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a b s t r a c t

Being a new vaccine platform, continuous monitoring of the mRNA COVID-19 vaccines in pregnant 
women is of critical importance. This systematic review and meta-analysis evaluate the maternal and 
neonatal outcomes associated with mRNA COVID-19 vaccination during pregnancy. We conducted a 
systematic search of PubMed, Embase, Cochrane Library, and clinical trial registries for studies pub-
lished between December 2020 and July 2024. Studies were included if they assessed obstetric and 
neonatal outcomes following mRNA COVID-19 vaccination in pregnant women. Data were extracted and 
analyzed using a random-effects model to calculate pooled odds ratios (ORs) and 95 % confidence in-
tervals (CIs). Fifteen studies met the inclusion criteria, encompassing 42,944 vaccinated and 183,733 
unvaccinated pregnant women. mRNA vaccination was associated with a significant reduction in pre-
term delivery (OR 0.743, 95 % CI 0.607–0.911), fetal distress (OR 0.699, 95 % CI 0.546–0.893), neonatal 
congenital abnormalities (OR 0.712, 95 % CI 0.570–0.889), and NICU admissions (OR 0.718, 95 % CI 
0.617–0.836). However, a slight increase in gestational diabetes risk was observed (OR 1.107, 95 % CI 
1.054–1.162). mRNA COVID-19 vaccines are safe during pregnancy and associated with reduced risks of 
adverse obstetric and neonatal outcomes. An observed marginal increase in gestational diabetes risk 
underscores the need for continuous monitoring. These findings support the inclusion of pregnant 
women in vaccination campaigns and inform public health policies and clinical practices to improve 
maternal and neonatal health outcomes.
© 2025 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/ 

4.0/).

Introduction

The impact of mRNA COVID-19 vaccines on obstetric and 
neonatal outcomes is complex, necessitating ongoing surveillance 
to maintain public trust in vaccination during pregnancy. Under-
standing these effects is crucial for informed clinical decisions and 
public health policies. Evidence supports the safety and efficacy of 
COVID-19 vaccines in pregnant women, with positive maternal

and neonatal outcomes reported. However, isolating the effects of 
mRNA vaccines is challenging due to comparisons with other 
vaccine types and a lack of comprehensive analyses. This study 
addresses these gaps by providing robust evidence on the safety 
and efficacy of mRNA COVID-19 vaccines in pregnancy. It exclu-
sively analyzes high-quality studies comparing outcomes in 
mRNA-vaccinated pregnant women with unvaccinated controls, 
offering clear estimations of vaccine-attributed effects. Active and 
long-term surveillance is essential for continued trust and future 
mRNA vaccine development. Although growing evidence exists on 
the safety of these vaccines, there remains a critical need for 
continually updated data to promote vaccine trust and dispel 
misinformation [1–3].
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Pregnant women and children are typically excluded from 

routine vaccine clinical trials, making post-market vaccine sur-
veillance a vital tool for assessing post-exposure outcomes and 
promoting vaccine trust and safety among this group. Preliminary 
short-term investigations of the BNT162b2 and mRNA-1273 vac-
cines have been inconclusive, with marginal and non-significant 
rates of obstetric effects reported on pregnancy and neonatal 
outcomes. [1,4–7]. This systematic review was conducted 
following the guides of the Cochrane Collaboration Handbook and 
PRISMA Statement (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) [8] and using the Joanna Briggs Institute 
(JBI) methodology for systematic reviews to appraise the selected 
studies. This study aims to update the available evidence on 
maternal vaccination against COVID-19 and its impact on obstetric 
and neonatal outcomes.

Objectives

The primary objectives of this study are:
1. To evaluate the impact of in-utero mRNA COVID-19 vaccine 
exposure on obstetric outcomes.

2. To assess the neonatal outcomes following maternal mRNA 
COVID-19 vaccination during pregnancy.

Ethical considerations
The study did not require any ethical clearance application 

since no patient-related data or personal information were 
collected. Only peer-reviewed published high-quality data were 
extracted and used.

Methodology

This systematic review and meta-analysis followed the PRISMA 
2020 guidelines (http://www.prisma-statement.org/) comprising 
of 3 main stages: identification, screening, and inclusion, Fig. 2. [8]. 
The comprehensive search was conducted across multiple elec-
tronic databases, including PubMed, Web of Science, and Scopus. 
MeSH terms were generated using the PICO framework, focusing 
on pregnant women, mRNA COVID-19 vaccines, and adverse 
health events (Fig. 1).

