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Abstract 

Background SARS‑CoV‑2 exposure during pregnancy is related to adverse effects for both the mother and the 
infant. SARS‑CoV‑2 vaccination has lowered the risk of symptomatic disease substantially. Recently published studies 
have evaluated the outcomes of women who received the COVID‑19 vaccine during pregnancy; systematic evidence 
regarding vaccination safety is crucial to ensure that COVID‑19 vaccination is not associated with adverse pregnancy 
and neonatal outcomes.

Methods Pubmed/MEDLINE, EMBASE, Scopus, Web of Science, and Clinicaltrials.gov were searched from each data‑
base’s inception through April 7, 2022. All interventional and observational studies comparing neonatal or pregnancy 
outcomes between pregnant women who received COVID‑19 vaccines during their pregnancy and unvaccinated 
pregnant women were included. The random‑effects model was used in the meta‑analyses.

Results A total of 11 studies comprising 756,098 pregnant mothers were included. The rate of neonates with 5‑min 
Apgar score ≤ 7 (log RR ‑0.08 (95% CI: ‑0.15 to ‑0.00), (P = 0.03)) and pregnant mothers with preterm birth (log RR 
‑0.11 (95% CI: ‑0.21 to ‑0.01), (P = 0.02)) was significantly lower among vaccinated group. No significant difference was 
observed in adverse neonatal outcomes (log RR ‑0.07 (95% CI: ‑0.17 to 0.03)), small for gestational age (log RR ‑0.06 
(95% CI: ‑0.14 to 0.02)), caesarean delivery (log RR 0.05 (95% CI: ‑0.05 to 0.15)), postpartum hemorrhage (log RR ‑0.05 
(95% CI: ‑0.13 to 0.02)), stillbirth (log RR ‑0.05 (95% CI: ‑0.54 to 0.45)).

Conclusions and relevance In this systematic review and meta‑analysis, no evident differences were observed 
when comparing vaccinated pregnant mothers with those who had not received COVID‑19 vaccines. Based on low 
certainty of evidence, vaccination during pregnancy was accompanied by a favorable Apgar score in neonates and 
fewer preterm births.

Keywords COVID‑19, Vaccination, Pregnancy

*Correspondence:
Sayed‑Hamidreza Mozhgani
hamidrezamozhgani@gmail.com
1 School of Medicine, Alborz University of Medical Sciences, Karaj, Iran
2 Student Research Committee, Alborz University of Medical Sciences, 
Karaj, Iran
3 School of Medicine, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran
4 Vali‑E‑Asr Reproductive Health Research Center, Family Health Research 
Institute, Tehran University of Medical Sciences, Tehran, Iran
5 Department of Microbiology, School of Medicine, Alborz University 
of Medical Sciences, Karaj, Iran

6 Non‑Communicable Disease Research Center, Alborz University 
of Medical Sciences, Karaj, Iran

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-023-05374-2&domain=pdf
http://orcid.org/0000-0003-4570-2252


Page 2 of 15Shafiee et al. BMC Pregnancy and Childbirth           (2023) 23:45 

Background
The world has been struggling with the Coronavirus 
disease 2019 (COVID-19) pandemic for two and a half 
years.  As of September 21, 2022, there have been more 
than 610 million cases confirmed, and more than 6.5 mil-
lion people have lost their lives due to this pandemic [1]. 
There have been concerns about how COVID-19 could 
affect pregnant mothers and their neonates. Studies 
revealed that COVID-19 in pregnant women is accom-
panied by more severe manifestations compared with 
non-pregnants [2, 3]. It was also suggested that preg-
nant women with COVID-19 are at higher risk for pre-
term birth, preeclampsia, eclampsia, stillbirth, neonatal 
morbidity, and mortality than pregnant women without 
COVID-19 [4, 5].

