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1  |   I N TRODUC TION

Coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
and there has been a rapid increase in COVID-19 cases and 
related deaths since it was identified in early December 2019.1 
SARS-CoV-2 infection during pregnancy is associated with 
severe illness, with an increased risk of intensive care unit 

(ICU) admission, maternal death and adverse pregnancy 
outcomes.2-5 COVID-19 affects pregnancy in part because 
the immune system is directed towards fetal tolerance.6 In 
addition, SARS-CoV-2 is targeted to the respiratory and 
cardiovascular systems, which are physiologically stressed 
during pregnancy.7 Moreover, SARS-CoV-2 infection of the 
maternal placental surface may induce acute or chronic pla-
cental insufficiency, leading to pregnancy complications.7,8
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Abstract
Background: There are limited data regarding COVID-19 vaccination during 
pregnancy.
Objectives: To evaluate the effects of COVID-19 vaccination received during preg-
nancy on SARS-CoV-2 infection, COVID-19-related hospitalisation, COVID-19-
related intensive care unit (ICU) admission and maternal–fetal complications.
Search strategy: MEDLINE, CINHAL, Embase, Scopus and CENTRAL databases, 
as well as Clini​calTr​ials.gov, reference lists, related articles and grey literature sources.
Selection criteria: Randomised controlled trials, non-randomised studies of inter-
ventions, pregnant women, COVID-19 vaccination during pregnancy.
Data collection and analysis: Study selection, risk-of-bias assessment, data extrac-
tion and assessment of the certainty of evidence using the GRADE method were 
performed independently by two authors. Meta-analyses were performed using 
Cochrane RevMan 5.4. PROSPERO registration number: CRD42022308849.
Main results: We included 14 observational studies (362 353 women). The adminis-
tration of a COVID-19 vaccine during pregnancy resulted in a statistically significant 
reduction in SARS-CoV-2 infection (OR  0.46, 95%  CI 0.28–0.76) and COVID-19-
related hospitalisation (OR 0.41, 95% CI 0.33–0.51). The effect appeared to be greater 
in fully vaccinated women, for both infection (OR 0.31, 95% CI 0.16–0.59) and hos-
pitalisation (OR  0.15, 95%  CI 0.10–0.21). However, the certainty of evidence was 
very low. The difference in COVID-19-related ICU admission between vaccinated 
and unvaccinated individuals did not reach statistical significance (OR 0.58, 95% CI 
0.13–2.58). Finally, there were no statistically significant differences in any of the 
maternal–fetal complications considered in the included studies.
Conclusions: COVID-19 vaccination administered during pregnancy seems to re-
duce SARS-CoV-2 infection and COVID-19-related hospitalisation, with no signifi-
cant effects on maternal–fetal complications.
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Studies have shown that COVID-19 vaccination during 
pregnancy was associated with lower odds of severe or crit-
ical COVID-19 during the pandemic,9-11 and it has been 
reported that vaccinated individuals were less likely to ex-
perience adverse pregnancy outcomes.12-15 As a result, the 
Centers for Disease Control and Prevention (CDC), the 
American College of Obstetricians and Gynaecologists and 
the Society for Maternal–Fetal Medicine have each issued 
guidance supportive of offering COVID-19 vaccines during 
pregnancy.8,16,17,18,19

COVID-19 vaccine hesitancy remains high, however, and 
concerns about safety and effectiveness are commonly cited 
barriers to vaccination among pregnant women.20

As pregnant women were excluded from phase-III tri-
als, the effects of the vaccine on mother and child were not 
based on results obtained in the monitored setting of a clin-
ical trial, but instead were estimated based on delayed re-
ports of pregnancy outcomes from healthcare settings.21,22 
As a result, there are very limited data regarding the effec-
tiveness of COVID-19 vaccines in pregnant women. Thus, 
the aim of this systematic review (SR) was to assess the ef-
fects of COVID-19 vaccination received during pregnancy 
on SARS-CoV-2 infection, COVID-19-related hospitalisa-
tion, COVID-19-related ICU admission and maternal–fetal 
complications.