Eligibility criteria

Inclusions (PICO):

• Population (P); pregnant women vaccinated
• Intervention (I); mRNA COVID-19 vaccines
• Comparison group (C); unvaccinated pregnant women
• Outcome (O); general obstetric and neonatal health outcomes
• Published peer-reviewed, English-language studies between 
November 2019 and December 2023.

Exclusions:

• Studies not on mRNA COVID-19 vaccination during pregnancy.
• Efficacy or mechanistic studies.
• Publications in languages other than English.
• Predictive studies not conducted on humans.
• Studies without negative control groups.

Fig. 1. PRISMA 2020 flowchart for identification and inclusion of articles in the systematic review and meta-analysis.

F. Adusei-Mensah, O. Olubamwo, S. Olaleye et al. Taiwanese Journal of Obstetrics & Gynecology 64 (2025) 957–970

958

http://www.prisma-statement.org/


Search strategy

A systematic search was performed using MeSH terms and 
Boolean combinations across databases including PubMed, Web of 
Science, and Scopus. The search strategy was adjusted for other 
databases as necessary detailed in supplementary file 1.

Search outcome and article selection

From the initial 3907 publications identified, duplicates were 
removed using RefWorks and manual checks. The remaining ar-
ticles were screened for relevance, and 261 articles were selected 
for full-text review. After quality assessment using the JBI critical 
appraisal tool, 12 studies were included in the quantitative meta-
analysis (Fig. 1). Screening process is detailed in supplementary 
file 2.

To pass the quality assessment, a quality score was agreed not 
to be less than 75 % using the appropriate study design tool. The JBI 
assessment was done by two researchers (FAM and OO). Grading 
conflicts were resolved through further mutual discussions with 
emphasis on the analytical methods used by the studies. Addi-
tional updated search done yielded 3 studies (Fig. 2). The overall 
number of the included studies are n = 15. In the current study, the 
Comprehensive Meta-Analysis (CMA) version 3 package was used 
of the meta-analysis. The main features of the selected studies are 
presented in Fig. 2 and Table 1.

Studies like ‘myocarditis after BNT162b2 vaccination in Israeli 
adolescents’ by Witberg et al. [9], vulvar aphthous ulcer in an 
adolescent after Pfizer-BioNTech (BNT162b2) COVID-19

vaccination by Wojcicki et al. [10] etc were rejected due to target 
group inconsistencies to the present study.

Data extraction and quality assessment

Data extraction was performed independently by two re-
viewers using a standardized data extraction form. Any discrep-
ancies were resolved through discussion or consultation with a 
third reviewer. The quality of the included studies was assessed 
using the JBI critical appraisal tool, ensuring a rigorous evaluation 
of each study's methodology, data analysis, and results reporting.

Statistical analysis and synthesis

Statistical analyses were conducted using the Comprehensive 
Meta-Analysis (CMA) software. Odds ratios (ORs) with 95 % con-
fidence intervals (CIs) were calculated for each outcome of inter-
est. Heterogeneity among studies was assessed using the I 2 

statistic, and a random-effects model was applied to account for 
variability between studies.

Results

Characteristics of selected studies

The selected studies were conducted across various continents, 
with the majority being cohort studies. Most identified were 
conducted in the Middle East/Asia (6) followed by North America 
(5), lastly Europe (1) and Africa (1). Most studies were cohort 
studies (14) and a case–control study (1). Other characteristics are

Fig. 2. Word clouds depict the most frequent terms in the selected studies' keywords. Larger fonts indicate higher frequency. "SARS-CoV-2″ and "COVID-19 vaccinations" were 
most common, followed by "COVID-19 mRNA," "vaccine safety" (notably Pfizer-BioNTech), and "obstetric outcomes."
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Table
 
1

Study
 
characteristics.

