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Abstract 

Background  The effect of HBV on neonatal and maternal outcomes can create a basis for more accurate clinical 
decision-making. So, the aim of this meta-analysis is to detrmine the effect of chronic hepatitis B virus on the risk 
of pregnancy outcomes by combining cohort studies.

Methods  International databases in this meta-analysis included the Cumulated Index to Nursing and Allied Health 
Literature (CINAHL), SPORT Discuss via the EBSCO interface, PubMed (Medline), Scopus, Web of Science, Embase, 
which were searched up to April 2023. All cohort studies reporting the risk ratio (RR) with a 95% confidence interval 
(CI) were included in the study. The quality assessment was done based on the Newcastle–Ottawa Scale (NOS).

Results  Finally, thirty-five cohort studies were selected for meta-analysis. Outcomes of interest included pre-
eclampsia, gestational diabetes, abortion, preterm birth, infant death, and other related outcomes. Results showed 
that the pooled RR for incident gestational diabetes in pregnant women with choronic hepatitis B infection was 1.16 
(RR: 1.16; 95% CI 1.13–1.18; I-square: 92.89%; P value: 0.00). Similarly, the association between the presence of hepatitis 
B infection in pregnant women and the occurrence of pre-eclampsia was 1.10 (RR: 1.10; 95% CI 1.04–1.16; I-square: 
92.06%; P value: 0.00). The risk of preterm delivery in pregnant women with hepatitis B infection was 1.17 times that of 
pregnant women without hepatitis B infection (RR: 1.17; 95% CI 1.14–1.20; I-squared: 94.32%; P value: 0.00).

Conclusion  This meta-analysis found that hepatitis B infection during pregnancy may be associated 
with an increased risk of gestational diabetes, preterm delivery, pre-eclampsia, and eclampsia. However, confirma-
tion of this association, as well as the specific biological pathways involved in the association between HBV infection 
and pregnancy outcomes, requires further investigation.
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Infant death

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Virology Journal

*Correspondence:
Yousef Moradi
Yousefmoradi211@yahoo.com
Full list of author information is available at the end of the article

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/s12985-023-02182-0&domain=pdf


Page 2 of 19Afraie et al. Virology Journal          (2023) 20:213 

Introduction
A double-stranded DNA virus belonging to the hepad-
naviridae family, hepatitis B virus (HBV). The virus is 
enveloped and has a core with a viral DNA genome of 
approximately 3200 base pairs. In patient blood, the 
virus was initially identified as “Australia antigen,” sub-
sequently known as hepatitis B surface antigen (HBsAg). 
Later on, as a marker for those at high risk of transmit-
ting the disease, the hepatitis B e antigen (HBeAg) was 
discovered. The virus penetrates a hepatocyte, delivers its 
genome to the nucleus, and changes the relaxed circular 
DNA into covalently closed circular DNA (cccDNA) [1–
3]. Significant human morbidity and death are brought 
on by HBV infection, mostly as a result of the effects 
of chronic infection. According to recent estimates of 
chronically infected people ranging from 240 to 350 
million, more than two billion people have ever been 
infected with HBV [4–6]. Around 0.5–1.2 million people 
die annually on average [7]. There are three geographic 
regions where the prevalence of HBV infection is highest: 
East Asia and Africa (> 8%), the Mediterranean region 
(2–8%), and Eastern Europe (2%) [8]. More than half of 
the 350 million HBV carriers worldwide acquire the virus 
during pregnancy; rates of mother-to-child transmission 
also differ dramatically depending on the mother’s hepa-
titis B e antigen (HBeAg) status [9, 10]. Some mecha-
nisms explain how HBV infection affects pregnancy. 
Reduced CD8 T cells and increased viral activity are 
caused by inhibiting the Th1 immune response and simu-
lating the Th2 immune response, impairing the immuno-
logical response to HBV [11]. Due to the cross-reaction, 
increased regulatory T cells, and malfunctioning CD8 
T cells, the exposure of the fetus to HBeAg may gener-
ate fetal T helper cell tolerance to HBeAg and HBcAg, 
which rasie HBV DNA levels during pregnancy [12, 13]. 
Studies have shown an increased risk of both newborn 
and maternal morbidity associated with HBV infection, 
including fetal distress, gestational diabetes mellitus, pre-
term delivery, and meconium peritonitis[14–18]. Also, 
antepartum hemorrhage causing placental abruption 
and placenta previa can increase. A lower Apgar score is 
the only perinatal complication [14, 18]. However, there 
isn’t much research on the mechanisms underlying these 
results [19].