Till now, vaccines are the most reliable option for 
controlling the severity of this disease [6]. The World 
Health Organization (WHO) has approved the emer-
gency use of several vaccines, including AstraZeneca/
Oxford, Johnson and Johnson, Moderna, Pfizer/BioN-
Tech, Sinopharm, Sinovac, COVAXIN, and Nuvaxoid [7]. 
Most severe COVID-19 cases in pregnant women were 
reported from unvaccinated patients [8]. The American 
College of Obstetricians and Gynecologists (ACOG) rec-
ommends the vaccination of pregnant women with one 
of the mRNA vaccines in the U.S. and states that these 
vaccines are preferred to the J&J vaccine, whereas WHO 
recommends vaccination of pregnant women with the 
Sinopharm vaccine when the benefits outweigh the pos-
sible risks [9, 10].

Little data is available regarding the safety of these vac-
cines during pregnancy in the concept of randomized 
controlled trials [11, 12].  Although some studies have 
proven the safety and efficacy of vaccines in pregnant 
women [13–15], there is still a lack of data, and vac-
cine hesitancy is present among pregnant women  [16]. 
Evidence from systematic reviews and meta-analyses 
is desperately needed on this topic, and one of the fac-
tors affecting the acceptance of vaccination is the cer-
tainty of systems to assess vaccine safety [16]; therefore, 
in this study, we aimed to evaluate the current evidence 
regarding the safety of vaccination and its possible effect 
on pregnancy and neonatal outcomes among vaccinated 
pregnant women compared with unvaccinated pregnant 
women.

Methods
Search strategy
A systematic review and meta-analysis comparing the 
possible effect of COVID-19 vaccination on neona-
tal and pregnancy outcomes was conducted in accord-
ance with Cochrane collaboration procedures [17]. 
The Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) was used in this study 
[18].  The protocol of this study is registered at PROS-
PERO under the number CRD42022323965.

Pubmed/MEDLINE, EMBASE, Scopus, Web of Sci-
ence, and Clinicaltrials.gov were searched by our review-
ers (A.S and O.K and H.R). The following terms with their 
combinations were searched: SARS-CoV-2, COVID-19, 
Vaccines, and Pregnanant (Full search strategy is pro-
vided in the Supplementary Table  1). All publications 
published up to April 7, 2022 were retrieved. Addition-
ally, in order to find relevant studies, we hand-searched 
the reference part of the relevant studies.

Study selection and data extraction
Studies were included based on the following PICOT cri-
teria: 1) Population: adult pregnant women; 2) Exposure: 
received at least one dose of COVID-19 vaccines (in any 
types) during their pregnancy; 3) Comparator: unvacci-
nated pregnant women; 4) Outcome: studies evaluating 
relative outcomes in both vaccinated and unvaccinated 
group; and 5) Type of study: all types of original articles 
were applicabale. We included studies published in Eng-
lish language with accessible full text. Additionally, stud-
ies that reported the outcome only in vaccinated group 
were excluded. The titles and abstracts of the studies were 
reviewed by three independent reviewers  (A.S and O.K 
and H.R), followed by full text review. An Excel spread-
sheet was designed to include the Data extracted from 
text, tables, figures, graphs, and supplementary materials. 
Two reviewers (O.K and H.R) independently extracted 
the following data: author, year of publication, Journal/
full paper or abstract, country, population, study type,, 
number of included patients in the study, type of vaccine, 
as well as relevant outcome data. To reach an agreement, 
discepancies were resolved through discussion with a 
third reviewer (M.T).

Quality assessment
Two reviewers (O.K and H.R) independently assessed 
the included studies using the National Heart, Lung, and 
Blood Institute (NHLBI) risk of bias checklist [19]. con-
sidering the 14 questions designed to assess the quality of 
observational cohort and cross-sectional studies,studies 
with 10 or more yeses are rated as “Good”, 7–9 yeses as 
“Fair”, and fewer than 7 yeses are rated as “Poor” [20]. 
We used the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) framework and 
GRADEpro GDT to evaluate the certainty of evidence for 
our outcomes [21].