2  |   M ETHODS

We followed the Cochrane Handbook (v6.3) in conduct-
ing the study and the PRISMA Statement 2020 in reporting 
the results.23,24 We registered the protocol in PROSPERO 
(www.crd.york.ac.uk/prospero) with registration number 
CRD42022308849.

We used the following inclusion criteria to select studies:

•	 Study designs: randomised controlled trials (RCTs) and 
non-randomised studies of interventions (NRSI), such 
as non-randomised controlled trials, cohort studies and 
case–control studies.

•	 Participants: pregnant women in all three trimesters.
•	 Interventions: any type of COVID-19 vaccination admin-

istered during pregnancy.
•	 Comparators: absence of COVID-19 vaccination (no in-

tervention, placebo vaccine).
•	 Outcomes: incidence of SARS-CoV-2 infection, COVID-

19-related hospitalisation, COVID-19-related ICU admis-
sion and maternal–fetal complications.

With the collaboration of a professional librarian, we 
searched the electronic bibliographic databases: MEDLINE 
(PubMed), CINHAL (EBSCOhost), EMBASE, Scopus 
(Ovid) and Cochrane Central Register of Controlled 
Trials (CENTRAL). In addition, to identify other rele-
vant studies, we searched Clini​calTr​ials.gov, the reference 
lists of other SRs on the topic and the reference lists of 
the included articles, and grey literature sources such as 

databases of conference proceedings, theses and Google 
Scholar (schol​ar.google.com). The search strategies used 
for each database, following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses literature search 
extension (PRISMA-S), are available in Appendix S1.25 We 
limited the search to articles published in English, Italian, 
French and Spanish from 2019 to 4 February 2022, with no 
setting restrictions. We used Rayyan (www.rayyan.com) to 
eliminate duplicate records.

The selection process consisted of two phases: an initial 
screening by title and abstract and a second selection step, 
in which the full texts were read. Both steps were carried 
out independently by two authors (MT and CT), and dis-
agreements were resolved through discussion with a third 
reviewer (SS). We report the number of studies retrieved and 
the number of included and excluded articles at every step 
in the Results section using the PRISMA 2020 flow diagram 
(Figure 1).24

Data extraction was performed independently by two 
reviewers (MT and CT) using a data extraction sheet in 
Microsoft Excel (Microsoft, Redmond, WA, USA). Any dis-
crepancies were resolved through discussion. In the case of 
uncertain or missing data, we contacted the study authors 
by email, with a maximum of two emails sent to each author 
if no response was received. To complete the information in 
Table  1 and Tables  S1 and S2, we requested additional in-
formation from the authors of all included studies; however, 
authors from only six of the included studies replied to the 
email.13,15,26,27,28,29 In cases in which information is missing 
because of the lack of response or provision of additional 
data, we have filled in the table with the inscription ‘ns’ (not 
specified).

We collected data on reports (first author, publication 
year, study design), participants (sample size, sample char-
acteristics), intervention (vaccine type received, vaccination 
strategy) and outcomes (incidence of SARS-CoV-2 infection, 
COVID-19-related hospitalisation, COVID-19-related ICU 
admission and maternal–fetal complications).

Two authors (MT and IP) independently assessed the risk 
of bias (RoB) of the included studies using the Risk of Bias 
in Non-randomised Studies of Interventions (ROBINS-I) 
tool,30 and resolved disagreements by discussion with a third 
author (SS). We used robvis (visualisation tool) to produce 
the RoB summary and RoB graph.31

We reported the results as follows:

•	 Primary outcomes: SARS-CoV-2 infection, COVID-
19-related hospitalisation and COVID-19-related ICU 
admission.

•	 Secondary outcomes: maternal–fetal complications.

We conducted a meta-analysis of data for both primary 
and secondary outcomes reported by at least two included 
studies, using odds ratio (ORs) as a measure of effect size. 
We judged the effectiveness based on statistical significance 
(i.e. the 95% CI of the effect between groups did not include 
the null value).
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We used the DerSimonian–Laird random-effects model as 
a conservative approach to account for different sources of het-
erogeneity among studies. Statistical heterogeneity of the stud-
ies was evaluated using the I2 test. We conducted a sensitivity 
analysis for primary outcomes in which we considered only 
studies and results from fully vaccinated women (i.e. at least 
14 days after receiving the necessary vaccine doses, to define 
the vaccination as complete, which was either one or two doses 
depending on the vaccine type). We planned another sensitiv-
ity analysis to compare the effects of different COVID-19 vac-
cination strategies (different types, doses or timing), but we did 
not retrieve enough data to perform this analysis.