Study
 

Country
 

Design
 

Period
 

Vaccine
 
type

 
Sample

 
Size

 
Target population Objective

[11] Israel Retrospective
 

Cohort study
Jan
 

–June2021
 

Pfizer
BNT162b2

 
mRNA

4339
 

Postpartum
 

women
 

(Delivered
 
between

 
Jan
 

and
 
June

 
2021

To
 
study

 
the
 
association

 
between

 
prenatal Pfizer-

BioNTech
 
COVID-19

 
vaccination, pregnancy course and 

outcomes.
[12] Israel Retrospective

Cohort Study (Medical 
Centre)

Feb2021–July2021
 

Pfizer
/BioNTech

 
BNT162b2

 
mRNA

1894 Pregnant women To
 
compare

 
adverse

 
perinatal outcomes among

 
(COVID-19–vaccinated

 
and

 
unvaccinated

 
pregnant 

women
[13] Israel Population

 
based

 
Cohort
Study

Mar2021–Oct2021 Pfizer-BioNTech
 
(BN162b2) 24,288 Pregnant women To

 
examine

 
whether BNT162b2 mRNA

 
vaccination

 
during

 
pregnancy

 
is associated with

 
adverse

 
neonatal 

and
 
early

 
infant outcomes among

 
the
 
newborns

[14] Israel Retrospective
Cohort study

Mar–July2022
 

Pfizer-BioNTech
 

BN162b2
 
mRNA

 
vaccine

3700 Pregnant women To
 
compare

 
obstetric and neonatal outcomes between 

vaccinated
 
and

 
non-vaccinated

 
pregnant women

 
with

 
singleton

 
pregnancies

[15] Romania
 

Retrospective
 

Cohort study
Jan2020–

 
Jan2021 Pfizer

BNT162b2
 
mRNA

Moderna
 
mRNA-1273

 

3094
 

Pregnancies (927)
Spontaneous abortions
(124)

To
 
determine

 
whether pregnant women

 
vaccinated

 
with

 
an
 
mRNA-type

 
vaccine

 
during

 
the
 
first trimester 

have
 
higher risks of spontaneous abortion.

[16] Australia
 

Retrospective
 

multicenter cohort 
study

July
 
1, 2021 to March

 
31, 2022.

Pfizer-BioNTech
BNT162b2

 
mRNA. 

Moderna
 
mRNA;

Janssen
Ad26.COV2.
S.; Oxford -AstraZeneca

 

32,536
 

Vaccinated
 
and

unvaccinated
 
women

for whom
 
weeks 20–43

of gestation fell entirely
within

 
the
 
9-month

data
 
collection

 
period

Aimed
 
to
 
measure

 
the
 
rate

 
of COVID-19 vaccine uptake 

among
 
women

 
giving

 
birth

 
in
 
Melbourne, Australia, 

and
 
to
 
compare

 
perinatal outcomes by vaccination 

status.

[17] Sweden
 
&
 Norway

Registry
 
based

 
retrospective

 
Study

Jan2021- Jan2022 mRNA
Vaccines,
Vector vaccines (BTN162b2, 
mRNA1273

 
&

AZD1222)

157521
(Norway:
54112)
(Sweden:
103409)

Pregnant women
 

To
 
examine

 
the
 
risk

 
of adverse pregnancy outcomes 

after vaccination against SARS-CoV-2 during pregnancy

[18] United
 
States Retrospective

 
cohort 

study
January

 
1, 2021, and 

December 31, 2021
Pfizer
BNT162b2

 
mRNA

 
&
 mRNA-1273

15,865
 

Vaccinated
 
and

 
unvaccinated

 
pregnant 

patients

To
 
compare

 
frequency

 
of perinatal death between

 
pregnant patients who completed

 
mRNA

COVID-19
 
vaccination

 
series and unvaccinated

 
patients.

[19] United
 
States Retrospective

 
cohort 

study
Feb–Sept. 2021 Moderna

 
&
 
Pfizer BioNTech 

mRNA
 
vaccines

1205
 

Vaccinated
 
and

 
non-

vaccinated
 

–
 
hyper

ovarian
 
regnant

women
 
with

hyperstimulation
cycles

To
 
assess whether COVID-19 mRNA

 
vaccination

 
is 

associated
 
with

 
controlled

 
ovarian

 
hyperstimulation

 
or 

early
 
pregnancy

 
outcomes.