The effect of HBV on neonatal and maternal outcomes 
can create a basis for more accurate clinical decision-
making. By identifying the specific connection between 
HBV and pregnancy outcomes, clinicians and specialists 
can reduce the impacts and enhance the quality of life for 
HBV patients. The research may aid in updating clini-
cal guidelines and improving the care of HBV patients, 
which may aid in the early detection and prevention of 
pregnancy outcomes. Thus, by combining cohort data, 

we aimed to systematically review and meta-analyze the 
relationship between HBV and pregnancy outcomes.

Methods
The current study was a systematic review and meta-
analysis, which was conducted to determine the exact 
relationship between the presence of infection and the 
chronic HBV and the occurrence of maternal outcomes 
such as pre-eclampsia, gestational diabetes, abortion, 
premature birth, infant death, and other related results. 
The primary studies in this meta-analysis were prospec-
tive or retrospective cohort studies. All the steps of this 
study were developed and carried out based on the struc-
ture of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guideline [20].

At first, the search strategy aimed at retrieving cohort 
studies published in the target field in international 
databases such as the Cumulated Index to Nursing and 
Allied Health Literature (CINAHL), SPORT Discuss via 
the EBSCO interface, PubMed (Medline), Scopus, Web 
of Science, and Embase. Then the retrieved articles were 
screened in Endnote version 8. Keywords were included: 
“Hepatitis B”, “Hepatitis B Virus”, “Pregnancy Outcome”, 
“Maternal Morbidity”, “Maternal Death”, “Pre-Eclamp-
sia”, “Premature Birth”, and “Gestational Diabetes”, along 
with their synonyms in the Mesh database. To perform 
the screening, first, the duplicates of retrieved articles in 
the software were removed, and then, in the first step, 
screening based on the title; in the second step, screen-
ing based on the subject; and in the final step, screen-
ing based on the full text of the articles was done. And 
after these steps, the final articles were selected. The time 
frame for searching international databases and screen-
ing was from January 1990 to February 2023. Also, all 
the screening steps were done independently by authors 
(MA and MA), and disputes were resolved by the third 
researcher (YM), who was an expert. To carry out a com-
prehensive and detailed search, or in other words, to 
carry out gray literature to complete the search strategy, 
the first ten pages of Google Scholar along with a man-
ual search (checking the sources and references of the 
final selected studies) were also done by the authors. The 
inclusion criteria and the final selection of studies in this 
meta-analysis were based on the PECOT structure, the 
specifics of which are detailed in Table 1. The studies that 
had all the characteristics listed in Table 2 were included 
in the present meta-analysis. After the screening, to 
extract the desired information from these articles based 
on the purpose of the study, a checklist prepared with the 
opinion of experts was used. Checklist elements included 
authors’ names, type of study, year of publication, total 
sample size, country of study, type of population, age, and 
effect size reported in the studies. Two authors (MA and 
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MA/KZ) carried out data extraction independently, and 
the third researcher (YM), an expert, resolved disputes.

Evaluating the risk of bias
The NOS (Newcastle–Ottawa Quality Assessment Scale) 
checklist was used to evaluate the quality of the articles. 
This checklist is designed to assess the quality of cross-
sectional studies. Each of these items is given a score of 
1 if they are observed in the studies. And the maximum 
score for each study is 9 points. This step was done inde-
pendently by two authors (MA and KZ), and in case 
of disagreement, the cases were referred to the third 
researcher (YM).

Statistical analysis
The intended effect size in this meta-analysis was the 
risk ratio (RR). First, the effect size and the confidence 
interval were extracted from the studies to perform the 
analysis. Then, in the desired software for analysis, the 
logarithm and the standard deviation (SD) of the RR 
logarithm were calculated, and by combining the loga-
rithm and the standard deviation of the RR logarithm, 
meta-analysis was conducted. To check the heterogeneity 
and variance between the selected studies, Cochran’s Q 

and I2 tests were used. Statistical analysis was performed 
using STATA 17, and the P-value was considered lower 
than 0.05. Subgroup analyses were performed to deter-
mine the main source of heterogeneity in the current 
meta-analysis based on gestational age, the continent or 
country of study, and mothers’ age.