We examined publication bias using funnel plots. The 
Egger test for funnel plot asymmetry was not performed be-
cause no meta-analysis included at least ten studies.23

We performed statistical analyses using Cochrane RevMan 
5.4 (www.cochr​ane.org). We assessed the certainty of the body of 
evidence using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach.32 Two 
authors (MT and SS) independently assessed the quality of 
evidence as high, moderate, low or very low by considering five 
domains that can reduce the quality of evidence (study design 
and RoB, inconsistency, indirectness, imprecision, publication 
bias) and three that can increase the quality of evidence (large 
magnitude of an effect, dose–response gradient, effect of plausi-
ble residual confounding).32 Following the Cochrane Handbook 
(v6.3),33 we used GRADEpro GDT (www.grade​pro.org) to elab-
orate a summary of findings table for the outcomes investigated.

No patients were involved in this research.

3  |   R E SU LTS

3.1  |  Selection process

We found 2460 records during the database search, and 
after the removal of duplicates, we screened 1458 records 
and evaluated 14 full-text reports for inclusion in the re-
view. In addition, we identified four reports from other 
sources: one in the related articles in MEDLINE (PubMed), 
another in the references of the included studies and two 
in the references of another SR. Ultimately, we excluded a 
total of four studies,34-37 and included 14 reports describ-
ing 14 studies. The f low diagram of the selection process 
can be found in Figure  1, the reasons for exclusion are 
listed in Table S3 and the citations of the included studies 
are listed in Table S4.

3.2  |  Characteristics of the individual studies

No RCTs were found. All the included studies were ob-
servational: four prospective cohort studies,15,26,38,39 
eight retrospective cohort studies,10,11,13,14,27,40,41,42 and 
two case–control studies.28,29 The entire population con-
sisted of 362 353 women, of whom 70 740 received at least 
one dose of a COVID-19 vaccine during pregnancy and 
291 613 were not vaccinated against COVID-19 during 
pregnancy. The characteristics of the included studies are 
reported in Table 1.

F I G U R E  1   PRISMA 2020 flow diagram of the selection process

2460 Records identified from:

Medline (n = 683)
Scopus (n = 1035) 
EMBASE (n = 266) 
CINAHL (n = 302)
CENTRAL (n = 175)
ClinicalTrials.gov (n = 0)

Records removed before 
screening:

Duplicate records removed 
(n = 1002)

Records screened
(n = 1458) Medline (301), Scopus (674),
Embase (135), CINAHL (173), CENTRAL (175)

Records excluded
(n = 1444)

Reports sought for retrieval
(n = 14) Medline (5), Scopus (6), Embase (1), 
CINAHL (2), CENTRAL (0)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 14)

Reports excluded:
Different aim (n = 2)

4 Records identified from:

Related articles (n = 1)
References of the included 
studies (n = 1)
References of another SR (n = 2)
Google Scholar (n = 0)

Reports assessed for eligibility
(n = 4)

Reports excluded:
Different vaccine (n = 1)
Different population (n = 1)

Studies and reports included in 
review
(n = 14)

Identification of studies via databases and registers Identification of studies via other methods
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3.3  |  Effect of vaccination on SARS-CoV-2 
infection, COVID-19-related hospitalisation and 
COVID-19-related ICU admission

Meta-analysis of eight studies showed a significant reduc-
tion in the probability of SARS-CoV-2 infection in vacci-
nated women (OR 0.46, 95% CI 0.28–0.76, p = 0.002), with 
a high heterogeneity (I2 = 94%) (Figure 2A).10,11,13,15,26,38,39,40  
The sensitivity analysis considering only fully vaccinated 
women showed a stronger effect (OR  0.31, 95%  CI 0.16–
0.59, p = 0.0004), but the heterogeneity remained substantial 
(I2 = 75%) (Appendix S2).10,11,15,26