[20] Israel Retrospective
 
cohort 

study
January

 
and

 
April 2021 (Pfizer–

BioNTech
 
BNT162b2

1775
 

Pregnant women
 

To
 
evaluate

 
the
 
impact of Covid-19 vaccination (Pfizer– 

BioNTech
 
BNT162b2) during the third trimester of 

pregnancy
 
on
 
maternal and neonatal outcomes 

[21] USA
 

Retrospective
 
cohort 

study
May

 
17–

 
October 24, 

2020, and December 
15, 2020–July

 
22, 2021

COVID-19
 
vaccine

 
during

 
pregnancy

46,079
 

Pregnant women
 

To
 
evaluate

 
risks for preterm 

birth
 
(<37

 
weeks' 

gestation) and small-for-gestational-age
 
(SGA) at birth 

(birthweight <10th
 
percentile

 
for gestational age) after 

COVID-19
 
vaccination

 
(receipt of ≥1 COVID-19 vaccine 

doses) during pregnancy.
[22] Israel Retrospective

 
cohort 

study
December 2020 and

 
July

 
2021

Pfizer BioNTech (BNT162b2) or 
Moderna

 
vaccines.

5618
 

Pregnant women
 

To
 
examine

 
the
 
association

 
between

 
SARS-CoV-2

 
vaccination

 
during

 
pregnancy

 
and

 
maternal and 

neonatal outcomes in a
 
large

 
cohort study. 

Furthermore, to evaluate if the timing
 
of vaccination 

during
 
pregnancy

 
is related to

 
adverse

 
outcomes.
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detailed in Table 1. A summary of the characteristics is presented in 
Table 1 and Fig. 3.

Narrative results (systematic review)

The study examines the impact of COVID-19 vaccination during 
pregnancy on various obstetric and neonatal outcomes, with 
mixed findings reported across different studies.

Fetal Outcomes: Kugelman et al. and Rottenstreich et al. found 
no effect on intra-uterine fetal deaths. Hui et al. reported a sig-
nificant protective effect against stillbirth (OR 0.18, CI 0.09–0.37), 
while Jarraya et al. found no significant effect. For intra-uterine 
growth retardation (IUGR), Hui et al. observed no significant 
impact, whereas Jarraya et al. reported a protective effect (OR 
0.129, CI 0.029–0.581). 12,20,25,16

Meconium-Stained Amniotic Fluid and Fetal Distress: 
Peretz-Machluv et al. and Wainstock et al. noted a significant as-
sociation with meconium-stained amniotic fluid, while Jarraya 
et al. and Rottenstreich et al. did not. Jarraya et al. found no sig-
nificant effects on fetal distress [11,14,20,25].

Preterm Birth: Results varied, with Jarraya et al., Hui et al., and 
Morgan et al. indicating a protective effect, while others, including 
Goldshtein et al., Kugelman et al., Peretz-Machluf et al., and Lip-
kind et al., showed no significant effect [11–14,16,18,20,21,25].

Pathological Complications: Wainstock et al. found no sig-
nificant effect on pathological presentation, whereas Rottenstreich 
et al. reported an association with non-vertex presentation. Citu 
et al. found no significant effects on pregnancy-related complica-
tions. Mixed results were noted for gestational hypertension and 
diabetes [11,14,20].

Delivery Methods: Among eight studies on caesarean de-
liveries, results were mixed. Studies on vacuum delivery also 
showed mixed outcomes. Two studies on placental abruption 
found no significant effect.

Maternal Outcomes: Few studies assessed maternal outcomes, 
showing no differences in postpartum hemorrhage or fever be-
tween vaccinated and unvaccinated patients [15].

Neonatal Outcomes: Most studies reported no significant ef-
fect on outcomes like the 5-min Apgar score, congenital abnor-
malities, small for gestational age, neonatal complications, 
respiratory complications, low birth weight, birth weight ≥4000 g, 
neonatal hospitalization, and ICU hospitalization. Some studies 
suggested potential protective effects against congenital abnor-
malities and neonatal complications [11–14,16,17,20,22].

Trimester-Specific Outcomes: The review included trimester-
specific data on preterm birth and small for gestational age (SGA), 
showing mixed results across studies [13,14,18,20,22,23,25].