Outcomes
Neonatal outcomes evaluated in this meta-analysis 
were: 1) adverse neonatal outcomes (ANO), which was 
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defined as neonatal respiratory complications and Neo-
natal intensive care unit (NICU) admission; 2) 5-min 
Apgar score ≤ 7, which was defined as the assessment of 
5 domains (skin color, heart rate, reflexes, muscle tone, 
and respiration) in neonates immediately after birth; 
and 3) small for gestational age (SGA). Pregnancy out-
comes were as follow: 4) rate of caesarean delivery; 5) 
rate of post-partum haemorrhage (PPH); 6) preterm birth 
defined as gestational age < 37  weeks at delivery; and 7) 
stillbirth.

Data synthesis and analysis
Since the indicators differed among studies, pooling 
of our data was carried out using the Restricted-maxi-
mum-likelihood random-effects model. A log risk ratio 
(log RR) was calculated to sum up the overall effects of 
outcomes.  Furthermore, to present the results in forest 
plots, the log RR was back-transformed  to RR for  ease 
of interpretation. A p-value of < 0.05 was considered as 
the threshold for significance of the effect estimate. We 
assessed the heterogeneity of the studies using Cochrane 
Q-test for heterogeneity (cut off point set as < 0.1 show-
ing significant heterogenity) and  I2 statistic. Stud-
ies were classified into three groups of low, moderate, 
and high level of heterogeneity based on the respective 
value of  I2 < 50%, 50% to 75%, and > 75%. As the most 

commonly used variable for measurement of heterogene-
ity, the  I2 value is in direct relationship with the number 
of included trials, making the comparison of  I2 values 
between analyses challenging. Therefore, both  I2 and Tau 
values for each analysis were reported in our study. Pub-
lication bias was appraised using funnel plots inspection 
and Egger’s regression test for funnel plot asymmetry for 
outcomes. At least ten studies must be included based on 
the Cochrane handbook’s suggestions in order to assess 
publication bias [9]. To evaluate the effect of individual 
studies on the pooled results, we performed a leave-
one-out sensitivity analysis. The analysis was carried out 
using R (version 4.1.3) (R Core Team, 2020), the metafor 
package (version 3.0.2) (Viechtbauer, 2010), and the meta 
package.

Results
Based on our initial search, we identified 636 studies, 
removed 172 duplicates, and after the titles and abstracts 
screening, we reviewed full-texts of 62 articles, and even-
tually included 11 studies. (Fig. 1).

Characteristics of the included studies
Three studies were conducted in European countries, 
including Sweden & Norway (n = 1), England (n = 1), 
and Romania (n = 1); two of the studies were conducted 

Fig. 1 Study Flowchart
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in America, including the United States (n = 1) and Can-
ada (n = 1).  There were six studies conducted in Asia, 
which were all from Israel. mRNA vaccines (including 
BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Mod-
erna)) were the most common vaccines for which the 
results regarding their effects have been provided among 
the included studies. Detailed characteristics of each 
study are provided in Table 1.

Adverse neonatal outcomes (ANO)
A total of ten studies [4, 6, 22–27, 29, 30], including 
289,414 pregnant women, reported the rate of NICU 
admission/newborn respiratory complications among 
neonates of vaccinated and unvaccinated pregnant moth-
ers (Fig. 2-A). Log RR was -0.07 (95% CI: -0.17 to 0.03) 
indicating moderate amount of heterogeneity (I2 = 67.7%, 
Tau = 0.01, p < 0.01). Comparison of adverse neonatal 
outcomes showed no significant difference between the 
vaccinated and unvaccinated groups.

Small for gestational age (SGA)
A total of eight studies [4, 22–24, 26, 28–30], including a total 
of 196,739 pregnant women, evaluated SGA among neo-
nates of vaccinated and unvaccinated pregnant mothers and 
their neonates (Fig.  2-B). Log RR was -0.06 (95% CI: -0.14 
to 0.02) indicating low amount of heterogeneity (I2 = 30.9%, 
Tau = 0.00, p = 0.20). There was no significant difference in 
SGA between the vaccinated and unvaccinated groups.