Meta-analysis of four studies identified a significant 
reduction of COVID-19-related hospitalisation in vacci-
nated women (OR  0.41, 95%  CI 0.33–0.51, p < 0.00001), 
with no heterogeneity (I2  =  0%) (Figure  2B).13,15,26,39 
The sensitivity analysis considering only fully vacci-
nated women showed a stronger effect (OR 0.15, 95% CI 
0.10–0.21, p < 0.00001), with no heterogeneity (I2  =  0%) 
(Appendix S2).15,26

Meta-analysis of seven studies did not identify a signifi-
cant reduction in COVID-19-related ICU admissions in vac-
cinated women (OR 0.58, 95% CI 0.13–2.58, p = 0.47), with a 
high heterogeneity (I2 = 71%) (Figure 2C).10,11,15,26,39,40,41 The 
effect size was not substantially modified in the sensitivity 
analysis considering only fully vaccinated women (OR 0.53, 
95% CI 0.05–5.95, p = 0.61) (Appendix S2).

We report all primary outcomes data in Table S1.

3.4  |  Effect of vaccination on maternal-fetal 
complications

Eight studies evaluated maternal complications occurring 
during pregnancy in vaccinated versus unvaccinated women 
(Table  S2).10,11,13,38,39,40,41,42 We performed a meta-analysis 
for the following outcomes: composite pregnancy compli-
cations (OR 0.99, 95% CI 0.81–1.21, p = 0.93), hypertensive 
disorders and pre-eclampsia (OR  1.11, 95%  CI 0.86–1.42, 
p  =  0.42), placental abruption (OR  0.60, 95%  CI 0.29–1.21, 
p = 0.15), thromboembolism (OR 2.44, 95% CI 0.12–51.05, 
p = 0.57), postpartum haemorrhage (OR 0.89, 95% CI 0.62–
1.29, p = 0.54), puerperal fever (OR 0.91, 95% CI 0.55–1.50, 
p = 0.71) and maternal death (OR 2.19, 95% CI 0.09–53.82, 
p  =  0.63). No significant differences between vaccinated 
and unvaccinated women were observed for these outcomes 
(Appendix S3).

Nine studies evaluated fetal complications occurring 
during pregnancy in vaccinated versus unvaccinated women 
(Table S2).10,11,13,14,15,38,40,41,42 We performed a meta-analysis 
for the following outcomes: pregnancy loss (OR 1.04, 95% CI 
0.96–1.13, p  =  0.36), fetal abnormalities (OR  0.91, 95%  CI 
0.40–2.07, p  =  0.82), small for gestational age (OR  1.01, 
95%  CI 0.87–1.17, p  =  0.88), intrauterine growth restric-
tion (OR  0.97, 95%  CI 0.62–1.52, p  =  0.90), preterm birth 
(OR  0.82, 95%  CI 0.64–1.06, p  =  0.12), stillbirth (OR  0.73, 
95%  CI 0.28–1.87, p  =  0.51), meconium-stained amniotic A
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fluid (OR  0.78, 95%  CI 0.58–1.05, p  =  0.10), neonatal ICU 
admission (OR 0.91, 95% CI 0.58–1.44, p = 0.69) and hypoxic 
ischaemic encephalopathy (OR  4.42, 95%  CI 0.18–108.91, 
p = 0.36). No significant differences were observed for these 
outcomes between vaccinated and unvaccinated women 
(Appendix S3).