Meta-analysis

Maternal outcomes
The meta-analysis shows that mRNA COVID-19 vaccines 

significantly reduce the risk of preterm delivery (OR 0.743, 95 % CI 
0.607–0.911, p = 0.004) and fetal distress (OR 0.699, 95 % CI 
0.546–0.893, p = 0.004). There is also a significant association with 
gestational diabetes (OR 1.107, 95 % CI 1.054–1.162, p = 0.001). No 
significant associations were found for intrauterine fetal death (OR 
0.556, 95 % CI 0.252–1.224, p = 0.145), intrauterine growth re-
striction (OR 0.727, 95 % CI 0.392–1.346, p = 0.310), placental 
abruption (OR 0.595, 95 % CI 0.294–1.204, p = 0.149), maternal 
postpartum fever (OR 0.911, 95 % CI 0.551–1.505, p = 0.716), 
maternal postpartum hemorrhage (OR 0.969, 95 % CI 0.821–1.142, 
p = 0.706), non-vertex presentation (OR 2.262, 95 % CI 
0.408–12.535, p = 0.350), gestational hypertension (OR 1.092, 95 % 
CI 0.809–1.372, p = 0.449), vacuum delivery (OR 0.743, 95 % CI
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Fig. 3. A. Pooled association of maternal mRNA Covid-19 vaccine exposure and second trimester preterm delivery, B. Pooled association of maternal mRNA Covid-19 vaccine 
exposure and third trimester preterm delivery. C. Pooled association of maternal mRNA Covid-19 vaccine exposure and fetal distress, D. Pooled association of maternal mRNA 
Covid-19 vaccine exposure and intra-uterine fetal death. E. Pooled association of maternal mRNA Covid-19 vaccine exposure and intra-uterine fetal growth restrictions, F. Pooled 
association of maternal mRNA Covid-19 vaccine exposure and placental abruption. G. Pooled association of maternal mRNA Covid-19 vaccine exposure and gestational diabetes, H. 
Pooled association of maternal mRNA Covid-19 vaccine exposure and gestational hypertension. I. Pooled association of maternal mRNA Covid-19 vaccine exposure and maternal 
postpartum fever, J. Pooled association of maternal mRNA Covid-19 vaccine exposure and maternal postpartum haemorrhage. K. Pooled association of maternal mRNA Covid-19 
vaccine exposure and non-vertex presentations, L. Pooled association of maternal mRNA Covid-19 vaccine exposure and preterm delivery. M. Pooled association of maternal mRNA 
Covid-19 vaccine exposure and vacuum delivery, N. Pooled association of maternal mRNA Covid-19 vaccine exposure and caesarean delivery.
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Fig. 3. (continued).
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Fig. 3. (continued).
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0.508–1.086, p = 0.125), and caesarean delivery (OR 1.031, 95 % CI 
0.869–1.223, p = 0.728). Fig. 3A–N presents the forest plots for 
these outcomes. This comprehensive analysis highlights the ben-
efits and risks associated with mRNA COVID-19 vaccination during 
pregnancy, providing valuable insights for healthcare providers 
and policymakers.

Meta analysis for the neonatal outcomes
The meta-analysis indicates that maternal mRNA COVID-19 

vaccination significantly reduces the risk of congenital abnor-
malities (OR 0.712, 95 % CI 0.570–0.889, p = 0.003), NICU hospi-
talization (OR 0.718, 95 % CI 0.617–0.836, p = 0.000), and preterm 

delivery (OR 0.743, 95 % CI 0.607–0.911, p = 0.004). Marginal but 
non-significant reductions were observed for third-trimester 
small for gestational age (SGA) (OR 0.922, 95 % CI 0.846–1.006, 
p = 0.068). No significant associations were found for other 
adverse neonatal outcomes, including 5-min Apgar score (OR 
0.805, 95 % CI 0.629–1.030, p = 0.085), newborn respiratory com-
plications (OR 0.717, 95 % CI 0.460–1.118, p = 0.142), all-cause 
neonatal complications (OR 0.718, 95 % CI 0.617–1.100, 
p = 0.277), and overall SGA (OR 0.979, 95 % CI 0.917–1.044, 
p = 0.510). Fig. 4A–J presents the forest plots for these outcomes.