5‑min Apgar score ≤ 7
A total of seven studies [22–24, 27–30], including 
269,806 pregnant women, evaluated the Apgar score 
among neonates of vaccinated and unvaccinated groups 
(Fig. 2-C). Log RR was -0.08 (95% CI: -0.15 to -0.00) indi-
cating low amount of heterogeneity (I2 = 0.0%, Tau = 0.00, 
p = 0.64). The rate of neonates with 5-min Apgar score ≤ 7 
was significantly lower in the vaccinated group A signifi-
cantly lower rate of neonates with 5-min Apgar score ≤ 7 
was observed in the vaccinated group(p = 0.037).

Caesarean delivery
A total of seven studies [22–24, 27–30], including 
112,618 pregnant women, compared the rate of caesarean 
delivery between vaccinated and unvaccinated groups 
(Fig. 3-A). Log RR was 0.05 (95% CI: -0.05 to -0.15) indi-
cating moderate amount of heterogeneity (I2 = 61.9%, 
Tau = 0.01, p = 0.04). No significant difference between 
groups was observed.

Postpartum hemorrhage (PPH)
A total of seven studies [22–24, 27–30], including 
112,618 pregnant women, evaluated the rate of PPH 

(Fig.  3-B). Log RR was -0.05 (95% CI: -0.13 to 0.02) 
indicating low amount of heterogeneity (I2 = 0.0%, 
Tau = 0.00, p = 0.50). There was no significant difference 
between groups.

Preterm birth
A total of seven studies [6, 23–26, 28, 29], including 
34,782 pregnant women, reported the rate of preterm 
neonates in vaccinated and unvaccinated groups (Fig. 3-
C). Log RR was -0.11 (95% CI: -0.21 to -0.01) indicat-
ing low amount of heterogeneity  (I2 = 0.0%, Tau = 0.00, 
p = 0.90).  The reate of preterm birth was significantly 
lower in vaccinated group (p = 0.0282).

Stillbirth
A total of four studies [23, 24, 28, 30], including 9927 
pregnant women, reported the rate of stillbirth vacci-
nated and unvaccinated groups (Fig.  3-D). Log RR was 
-0.05 (95% CI: -0.54 to 0.45) indicating low amount of 
heterogeneity  (I2 = 0.0%, Tau = 0.00, p = 0.89). Our analy-
sis showed no significant difference between groups.

Sensitivity analysis and publication bias
Based on a leave-one out method, we evaluate the effect 
of removing individual study on the pooled results. We 
evaluated the effect of individual studies on the pooled 
results by employing a leave-one out method. The results 
of the sensitivity analysis for ANO, caesarean delivery, 
PPH, and preterm birth showed the pooled effect size was 
remained non-significant. The pooled results for three 
outcomes differed after omitting an individual study: 1) 
When excluding Rottenstreich et al. the risk of SGA for 
vaccinated group was significantly lower compring the 
unvaccinated (p = 0.01); 2) no significant difference was 
shown between the two groups after excluding Magnus 
et  al. (p = 0.07) and Fell (p = 0.26) et  al., respectively, in 
terms of the risk of 5-min Apgar < 7; and 3.Exclusion of 
Goldshtein (p = 0.48) and Dick (p = 0.51) et  al.did not 
cause any significant difference between the two groups 
in terms of the risk of preterm birth (Table 2).

Regarding publication bias, there was only one out-
come with at least ten studies to evaluate ANO. A fun-
nel plot of the ANO estimates is shown in Supplementary 
Fig. 1. The regression test demonstrated no sign of funnel 
plot asymmetry (p = 0.8377).

Quality assessment and certainty of evidence
According to NHLBI checklist, most of the included stud-
ies were juded to be of Good/Fair quality. The majority 
of included studies did not provide details regarding the 
blinding of outcome assessors to the participants’ expo-
sure status or assessing the exposure in more than one 
study (Further details are available in the Supplementary 
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Table  2). Moreover, the certainty of evidence for study 
outcomes are available in Table 3.