Results
In this meta-analysis, after searching and retrieving all 
articles, 1390 articles in the PubMed database, 1002 
articles in the Scopus database, and 779 articles in other 
relevant databases, including the Cumulated Index to 
Nursing and Allied Health Literature (CINAHL), SPORT 
Discuss via the EBSCO interface, Web of Science, and 
Embase, were retrieved. After removing the duplicates 
that included 1850 articles, 1321 articles were screened 
based on the title. In this stage, 902 articles were removed 
based on the title, and 419 articles entered the screening 
stage based on the abstract and then the full text. Finally, 
a total of 384 articles were removed in these steps. 
Thirty-five cohort studies were selected for meta-analysis 
and the present study (Table 2) (Fig. 1). The main point 
was that all selected cohort studies considered chronic 

Total (n=3171)

Removed duplicate (n=1850)

Removed by Title (n=902)

Screening by Abstract (n=419) Removed by Abstract (n=208)

Screening by full text (n=211)

Studies included Meta-Analysis 
(n=35)

Removed by full text (n=176)

[Unrelated outcomes (n=78) 

Unrelated index and effect size (n=39) 

Unrelated methods (n=59)]

Screening by Title (n=1321)

PubMed (Medline) (n=1390) Scopus (n=1002) Other databases (n=779)

Fig. 1  A flow diagram demonstrating the study selection process
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HBV and examined its association with the occurrence of 
pregnancy outcomes.

Gestational diabetes
The first desired outcome in this meta-analysis was to 
estimate the incidence of GDM in pregnant women with 
HBV. The sample size was equal to 32,370,174 pregnant 
women in a total of 29 studies, of which 121,737 pregnant 
women were infected with HBV [18, 21–48]. These 29 
studies determined the relationship between the presence 
of HBV infection and the occurrence of GDM. The high-
est and lowest effect sizes reported in these studies were 
related to the study by L.E. Connell et al. and the study 
by S. Peng et al. After pooling the studies, the pooled RR 
for incident GDM was 1.16. This means that the risk of 
developing GDM in pregnant women with HBV infec-
tion is 1.16 times that of healthy pregnant women (RR: 
1.16; 95% CI 1.13–1.18; I square: 92.89%; P value: 0.00) 
(Fig. 2). The analysis of publication bias in this meta-anal-
ysis was performed using the Eggers test and reported in 
Table  3. Based on the results of this test, diffusion bias 
did not occur in the analysis and combination of studies 
to investigate the relationship between the presence of 
HBV infection and the occurrence of GDM (B: -0.89; SE: 
0.979; P-value: 0.361).

Subgroup analyses by continent, age, and gestational 
age are reported in Table 3. The results showed that the 
relationship between the presence of HBV infection and 
the occurrence of GDM in pregnant women living in 
Europe is higher than in pregnant women living in Asia 
and America. But the significant point is that one study is 
in the European subgroup, which makes the possibility of 
comparison challenging. If this subgroup analysis is not 
taken into account and the Asian and American regions 
are considered, the results show that pregnant women 
living in the United States (RR: 1.54; 95% CI 1.44–1.65; I 
square: 76.44%; P value: 0.01) have a higher risk of devel-
oping HBV infection compared to pregnant women liv-
ing in Asia (RR: 1.11; 95% CI 1.09–1.14; I square: 91.58%; 
P value: 0.00) (Table 3). Based on maternal age and ges-
tational age by week, the results showed that age over 30 
years and gestational age below 38 weeks aggravate the 
effect of HBV infection on the occurrence of GDM, and 
the risk of developing GDM is higher in these women 
(Table 3).

Preeclampsia
The second desired outcome in this meta-analysis was 
to estimate the risk of preeclampsia in pregnant women 
with HBV infection. The sample size was equal to 
3,217,1538 pregnant women in a total of 20 studies, of 
which 103,392 were infected with hepatitis [18, 21–23, 
27–32, 34, 36–38, 41, 42, 44, 48–50]. These 20 studies 