General discussions

The systematic review and meta-analysis aimed to investigate 
the impact of prenatal mRNA COVID-19 vaccine exposure on ob-
stetric and neonatal outcomes. The analysis encompassed a 
comprehensive evaluation of various outcomes across 15 studies 
(Table 1, Fig. 1). The findings from our analysis (Figs. 3A-4J) have 
suggested that receiving the mRNA COVID-19 vaccine during 
pregnancy does not seem to increase the likelihood of experi-
encing adverse outcomes for both the mother and the newborn 
except for potential association with gestational diabetes (Fig. 3G).

However, potential added benefit in the form of reductions in 
certain adverse maternal and neonatal outcomes were observed 
which outweighs the risk.

From the analysis, a potential protective effect of prenatal 
mRNA COVID-19 vaccine exposure against fetal distress with 30 % 
reduction (Fig. 3C), fetal congenital abnormalities with 28 % 
reduction (Fig. 4D), NICU hospitalizations with 28 % reduction 
(Fig. 4H) and preterm birth with 25 % reduction (Fig. 4I) was 
observed, which was evidenced by the significant reduction of 
odds in the meta-analysis (Figs. 3C, 4D and 4H, 4I). In addition, it 
was also demonstrated that other neonatal adverse outcomes such 
as intrauterine fetal death, and intrauterine fetal growth restric-
tion were not significantly associated with prenatal mRNA COVID-
19 vaccine. An increased risk of gestational diabetes was found to 
be associated with mRNA COVID-19 vaccine in pregnancy. Other 
adverse maternal and neonatal outcomes such as placental 
abruption, gestational hypertension, maternal post-partum fever, 
maternal post-partum hemorrhage, non-vertex presentation, 
vacuum delivery, caesarean delivery, 5-min APGA, low birth 
weight, newborn respiratory complications, all-cause neonatal 
complications and full-term small for gestational age (SGA) were 
not found to be associated with exposure to prenatal mRNA COVID-
19 vaccine. These observations did not significantly change in a 
sensitivity analysis using fixed effect model for outcomes with tau 
square statistics less than 25 % (supplementary 3, not included in 
the main text).

The decline in preterm births may stem from preventing 
complications that are linked to infection with COVID-19, such as 
severe maternal respiratory issues or pre-eclampsia/eclampsia. 
This decrease could also be attributed to systemic inflammation 
avoidance which is associated with infection by COVID-19 or 
different general immune response [16]. During pregnancy, 
maternal SARS-CoV-2 infection has been linked to immune acti-
vation in the maternal and fetal compartments that can lead to

Fig. 3. (continued).

F. Adusei-Mensah, O. Olubamwo, S. Olaleye et al. Taiwanese Journal of Obstetrics & Gynecology 64 (2025) 957–970

965



Fig. 4. A. Pooled association of maternal mRNA Covid-19 vaccine exposure and 2nd trimester SGA, B. Pooled association of maternal mRNA Covid-19 vaccine exposure and 3rd 
Trimester SGA. C. Pooled association of maternal mRNA Covid-19 vaccine exposure and 5-min APGA, D. Pooled association of maternal mRNA Covid-19 vaccine exposure and 
congenital abnormalities. E. Pooled association of maternal mRNA Covid-19 vaccine exposure and low birthweight, F. Pooled association of maternal mRNA Covid-19 vaccine 
exposure and newborn respiratory complications. G. Pooled association of maternal mRNA Covid-19 vaccine exposure and all-cause neonatal complications, H. Pooled association 
of maternal mRNA Covid-19 vaccine exposure and neonatal intensive care unit admission (NICU). I. Pooled association of maternal mRNA Covid-19 vaccine exposure and preterm 

delivery, J. Pooled association of maternal mRNA Covid-19 vaccine exposure and Small for gestational age (SGA).
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adverse fetal outcomes. Vaccination aims to decrease this immune 
activation and thus reduce adverse perinatal outcome [25–27]. 
COVID-19 vaccines are found to be linked to a decreased chance of 
maternal COVID-19 infection/severity from infection. Induction of

comparable immune response in pregnant women was found with 
the two doses of mRNA COVID-19 vaccine which is associated with 
transmissions of antibodies to the newborn [28,29]. By activating 
the innate immune response, antibodies play a role in protecting

Fig. 4. (continued).
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the mother and the fetus against COVID-19 infection through the 
Fc-domain [30]. Previous review studies showed the association 
between any type of COVID-19 vaccination exposure including 
mRNA COVID-19 vaccine in pregnancy and peripartum outcomes 
but they did not find any significant protective effect on preterm 

birth [31].
Based on our analysis, we have robust evidence to support the 

safety of prenatal mRNA COVID-19 vaccine and advocate for its 
advantages in reducing the occurrence of preterm birth and fetal 
distress. It was found that individuals who received the mRNA 
vaccine showed a significantly reduced likelihood of having 
meconium-stained amniotic fluid, indicating a protective influ-
ence of the vaccine against this event. As an indicator of fetal 
distress, meconium-stained amniotic fluid is recognized [14,32]. 