Discussion
It is well-known from the experience of influenza 
and pertussis that prevention of infections through 
vaccination is effective in decreasing both maternal 
and prenatal undesirable outcomes [31]. The current 

systematic review and meta-analysis was conducted 
with the aim of evaluating the effect of COVID-19 
vaccination during pregnancy on neonatal and preg-
nancy outcomes. Our review included 11 obser-
vational studies with 756,098 participants. Several 
outcomes were assessed, including postpartum hem-
orrhage, preterm birth, stillbirth, caesarean delivery, 
and a low 5-min Apgar score (< 7). No significant 

Fig. 2 Forest plots showing the results of meta‑analyses for neonatal outcomes. A Adverse neonatal outcome, B Small for gestational age, C 5‑min 
Apgar score ≤ 7
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differences were found regarding adverse neonatal 
outcomes, small for gestational age, caesarean deliv-
ery, postpartum hemorrhage, and stillbirth. How-
ever, our analyses showed that COVID-19 vaccination 

during pregnancy significantly decreases the inci-
dence of preterm birth and low 5-min Apgar score [7] 
compared to the unvaccinated group with low cer-
tainty of evidence. Further research, including studies 

Fig. 3 Forest plots showing the results of meta‑analyses for pregnancy outcomes. A Caesarean delivery, B Postpartum hemorrhage, C Preterm 
birth, D Stillbirth
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with larger sample sizes from different countries and 
sociodemographic diversity, are required to confirm 
our findings.

Current evidence shows that SARS-Cov-2 infec-
tion during pregnancy is associated with a higher risk 
of developing COVID-19 complications. The risk of 

