel ribonucleic acid mu-
tation. Furthermore, concurrent with pregnancy, adaptive 
organ changes to offset fetal rejection may have resulted in a 
protective effect against the virus [92]. The process of immu-
nological adaptation, which starts during pregnancy, may be 
the key to the milder symptoms of COVID-19 noted during 
pregnancy. 

Vertical transmission was not considered in the present 
study. A previous review reported that vertical transmission 
of SARS-CoV-2 was rare and not detected in nasopharyngeal 
swabs of neonates, cord blood, or amniotic fluid [80]. Other 
studies have also reported very little evidence to support the 
vertical transmission of COVID-19 [81,83]. 

Although a few studies have investigated breastfeeding 
with COVID-19 infection, previous studies have reported 
conflicting results. Some researchers do not recommend 
breastfeeding when a nursing mother is infected, whereas 
others suggest that breastfeeding while wearing a mask 
should be practiced. Additionally, the virus is not believed to 
be transmitted through breast milk. However, further studies 
to confirm this hypothesis are warranted [80,93-96]. 

This review has several strengths. As the studies included in 
this review were extracted from multiple countries, our find-
ings can be generalized globally and interpreted regardless of 
race or country. The present systematic review compared the 
pregnancy outcomes of COVID-19-infected and non-infected 
pregnant women and did not investigate the general popula-
tion. The selection bias was low owing to the high threshold 
of the inclusion criteria. This review also included a larger 
number of studies than previous reports. This review demon-
strated that COVID-19 has a worse effect on outcomes, such 
as preterm birth, cesarean section, and placental abruption, 
compared with the outcomes reported in previous studies. 

This study also has several limitations. First, the disease 
remains prevalent globally, causing additional alterations in 

public health restrictions. However, prospective randomized 
studies on viral infections are not applicable to pregnant 
women. Therefore, we included only retrospective, nonran-
domized studies in this review. Second, the studies included 
in this report were conducted in multiple countries, and their 
baseline characteristics were highly heterogeneous includ-
ing the types of COVID-19 variants. Third, we were unable 
to access the raw data analyzed in these studies. Fourth, this 
study did not analyze infections according to pregnancy tri-
mesters. The pregnancy trimester at the infection time could 
be a significant factor in adverse pregnancy outcomes, as 
respiratory infections in early pregnancy can critically impact 
organogenesis. Fifth, this review did not assess indications 
for the delivery route. 

As the global spread of COVID-19 continues, it is impera-
tive to determine further its impact on pregnancy outcomes 
to prepare for future outbreaks. Pregnant women are partic-
ularly susceptible to respiratory infections, which can lead to 
high pregnancy morbidity and mortality rates. The findings 
of this review and meta-analysis provide sufficient informa-
tion to enable evidence-based counseling and help clinicians 
manage pregnant women with COVID-19.
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