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Strengths and limitations of this study

►► The breadth of the comprehensive systematic litera-
ture search is a strength of this study.

►► To our knowledge, this is the first meta-analysis of 
the association between ABO blood groups and HBV 
infection.

►► Although we performed subgroup analyses, the 
heterogeneity cannot be ignored because few pub-
lished studies described the related risk factors of 
HBV infection in detail.

Abstract
Objective  Hepatitis B virus (HBV) infection is a major 
public health problem worldwide. Several studies have 
reported that ABO blood groups may be associated with 
HBV infection. However, its association is still controversial. 
We performed a meta-analysis to investigate whether ABO 
blood groups were associated with HBV infection.
Design  Systematic review and meta-analysis.
Data sources  Relevant studies available before 1 
December 2019 were identified by searching PubMed, 
EMBASE, Web of Science, ScienceDirect and the Cochrane 
Library.
Eligibility criteria  All cross-sectional or cohort studies 
from which the data of ABO blood group distribution and 
HBV infection could be extracted.
Data extraction and synthesis  Studies were identified 
and extracted by two reviewers independently. Risk ratios 
(RRs) and 95% CIs were pooled by random-effect models 
to quantify this association.
Results  Thirty-eight eligible articles including 241 868 
HBV-infected subjects and 6 487 481 uninfected subjects 
were included. Overall, the risk of HBV infection had 
decreased by 8% in subjects with blood group B when 
compared with non-B blood group (RR=0.92, 95% CI 0.86 
to 0.98). In the subgroup analyses, the inverse relationship 
between blood group B and HBV infection remained 
stable in higher endemic areas (HBV prevalence ≥5%), 
Asian people, larger sample size studies (≥2000), general 
population and blood donors, lower middle income group 
and studies published before the year 2010. Additionally, 
subjects with blood group O had a 12% increased risk of 
HBV infection (RR=1.12, 95% CI 1.01 to 1.24) in higher 
endemic areas. In the sensitivity analysis, the pooled risk 
estimates of blood group B and HBV infection were still 
stable.
Conclusions  Our data suggested that the blood group B 
was associated with a lower risk of HBV infection. More 
research is needed to clarify the precise role of the ABO 
blood group in HBV infection to address the global question 
of HBV infection.

Introduction
Hepatitis B virus (HBV) infection is a major 
public health problem worldwide,1 especially 
in Africa and the Western Pacific region.2 
According to the global hepatitis report in 
2017, it is estimated that 257 million people, 
3.5% of the general population, are living 

with HBV infection worldwide with about 
0.88 million deaths caused by complications 
of chronic HBV infection every year.2 HBV 
infection has caused a high societal burden 
globally.1 2

The ABO blood group system, the most 
extensively investigated erythrocyte antigen 
system,3 is widely used in clinical practice, 
and influences the host susceptibility.4 5 As 
an easily accessible factor in an individual’s 
genetic makeup, ABO blood groups have 
been statistically and biologically associated 
with many chronic diseases such as vascular 
disease,6 coronary heart disease7 and tumor-
igenesis.3 4 8 For instance, by expressing on 
N-glycans of von Willebrand factor (VWF), 
ABH antigens (H antigen is the biosynthetic 
precursor to A and B antigens)5 impact 
the half-life of VWF, so VWF survival in O 
subjects is significantly shorter versus in 
non-O subjects.9–11 Therefore, because of 
the lower VWF levels, O subjects have lower 
risk of venous thromboembolism.10 Recently, 
a meta-analysis also found that patients with 
hepatocellular carcinoma (HCC) might 
have a lower proportion of O subjects than 
healthy subjects.12 Meanwhile, the associa-
tion between ABO blood groups and host 
susceptibility to infectious diseases (such as 
Helicobacter pylori, Plasmodium falciparum, HIV, 
etc) has been shown in several studies.5 13 
Previous studies have found that this associa-
tion is because ABO antibodies are part of the 
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innate immune system against some bacteria, parasites 
and enveloped viruses,5 and blood antigens are important 
as receptors for immune and inflammation responses,14 15 
which means that a biological association between ABO 
blood groups and HBV infection probably exists.

Epidemiological studies have explored the relationship 
between blood group and HBV infection, however, the 
results have been contradictory. Lao et al16 found that 
HBV prevalence was lower in blood group B (9.6%) and 
AB (9.1%), but higher in blood group O (10.2%). Liu 
et al17 suggested that blood group O was associated with 
increased HBV infection. Mohammadali et al18 found 
that the percentage of the hepatitis B surface antigen 
(HBsAg) was lower in donors with blood group O. 
However, Szmuness et al19 20 and Behal et al21 failed to find 
a link between blood group and HBV infection. Thus, 
controversy remains with regard to whether blood group 
is related to HBV infection and which antigen is a protec-
tive or a risk factor. We performed a systematic review and 
meta-analysis to elucidate the association between ABO 
blood groups and HBV infection risk to provide evidence 
on improving blood safety and preventing HBV infection, 
which can help to achieve the target of eliminating HBV 
as an international public health challenge.22

Materials and methods
Data sources and search strategy
Two reviewers (SZ and WJ) searched independently for 
articles, which were available online before 1 December 
2019, from five databases including PubMed, EMBASE, 
Web of Science, ScienceDirect and Cochrane Central 
using the following keywords: ‘hepatitis B’ OR ‘hepatitis B 
virus’ OR ‘HBV’ OR ‘HBsAg’ and ‘blood type’ OR ‘blood 
group’ OR ‘ABO’ OR ‘Rh’ OR ‘rhesus’. Meanwhile, 
highly relevant reference articles were also searched by 
reviewing the list of references. There was no limitation 
of language or region. The full electronic search strategy 
for PubMed is shown in online additional file 1.