Table 2 Results of the sensitivity analyses

Author Estimate SE p‑val Sig

Adverse neonatal outcome
 1 Wainstock, T ‑0.067 0.051 0.190 ns

 2 Theiler, R. N ‑0.070 0.049 0.160 ns

 3 Mayo ‑0.066 0.050 0.185 ns

 4 Beharier, O ‑0.071 0.049 0.149 ns

 5 Rottenstreich, M ‑0.067 0.052 0.194 ns

 6 Magnus ‑0.099 0.060 0.102 ns

 7 Goldshtein, Inbal ‑0.088 0.061 0.147 ns

 8 Fell, D. B ‑0.008 0.020 0.672 ns

 9 Citu, I. M ‑0.069 0.050 0.169 ns

 10 Blakeway, H ‑0.070 0.050 0.159 ns

small for gestational age
 1 Wainstock, T ‑0.050 0.045 0.271 ns

 2 Theiler, R. N ‑0.066 0.041 0.110 ns

 3 Rottenstreich, M ‑0.085 0.034 0.012 *

 4 Magnus ‑0.020 0.043 0.635 ns

 5 Goldshtein, Inbal ‑0.081 0.049 0.101 ns

 6 Dick ‑0.043 0.053 0.423 ns

 7 Citu, I. M ‑0.058 0.043 0.178 ns

 8 Blakeway, H ‑0.062 0.043 0.150 ns

5‑min Apgar < 7
 1 Wainstock, T ‑0.074 0.037 0.047 *

 2 Theiler, R. N ‑0.078 0.037 0.037 *

 3 Rottenstreich, M ‑0.081 0.037 0.031 *

 4 Magnus ‑0.095 0.052 0.070 ns

 5 Fell, D. B ‑0.056 0.050 0.258 ns

 6 Dick ‑0.078 0.038 0.038 *

 7 Citu, I. M ‑0.078 0.037 0.037 *

Caesarean delivery
 1 Wainstock, T 0.033 0.056 0.562 ns

 2 Theiler, R. N 0.055 0.060 0.362 ns

 3 Rottenstreich, M 0.006 0.011 0.604 ns

 4 Fell, D. B 0.072 0.069 0.295 ns

 5 Dick 0.075 0.062 0.231 ns

 6 Citu, I. M 0.060 0.053 0.256 ns

 7 Blakeway, H 0.068 0.055 0.218 ns

Postpartum hemorrhage
 1 Wainstock, T ‑0.058 0.038 0.130 ns

 2 Theiler, R. N ‑0.056 0.038 0.142 ns

 3 Rottenstreich, M ‑0.040 0.039 0.311 ns

 4 Fell, D. B ‑0.057 0.103 0.582 ns

 5 Dick ‑0.065 0.040 0.099 ns

 6 Citu, I. M ‑0.056 0.038 0.144 ns

 7 Blakeway, H ‑0.052 0.040 0.192 ns

Preterm birth
 1 Theiler, R. N ‑0.119 0.052 0.022 *

 2 Rottenstreich, M ‑0.118 0.052 0.024 *

 3 Mayo ‑0.113 0.052 0.028 *

 4 Beharier, O ‑0.110 0.051 0.033 *

Asterisks indicate studies that have a significant effect on the pooled estimate 
after omission

SE Standard error

Table 2 (continued)

Author Estimate SE p‑val Sig

 5 Goldshtein, Inbal ‑0.061 0.087 0.482 ns

 6 Dick ‑0.113 0.058 0.051 ns

 7 Citu, I. M ‑0.120 0.052 0.021 *

Stillbirth
 1 Theiler, R. N ‑0.047 0.254 0.853 ns

 2 Rottenstreich, M ‑0.129 0.273 0.637 ns

 3 Dick 0.302 0.546 0.580 ns

 4 Blakeway, H ‑0.046 0.254 0.855 ns

Table 3 Assessment of the quality of evidence based on GRADE 
approach

GRADE Working Group grades of evidence. High certainty: We are very confident 
that the true effect lies close to that of the estimate of the effect. Moderate 
certainty: We are moderately confident in the effect estimate: The true effect is 
likely to be close to the estimate of the effect, but there is a possibility that it is 
substantially different. Low certainty: Our confidence in the effect estimate is 
limited: The true effect may be substantially different from the estimate of the 
effect. Very low certainty: We have very little confidence in the effect estimate: 
The true effect is likely to be substantially different from the estimate of effect
a  Imprecision
b  Inconsistency between the pooled result and the result of most of the 
included studies
c  Small sample size

Patient or population: Outcomes of pregnant women received 
COVID‑19 vaccine compared with unvaccinated group

Outcomes No of participants
(studies)

Certainty of 
the evidence
(GRADE)

Adverse neonatal outcome 289,414
(10 observational studies)

⨁⨁⨁◯
Moderate

Small for gestational age 196,739
(8 observational studies)

⨁⨁⨁◯
Moderate

5‑min Apgar < 7 269,806
(7 observational studies)

⨁◯◯◯
Very  lowa,b

Cesarean delivery 112,618
(7 observational studies)

⨁⨁⨁◯
Moderate

Post‑partum hemorrhage 112,618
(7 observational studies)

⨁⨁⨁◯
Moderate

Preterm birth 34,782
(7 observational studies)

⨁⨁◯◯
Low b

Stillbirth 9927
(4 observational studies)

⨁⨁◯◯
Lowc
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maternal hospitalization, ICU admission, need for 
mechanical ventilation, and even death is higher among 
pregnant patients compared to their non-pregnant coun-
terparts.  Furthermore, they showed significantly higher 
rates of adverse pregnancy outcomes such as preterm 
birth and stillbirth [5, 32]. Therefore, it is crucial for this 
group to get vaccinated to prevent possible complications 
caused by the disease affecting both the mother and the 
fetus. Early vaccine trials only included non-pregnant 
women. On the other hand, due to physical alterations 
of the human body during pregnancy, special attention 
should be given to the safety measures of the vaccines 
for pregnant women. As pregnant women are more cau-
tious about receiving a new vaccine, they are reluctant to 
receive vaccines. Therefore, they should be provided with 
adequate information available regarding this issue to 
enable them to make informed decisions regarding vac-
cination [33].

There are studies suggesting that maternal vaccina-
tion with the proper transfer of neutralizing antibodies 
through the placenta could potentially induce offspring 
immunity. This is particularly beneficial since neonates 
and infants are more susceptible to severe illness caused 
by COVID-19 compared to their older pediatric counter-
parts, especially, when there is no current approved vac-
cine used in children younger than two years old [34, 35]. 
Beharier et al. showed that antenatal BNT162b2 mRNA 
vaccination induces a robust maternal immune response 
that is followed by an effective transfer of protective 
antibodies and a rise in their amount in the fetal circula-
tion, emphasizing the importance of vaccination against 
COVID-19 during pregnancy [6].