determined the relationship between the presence of 
HBV infection and the occurrence of preeclampsia. The 
highest and lowest effect sizes reported in these studies, 
respectively, are related to the study by R. Thungsuk and 
colleagues (RR: 2.12; % 95 CI 1.89–2.38) and the study by 
W.W. To et al. (RR: 0.30; % 95 CI 0.10–0.92). After pool-
ing the studies, the pooled RR for preeclampsia was 1.10. 
This means that the risk of preeclampsia in pregnant 
women with HBV infection is 1.10 times that of healthy 
pregnant women (RR: 1.10; % 95 CI 1.04–1.16; I square: 
92.06%; P value: 0.00) (Fig. 3). The analysis of publication 
bias in this meta-analysis was performed using the Eggers 
test and reported in Table 3. Based on the results of this 
test, diffusion bias did not occur in the analysis and com-
bination of studies to investigate the relationship between 
the presence of HBV infection and the occurrence of 
preeclampsia (B: − 0.94; SE: 0.661; P value: 0.156).

The results of the subgroup analysis in Table 3 showed 
a relationship between the presence of HBV infection 
and the occurrence of preeclampsia in pregnant women 
living in Asia (RR: 1.24; 95% CI 1.17–1.32; I square: 
92.14%; P value: 0.00). More than pregnant women living 
in Europe (RR: 0.71; % 95 CI 0.55–0.92; I square: 0.00%; P 
value: 0.89) and America (RR: 0.80; % 95 CI 0.72–0.90; I 
square: 74.28%; P value: 0.02). The important point is that 
HBV in pregnant Asian women has a positive and sig-
nificant association with the occurrence of preeclampsia, 
while in European and American pregnant women, this 
relationship is inverse and protective. Based on mater-
nal age and gestational age based on weeks, the results 
showed that an age below 30 years and a gestational age 
above 38 weeks aggravate the effect of HBV infection on 
the occurrence of preeclampsia, and the risk of preec-
lampsia is higher in these women (Table 3).

Preterm delivery
The third desired outcome in this meta-analysis was the 
estimation of the risk of premature delivery in pregnant 
women with HBV infection. The sample size was equal 
to 34,950,154 pregnant women in a total of 27 studies, of 
which 132,441 pregnant women were infected with hepa-
titis [21, 23, 25, 27–33, 35–38, 40–46, 48, 50–54]. These 
27 studies determined the relationship between the pres-
ence of HBV infection and the occurrence of premature 
birth. The highest and lowest effect sizes reported in 
these studies are respectively related to the study of L. 
Reddick K. et  al. (RR: 2.33; 95% CI 1.99–2.73) and the 
study of B. Chen et al. (RR: 0.75; % 95 CI 0.63–0.89). After 
pooling the studies, the pooled RR for preterm delivery 
was 1.17. This means that the risk of premature delivery 
in pregnant women with HBV infection is 1.17 times that 
of healthy pregnant women (RR: 1.17; % 95 CI 1.14–1.20; 
I square: 94.32%; P value: 0.00) (Fig.  4). The analysis of 
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publication bias in this meta-analysis was performed 
using the Eggers test and reported in Table 3. Based on 
the results of this test, diffusion bias did not occur in the 
analysis and combination of studies to investigate the 
relationship between the presence of HBV infection and 
the occurrence of premature birth (B: − 0.72; SE: 0.883; P 
value: 0.417).

The results of the subgroup analysis in Table  3 
showed that the relationship between the presence 
of HBV infection and the occurrence of premature 
birth in pregnant women living in the United States 
(RR: 1.48; 95% CI 1.41–1.55; I square: 98.01%; P value: 
0.00) is greater than that in pregnant women living in 
Europe (RR: 1.27; % 95 CI 1.09–1.48; I square: 94.12%; 
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Fig. 2  Forest plot of the effect of Hepatitis B Virus on the risk of GDM in pregnant women
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P value: 0.00) and Asia (RR: 1.07; % 95 CI 1.04–1.10; I 
square: 85.47%; P value: 0.00). Based on maternal age 
and gestational age by week, the results showed that 
gestational age lower than 38 weeks aggravates the 
effect of HBV infection on the occurrence of premature 
birth, and the risk of premature birth is higher in these 
women (Table 3).