3.5  |  Risk of bias within studies

The overall RoB was serious for 12,10,11,14,15,26,27,28,29,38,40,41,42  
and moderate for two,13,39 of the included studies. This 
judgement was primarily influenced by the confounding 
bias domain, in which most of the studies had a serious 
RoB.10,11,14,15,26,27,28,29,38,40,41,42 In the domains of the selec-
tion of participants and the selection of reported results, all 
studies had a moderate RoB.10,11,13,14,15,26,27,28,29,38,39,40,41,42 
Finally, in the biases resulting from the classification of 
the intervention,10,11,13,14,15,26,27,28,29,39,40,42 deviations from 
intended interventions,10,11,13,14,15,26,27,28,29,38,39,40,41,42 miss-
ing data,10,11,13,14,15,26,27,28,29,39,40,41,42 and the measurement 

of outcome domains,10,11,13,14,15,26,27,28,29,38,39,40,41,42 most of 
the studies obtained a low RoB. The attrition rate of the 
included studies can be found in Table S5, the RoB assess-
ment is presented in Figure  S1 and the justifications for 
each judgement are listed in Table S6.

3.6  |  Risk of publication bias

The funnel plots showed gaps and asymmetries for both 
primary and secondary outcomes, which could suggest the 
presence of publication bias (Appendix  S4). However, we 
must consider that the asymmetry could result from several 
factors, such as non-reporting biases, poor methodological 
quality, leading to spuriously inflated effects in smaller stud-
ies, true heterogeneity, artefacts and chance.23 Furthermore, 
none of the outcomes were addressed in at least ten studies, so 
one must be cautious in making a visual interpretation, and 
performing a statistical test for asymmetry (i.e. Egger test) is 
not appropriate.23 In any case, the probable presence of publi-
cation bias was considered relevant in the GRADE approach.

F I G U R E  2   Forest plots of meta-analysis for primary outcomes (A) Outcome: incidence of SARS-CoV-2 infection. Comparison: vaccinated vs 
non-vaccinated pregnant women. (B) Outcome: COVID-19-related hospitalisation. Comparison: vaccinated vs non-vaccinated pregnant women. (C) 
Outcome: COVID-19-related ICU admission. Comparison: vaccinated vs non-vaccinated pregnant women.
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3.7  |  Certainty in the body of evidence

All considered outcomes started the GRADE process with 
a low certainty of evidence because the data were obtained 
from observational studies.32 All of the outcomes were 
downgraded to having a very low certainty of evidence be-
cause of the high RoB in most of the included studies and 
the probable presence of publication bias. In addition, some 
outcomes also exhibited unexplained high (I2 > 60%) or very 
high (I2 > 90%) heterogeneity and wide (with a range greater 
than 0.5 OR points) or very wide (with a range greater than 
1.0 OR points) confidence intervals. For these reasons, the 
evidence is very uncertain for all outcomes considered. For 
more information, see the summary of findings tables with 
footnotes explaining judgements for primary (Figure 3) and 
secondary outcomes (Appendix S5).

4  |   DISCUSSION

4.1  |  Main findings

Our SR demonstrated that the administration of a 
COVID-19 vaccine during pregnancy resulted in a sta-
tistically significant reduction in SARS-CoV-2 infection 
(OR 0.46, 95% CI 0.28–0.76) and COVID-19-related hospi-
talisation (OR 0.41, 95% CI 0.33–0.51), but the certainty of 
evidence was very low. The effect appeared to be greater for 
both infection (OR 0.31, 95% CI 0.16–0.59) and hospitali-
sation (OR 0.15, 95% CI 0.10–0.21) when considering only 
fully vaccinated women, although the level of certainty was 
still very low. Conversely, the difference in ICU admissions 
related to COVID-19 did not reach statistical significance 
(OR 0.58, 95% CI 0.13–2.58), probably because of the small 

F I G U R E  3   GRADE summary of findings table for primary outcomes. aDowngrade by one level due to a high risk of bias in most of the included 
studies for this outcome (see the ROB assessment results with ROBINS I). bDowngrade by two levels due to unexplained high heterogeneity, I2 > 90% 
(see the forest plots and the results section). cDowngrade by one level due to probable publication bias (see the funnel plots and the results section). 
dDowngrade by one level due to unexplained heterogeneity, I2 > 60% (see the forest plots and the results section). eDowngrade by two levels due to very 
wide confidence intervals. Confidence interval range greater than 1.0 OR points.
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number of total cases among both vaccinated and unvac-
cinated women.

Finally, there was no significant difference between vac-
cinated and unvaccinated women in any of the maternal–
fetal complications considered in the included studies.