Studies included in our review reported that there is 
no significant association between SARS-CoV-2 vaccina-
tion during pregnancy and an increased risk of adverse 
pregnancy outcomes. Rottenstreich et  al. stated that 
based on their adjusted multivariable logistic regression 
analysis, the rate of composite adverse neonatal out-
comes was lower among the vaccinated group. However, 
none of the individual neonatal outcomes were different 
between the two groups [36]. Magnus et al. showed that 
the risk of neonatal care admission and low Apgar scores 
was modestly decreased following vaccination during the 
third trimester [4]. In Dick et al.’s study, an increased rate 
of preterm birth was observed among pregnant women 
vaccinated during the second trimester in comparison 
with unvaccinated pregnant women [28]. Additionally, 
Goldshtein et al. observed that the rate of congenital mal-
formation in the vaccinated group was not higher than 
the unvaccinated group and was similar to prepandemic 
reports [26].

There are some sociodemographic factors that contrib-
ute to a disparity between populations in terms of vacci-
nation rates. Studies reported that older age, higher level 
of maternal education, higher socioeconomic position, 
conceiving following fertility treatment, having sufficient 
prenatal care, and lower gravidity are associated with 
increased rates of vaccination [22, 23].

The current findings should give people and clini-
cians confidence that vaccination against COVID-19 
protects individuals from maternal SARS-CoV-2 infec-
tion and is not associated with adverse pregnancy and 
neonatal outcomes. Efforts should be made to improve 
awareness of vaccine safety among pregnant women 
and health providers and to address the issue of vaccine 
hesitancy. There are some strengths in our study. As far 
as we are aware, the current study is the most compre-
hensive systematic review and meta-analysis conducted 
to evaluate the association of COVID-19 vaccination 
with pregnancy outcomes. Ma et al. conducted a system-
atic review and meta-analysis on this subject, including 
six observational studies [37]. De Rose et al.’s systematic 
review summarized the current knowledge about preg-
nancy outcomes related to vaccination during pregnancy 
and breastfeeding [38]. The findings of these studies are 
in line with ours. However, our review is more compre-
hensive when considering both the number of included 
studies and whether a meta-analysis was performed. We 
performed a thorough database search to obtain the most 
comprehensive set of underlying studies and achieve 
accurate results. For three of the outcomes, we included 
seven studies in the meta-analysis, with the rest includ-
ing six and four studies. Most of the included studies had 
adjusted for confounding variables.Our study has limi-
tations. Since the majority of the analyzed studies were 
cohorts, they might be potentially biased due to their ret-
rospective design. Most of our data were extracted from 
observational studies of high-income countries, limit-
ing us regarding the diversity of participants in terms of 
sociodemographic characteristics. Furthermore, vaccines 
used in the studies were primarily mRNA vaccines, and 
little data was available regarding other types of vaccines 
approved by the WHO and used worldwide, such as Sin-
opharm, Sinovac, COVAXIN, and Nuvaxoid.  Therefore, 
further research is required to determine the safety of 
administering these vaccines during pregnancy.  Most 
vaccines were administered in the second or third tri-
mester of pregnancy. Even though few studies have 
examined the safety of vaccines during the first trimes-
ter, the authors call for more data on the precise time of 
vaccine administration and its safety to inform maternal, 
pregnancy, and infant outcomes.



Page 14 of 15Shafiee et al. BMC Pregnancy and Childbirth           (2023) 23:45 

Conclusion
Our analyses show that vaccination against SARS-CoV-2 
during pregnancy is not associated with a higher risk 
of adverse pregnancy and neonatal outcomes. Further 
research, including studies with larger sample sizes, 
more diverse populations, different types of vaccines, 
and variable timings for the administration of vaccines, is 
required to reach a solid conclusion regarding this issue.
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