Other outcomes
Other outcomes examined in this meta-analysis included 
eclampsia, gestational hypertension, miscarriage, and 
neonatal death. The meta-analysis results showed that 
the risk of eclampsia in pregnant women with HBV infec-
tion was equal to 1.48 (RR: 1.48; 95% CI 0.95–2.29; I 
square: 0.00%; P value: 0.87), but it was not statistically 

Table 3  Meta-analysis of the effect of HBV on the risk of maternal outcomes based on continents, age, and gestational diabetes

Variables Categories No. study Pooled RR (% 95 CI) Heterogenity 
Assesment between 
sudies

Heterogenity 
Assesment 
between 
subgroup

Publication bias 
assesments

I2 (%) P value Q Q Pvalue B SE P value

PreEclampsia

 Overall pooled estimate 20 1.10 (1.04–1.16) 92.06 0.00 239.28 – – − 0.94 0.661 0.156

 Continent Europe 2 0.71 (0.55–0.92) 0.00 0.89 0.02 53.44 0.00

Asia 15 1.24 (1.17–1.32) 92.14 0.00 178.05

American 3 0.80 (0.72–0.90) 74.28 0.02 7.78

 Age  < 30 7 1.21 (1.10–1.34) 43.54 0.10 10.63 19.45 0.00

 > 30 4 0.82 (0.72–0.95) 11.69 0.33 3.40

 Gestational age  < 38 2 0.91 (0.75–1.12) 0.00 0.67 0.18 2.57 0.11

 > 38 8 1.09 (1.00–1.20) 80.20 0.00 35.35

GDM

 Overall pooled estimate 29 1.16 (1.13–1.18) 92.89 0.00 393.94 – – − 0.89 0.979 0.361

 Continent Europe 1 2.24 (1.76–2.85) – – – 108.08 0.00

Asia 24 1.11 (1.09–1.14) 91.58 0.00 273.13

American 4 1.54 (1.44–1.65) 76.44 0.01 12.73

 Age  < 30 13 1.12 (1.08–1.16) 94.80 0.00 249.95 1.29 0.26

 > 30 7 1.16 (1.11–1.21) 86.03 0.00 35.79

 Gestational age  < 38 3 1.38 (1.24–1.54) 65.84 0.05 5.85 14.62 0.00

 > 38 11 1.11 (1.07–1.14) 85.62 0.00 69.53

Preterm birth

 Overall pooled estimate 27 1.17 (1.14–1.20) 94.32 0.00 457.57 – – − 0.72 0.883 0.417

 Continent Europe 2 1.27 (1.09–1.48) 0.00 0.76 0.09 125.25 0.00

Asia 20 1.07 (1.04–1.10) 85.47 0.00 130.79

American 5 1.48 (1.41–1.55) 98.01 0.00 201.43

 Age  < 30 12 1.02 (0.97–1.06) 79.03 0.00 52.46 0.02 0.90

 > 30 6 1.02 (0.96–1.09) 85.73 0.00 35.03

 Gestational age  < 38 3 1.30 (1.17–1.45) 0.00 0.52 1.33 27.62 0.00

 > 38 8 0.95 (0.91–1.00) 74.05 0.00 26.97

Eclampsia

 Overall pooled estimate 3 1.48 (0.95–2.29) 0.00 0.87 0.28 – – − 0.58 1.749 0.7387

Gestationalhypertension

 Overall pooled estimate 15 0.83 (0.77–0.90) 12.78 0.31 16.05 – – 0.00 0.604 0.997

Eclampsia + PreEclampsia

 Overall pooled estimate 4 0.85 (0.82–0.89) 48.41 0.12 5.82 – – 1.60 0.700 0.0220

Abortion

 Overall pooled estimate 2 0.97 (0.71–1.33) 78.96 0.03 4.75 – – – – –

Neonatal death

 Overall pooled estimate 6 0.83 (0.67–1.03) 0.00 0.95 1.18 – – 0.22 0.711 0.755
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significant. If the risk of gestational hypertension (RR: 
0.83; % 95 CI 0.77–0.90; I square: 12.78%; P value: 0.31), 
miscarriage (RR: 0.97; % 95 CI 0.71–1.33; I square): 
78.96%; P value: 0.03), and neonatal death (RR: 0.83; % 
95 CI 0.67–1.03; I square: 0.00%; P value: 0.95) in preg-
nant women with HBV infection was less than one. These 
results are reported in the Additional file 1.

Discussion
The purpose of the present meta-analysis was to deter-
mine the relationship between HBV infection during 
pregnancy and the occurrence of pregnancy outcomes 
such as preeclampsia, premature birth, gestational dia-
betes, abortion, eclampsia, and hypertension during 
pregnancy. The results showed that the presence of HBV 
infection could increase the risk of adverse pregnancy 
outcomes such as preeclampsia, premature birth, gesta-
tional diabetes, abortion, eclampsia, and hypertension.