An increased risk of gestational diabetes is found with the 
mRNA COVID-19 vaccine exposure. Our investigation of previous 
studies did not reveal a direct link between the mRNA COVID-19 
vaccine and gestational diabetes. However, we observed mRNA 
vaccine-associated hyperglycemia, with several suggested mech-
anisms to explain the phenomena in some studies. The natural 
immune response of the body to viral infections can facilitate beta 
cell destruction in the pancreas which is linked to abnormal 
glucose metabolism [33,34]. MDA5(melanoma differentiation-
associated protein 5), a protein to recognize pathogens, plays a 
significant role in controlling the initial immune response of the 
body to SARS-CoV-2 infection [35]. It is suggested that MDA5 de-
tects RNA from mRNA COVID-19 vaccine which can stimulate type
1 interferon production that can hamper the insulin production, 
conversion of proinsulin, and the function of mitochondria taking 
place in beta cells of the pancreas [36]. This can cause dysregula-
tion of effective blood sugar levels in the body and lead to hyper-
glycemia, but further studies are warranted to get specific 
molecular mechanisms.

Neonatal intensive care admission could stem from multiple 
sources of congenital abnormalities, neonatal infection, stressful 
labor, etc. The observed decrease in neonatal abnormalities in due 
to maternal vaccination partly justifies the subsequent reduction 
in the observed neonatal intensive care admissions among the 
vaccinated mothers. This observation is in sync with other studies 
[37].

Our study provided a comprehensive overview of COVID-19 
acceptance and hesitancy among pregnant women throughout 
the world. Some studies reported a positive trend with high 
acceptance and low hesitancy rates, while some others revealed 
mixed results with similar acceptance and hesitancy rates. On the 
other hand, several studies from different areas of the world 
including Asia, Europe, and North America pointed out low 

acceptance and high hesitancy rates. This highlights the signifi-
cance of targeted educational efforts and information access so 
that vaccine hesitancy can be addressed, and vaccination uptake 
can be promoted in this demographic.

The uptake of vaccine among pregnant women is on the rise but 
still low, with only a minor portion being fully vaccinated when it 
is time to deliver. Pregnant mothers usually hesitate to try some-
thing unfamiliar or new during pregnancy because of their con-
cerns about the potential harm to their offspring. It is crucial to 
address the low vaccination rates among pregnant individuals to 
safeguard the health of both mother and offspring [38,39].

Strength: Our updated search strategy reviewed over 3900 
records, including all high-quality studies assessed by the JBI 
critical appraisal tool. We used meta-analysis techniques to pro-
vide precise estimates of mRNA COVID-19 exposure's impact on 
pregnancy and neonatal outcomes, aiding decision-making for 
pregnant individuals and healthcare professionals.

Limitations: The studies were limited to a few countries, 
affecting geographical generalizability. Excluding some high-

Fig. 4. (continued).
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quality studies without comparison groups may have missed 
important insights. Further studies are recommended to validate 
the results.

Clinical and Policy Implications: The findings offer robust 
evidence for healthcare providers to support the safety and ben-
efits of mRNA COVID-19 vaccines during pregnancy, aiding in 
counseling and addressing vaccine safety concerns. Public health 
agencies can use this evidence to develop policies promoting 
maternal vaccination and addressing vaccine hesitancy. 

Conclusion: This systematic review and meta-analysis provide 
robust evidence that mRNA COVID-19 vaccines are safe during 
pregnancy, reducing preterm delivery, fetal distress, congenital 
abnormalities, and NICU admission. However, the association with 
gestational diabetes requires vigilant post-vaccine surveillance 
and further research. The findings inform public health policy, 
guide clinical practices, and shape future vaccine development 
strategies.
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