4.2  |  Strengths and limitations

Our SR is subject to several limitations. Of the few studies 
that addressed the questions of our SR, all were observa-
tional and most presented a serious RoB. Moreover, five of 
the 14 included studies did not recruit women with a history 
of SARS-CoV-2 infection,13,26,39,41,42 whereas the other stud-
ies did not provide information about SARS-CoV-2 infection 
history.10,11,14,15,27,28,29,38,40 This could indicate selection bias. 
Moreover, the included studies did not report data strati-
fied by trimester of pregnancy; as a result, we were unable to 
study the outcomes in each trimester. Additionally, we must 
consider that time-varying exposure outcomes (i.e. preg-
nancy loss, preterm birth, stillbirth, placental abruption and 
maternal death) can occur at any time during pregnancy, 
and if they occur early, participants have a lower likelihood 
of getting the vaccine. This may affect the results by creating 
a bias suggesting a protective effect of the vaccine on such 
outcomes.43 In our case, it may have particularly influenced 
the outcome of the meta-analysis for preterm birth (OR 0.82, 
95% CI 0.64–1.06) (Appendix S3). Finally, we have restricted 
the eligibility based on the language of publication, and thus 
otherwise eligible studies could have been excluded.

On the other hand, our SR also had several strengths, 
including the completion of a sensitive search in multiple 
databases, high methodological quality, according to the 
standards, and the use of the GRADE approach.32

4.3  |  Interpretation

The results of our SR should be interpreted with caution because 
of the very low level of certainty of the evidence. Nevertheless, 
COVID-19 vaccination administered during pregnancy 
seems to reduce the incidence of SARS-CoV-2 infection and 
COVID-19-related hospitalisation, with no significant effects 
on maternal–fetal complications. These findings should be 
considered by both clinicians and pregnant women and could 
help to overcome vaccine hesitancy. Reducing the number of 
infections or hospitalisations is an important goal that would 
limit the risk of pregnancy and perinatal complications associ-
ated with symptomatic or severe COVID-19,3,4,5,44,45 prevent 
hospital-related adverse events,46-48 and reduce the economic 
burden on healthcare facilities.

A recent SR and meta-analysis published by Prasad et al. 
addressed a similar question, but there are a few differences 
between their review and ours.49 Some of the studies in their 
review included women vaccinated before pregnancy or 
non-pregnant individuals. In addition, they did not consider 
COVID-19-related hospitalisation and many maternal–fetal 

complications (i.e. composite pregnancy complications, pu-
erperal fever, small for gestational age, intrauterine growth 
restriction, meconium-stained amniotic fluid and hypoxic 
ischaemic encephalopathy). Nonetheless, their results are 
similar to our results; however, they found a significant 
reduction in stillbirth in the vaccinated cohort (OR  0.85, 
95% CI 0.73–0.99, p < 0.01, I2 = 93.9%) and we did not. This 
discrepancy may result from the fact that they included data 
from two study registers, which increased the sample size.

Another SR and meta-analysis studied the effect of vac-
cination on SARS-CoV-2 infection and COVID-19-related 
hospitalisation during pregnancy.50 It included only six ob-
servational studies published up to September 2021. Its re-
sults are consistent with our findings.

Additional SRs found that COVID-19 vaccination does 
not appear to be associated with maternal–fetal complica-
tions; rather, it was associated only with common adverse 
reactions, such as transient headache, pain at the injection 
site and fatigue.50-54

Our study contributed to the knowledge on the topic by 
including new studies in the SR and providing additional 
data related to the certainty of evidence using the GRADE 
method.32

5  |   CONCLUSION

COVID-19 vaccination administered during pregnancy 
seems to reduce the incidence of SARS-CoV-2 infection 
and COVID-19-related hospitalisation, with no significant 
effects on maternal–fetal complications. However, the cer-
tainty of evidence is very low. For future research, we recom-
mend high-quality RCTs to increase the level of the certainty 
of evidence, performing studies or generating data compar-
ing different vaccination strategies with each other (e.g. dif-
ferent types, doses or timing) and further data stratification 
according to the trimester of pregnancy to enable subgroup 
analysis and meta-regression.
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