Preeclampsia can be considered one of the most com-
mon pregnancy complications in the last months of 
pregnancy (usually from the 20th week of pregnancy to 
7 days after delivery), which is observed in 5% of preg-
nant women. Preeclampsia has no specific symptoms and 
is dangerous for the fetus and the mother. The contrac-
tion of blood vessels causes this disease and, as a result, 
leads to an increase in blood pressure and a decrease in 
blood flow in fetal organs such as the liver, kidney, and 
brain. This reduction in blood flow in the uterus leads to 
problems for the fetus, such as reduced growth, reduced 
amniotic fluid, etc. The current meta-analysis showed 
that the presence of HBV infection could increase the 
risk of preeclampsia in pregnant women by 10% com-
pared to pregnant women without HBV infection. Meta-
analysis studies are conducted to determine the more 
accurate and error-free effect and relationship between 
two important factors. These studies can control many 
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Fig. 3  Forest plot of the effect of Hepatitis B Virus on the risk of preeclampsia in pregnant women
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possible errors in the relationship between exposure and 
the desired outcome. The important point in studying the 
relationship between the presence of HBV infection and 
the occurrence of preeclampsia in pregnant women was 
the difference in the pathophysiology and epidemiology 
of preeclampsia and HBV infection in early studies con-
ducted in the world. In addition, the statistical population 
and method of care for each of these conditions differed 
in these studies. Other infections, such as parasitic, viral, 

and bacterial infections, may have a significant impact on 
the incidence and prevalence of pre-eclampsia in preg-
nant women, and the presence of other blood-borne 
and sexually transmitted infections, particularly hepati-
tis C and HIV/AIDS, may also increase susceptibility to 
HBV infection. As a result, it is likely that the presence of 
these conditions and other infections predisposes women 
to pre-eclampsia, with HBV acting only as an aggravat-
ing or enabling factor [23, 25, 28, 55, 56]. This factor was 
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one of the main reasons for the high heterogeneity in the 
analysis of the relationship between the presence of HBV 
infection and the occurrence of preeclampsia.

Subgroup analyses in determining the relationship 
between HBV infection and the occurrence of preec-
lampsia in pregnant women showed that the risk of infec-
tion is higher in Asian women. This result confirmed 
the difference in the effect of HBV on the occurrence of 
preeclampsia in different geographical regions, because 
in other regions such as Europe or America, the rela-
tionship between HBV infection and the occurrence of 
preeclampsia was an inverse or protective relationship. 
The main reason for this is the difference in culture, the 
way services related to prenatal care before, during, and 
after pregnancy are provided and received, and, most 
importantly, the prevalence of other infections that are 
effective in Asian countries or other locations. Finally, 
there are plausible reasons in clinical texts for the associ-
ation between HBV and the development of pre-eclamp-
sia. In general, HBV infection has been associated with 
an increased risk of atherosclerosis in pregnant women 
[56–60]. Furthermore, preeclampsia (marked by mater-
nal endothelial dysfunction) may result in an imbalance 
of angiogenic, anti-angiogenic, and proangiogenic sub-
stances such as vascular endothelial growth factor [55, 
61–65]. According to previous research, there is a consid-
erable link between HBV infection and insulin resistance, 
thrombocytopenia, obesity, and kidney damage or pro-
teinuria [66–68]. The interplay of these illnesses and HBV 
could explain the link between HBV and preeclampsia.

In the present meta-analysis, results showed that the 
presence of HBV infection increases the risk of gesta-
tional diabetes in pregnant women by 16% compared to 
women without HBV infection. Also, the risk of devel-
oping gestational diabetes in Asian women with HBV 
infection was lower than that of American women. This 
difference can be attributed to the importance of the 
issue of pregnancy and the difference in receiving services 
related to gestational diabetes screening in the Asian 
region and Asian countries. In addition, the different diet 
(especially in Southeast Asian regions) and the way of 
doing physical activity can be considered other reasons 
for this difference [69, 70]. Another point that can justify 
this relationship between Asian pregnant women is the 
difference in the prevalence of HBV infection in different 
regions, especially in different Asian and American coun-
tries [71, 72]. Of course, the various studies conducted 
in this field and the results of this meta-analysis confirm 
the fact that to more accurately determine the relation-
ship between HBV infection and the occurrence of ges-
tational diabetes, there is a need to conduct more studies 
taking into account the prevalence of HBV, the presence 
of chronic disease, and the background another is genetic 

factors and environmental factors such as nutritional and 
non-nutritive behaviors (smoking, alcohol, unprotected 
sex, etc.) [37, 73, 74]. An important factor that needs to 
be investigated in this connection is the body mass index 
of pregnant women, which can disrupt the relationship 
between HBV infection and the occurrence of gestational 
diabetes as an important confounding factor. In addition, 
the presence of other factors, such as high blood pres-
sure, can also be one of the other factors influencing the 
relationship between HBV infection and the occurrence 
of gestational diabetes. These causes can be related to 
the occurrence of pre-eclampsia, metabolic syndrome, 
and then GDM [18, 28, 75, 76]. The current meta-anal-
ysis used a search technique that lasted through Febru-
ary 2023, and all retrieved studies were examined and 
screened. The inclusion of a defined selection of cohort 
studies, as well as the consideration of a specific time 
span for analysis and reporting, distinguishes this meta-
analysis from review studies. Because the goal of this 
meta-analysis was to look at the relationship between 
hepatitis B infection and pregnancy outcomes, cohort 
studies were deemed the best primary research design for 
determining the relationship without taking into account 
interventions. This was one of the most significant dis-
tinctions between this meta-analysis and earlier research. 
In contrast, previous meta-analyses did not include all 
pregnancy outcomes. The outcomes of gestational dia-
betes and preterm birth were not included in the study 
by Karamati et  al. [77], and the outcomes of gestational 
diabetes, pre-eclampsia, preterm birth, and miscarriage 
were not included in the analysis and review by Oliviera 
et  al. [78] These outcomes were evaluated and analyzed 
in the current meta-analysis.

The important point of this meta-analysis was to esti-
mate the effect size with high accuracy. Although the 
degree of heterogeneity in the estimated effect size was 
high, this degree of heterogeneity was indicative of 
statistical heterogeneity as determined by the I square 
index and Cochrane’s Q test. The important point was 
the absence of clinical heterogeneity or its presence at 
an acceptable level, which is interpreted by the esti-
mated confidence intervals. All the confidence intervals 
obtained for the desired relationships in the present 
meta-analysis were narrow, which indicated high pre-
cision in the analysis. On the other hand, the narrow 
confidence interval is one of most important items in 
clinical interpretation and clinical justification of com-
munication. For example, to determine the relation-
ship between HBV infection and gestational diabetes, 
the estimated effect size was 1.16 with a confidence 
interval of 1.13 to 1.18. Despite the heterogeneity rate 
of 92.7%, the calculated confidence interval is very nar-
row, which indicates the existence of a sufficient sample 
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and number of studies to determine the relationship 
and confirms the accuracy of the calculated relation-
ship. Another strength of the present meta-analysis 
was the subgroup analysis based on the variables of 
geographic regions, gestational age, and the age of the 
pregnant mother, which to some extent, shows the role 
of confounding and other influencing variables in the 
relationship between HBV infection and pregnancy 
outcomes. The results of this meta-analysis can be very 
effective in developing or updating clinical guidelines.

One of the weaknesses or limitations of the present 
meta-analysis is the failure to perform subgroup analy-
ses based on important variables such as body mass 
index, the presence of other infections (HIV/AIDS, 
hepatitis C infection), other underlying diseases (hyper-
tension, genetics) pointed out that due to the lack of 
reporting of primary studies in their results, they were 
not included in the results of the present meta-analysis. 
We suggest that future studies be conducted to deter-
mine the relationship between HBV infection and the 
occurrence of pregnancy outcomes by considering 
these variables.

Conclusion
This meta-analysis found that hepatitis B infection dur-
ing pregnancy may be associated with an increased risk 
of gestational diabetes, preterm delivery, pre-eclamp-
sia, and eclampsia. However, confirmation of this 
association, as well as the specific biological pathways 
involved in the association between HBV infection and 
pregnancy outcomes, requires further investigation. As 
a result, it is crucial to enhance programs and health-
care services for women in society, focusing on the 
promotion of screening, care, and treatment programs 
for infectious diseases, particularly HBV. These efforts 
should be implemented across various communities, 
with particular emphasis on developing societies.
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