Inclusion and exclusion criteria
Articles were included in the meta-analysis if: (1) The 
article was a cross-sectional or cohort study. (2) The data 
of the ABO blood group distribution and HBV infection 
could be extracted to calculate the risk ratio (RR), which 
meant that the numbers of HBV-infected and uninfected 
subjects were reported in each blood group. The exclusion 
criteria were as follows: (1) The article was not relevant 
to the subject of the study (animal experiments, patho-
logical researches, molecular researches). (2) Reviews. 
(3) Overlapped studies, where if studies overlapped, we 
only included the last published. (4) Duplicated studies, 
where if the same study was found in different databases, 
we only included the article once.

According to the inclusion and exclusion criteria, 
studies were identified by two reviewers (SZ and WJ) 
independently. Discrepancies were solved by consensus 
or decided by a third reviewer (JL).

Data extraction and quality assessment
According to the piloted forms, four main parts of 
the information were extracted independently by two 
reviewers (SZ and WJ) from the selected studies: (1) The 
basic information of the studies including first author, 
publication year, journal, survey time, study design. (2) 
The characteristics of the study population including 
country, income group, race, population type (eg, blood 
donors, patients, general population), sample size, the 
number of HBV-infected and uninfected subjects, age 
range, mean age, sex ratio. (3) The outcome measure: the 
number of HBV-infected and uninfected subjects in each 
ABO blood group. (4) The author’s general conclusions.

The quality of selected cohort studies was assessed using 
the Newcastle-Ottawa Scales (NOS) with a score ranging 
from 0 to 9.23 A score of 4–6 indicated moderate quality, 
and a score of 7–9 indicated high quality. The quality 
of the selected cross-sectional studies was assessed using 
an 11-item checklist recommended by the Agency for 
Healthcare Research and Quality (AHRQ)24 with a score 
ranging from 0 to 11. A score of 4–7 indicated moderate 
quality, and a score of 8–11 indicated high quality.

Statistical analysis
The main outcome was the prevalence of HBV infection 
(defined as HBsAg-positive) in our meta-analysis. The 
relationship between the ABO blood groups and HBV 
infection was quantified using RR values and the corre-
sponding 95% CIs. RRs and 95% CIs (A vs non-A, B vs 
non-B, O vs non-O, AB vs non-AB) were pooled by using 
random-effect models with the estimate of heteroge-
neity being taken from the Mantel-Haenszel model, and 
a value of p<0.05 was deemed significant. Between-study 
heterogeneity was evaluated with the I2 statistic. When I2 
≤50%, the included studies were considered to have little 
heterogeneity; when I2 >50%, the included studies were 
considered to have substantial heterogeneity.25

Subgroup analyses were performed by HBV preva-
lence, race, sample size, population, income group, study 
type and publication year. The prevalence of HBV infec-
tion was calculated in each study based on the number 
of HBV-infected and uninfected subjects. Studies were 
divided into Caucasian, Asian and African subgroups 
depending on the major national race and divided 
into high, upper-middle, lower-middle and low income 
groups according to the World Bank list of economies.26 
Sensitivity analyses were performed by excluding large 
sample sized studies orderly or at the same time, which 
dominated the results of the meta-analysis. Publication 
bias was evaluated by funnel plots and two-sided Egger’s 
tests, and a value of p<0.05 was deemed statistically 
significant. All statistical analyses were performed using 
STATA V.12.0.

Patient and public involvement
There was no direct patient or public involvement in this 
review.
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Figure 1  The process of study selection for the meta-analysis.

Results
Study selection and study characteristics
A total of 4486 articles (4476 from the database and 10 
from other sources) was searched, of which 1584 were 
duplicate results. After reading the abstracts, 2211 were 
deemed irrelevant and 3 reviews were excluded. After 
reading the full text, 650 articles were excluded, of which 
610 were irrelevant articles, and 40 studies provided insuf-
ficient information. Eventually, 38 eligible articles were 
included in the meta-analysis. A flow chart of study selec-
tion is shown in figure 1.

The basic characteristics of the selected studies are 
shown in table 1. All selected articles were observational 
studies and published between 1970 and 2019. A total of 
6487 481 subjects was included with 241 868 HBV-infected 
subjects and 6245 613 uninfected subjects. Among the 
Caucasian, Asian and African populations, there were 
23, 7 and 8 studies, respectively. In addition, there were 
7, 9, 18 and 4 studies in high income, upper middle 
income, lower middle income and low income groups, 
respectively. Furthermore, there were 14 studies in higher 
(HBV prevalence ≥5%) endemic and 24 studies in lower 
(HBV prevalence <5%) endemic areas. Meanwhile, there 

were 37 cross-sectional studies and 1 cohort study in the 
meta-analysis.

The HBV infection prevalence in the 38 eligible arti-
cles ranged from 0.11% to 46.84%, and the HBV infec-
tion prevalence of blood groups A, B, AB, O ranged from 
0.11% to 45.71%, 0.08% to 52.00%, 0.00% to 33.33% and 
0.12% to 45.88%, respectively. The results of the quality 
assessment are shown in online additional file 2, with 15 
high quality studies and 23 moderate quality studies. The 
score of the 37 articles assessed by AHRQ ranged from 3 
to 9, while 14 of them were of high quality with a score 
from 8 to 9, and 23 of them were of moderate quality with 
a score from 4 to 7 (online supplementary table S1–1). 
The article assessed by the NOS scored 7 and was of high 
quality (online supplementary table S1–2).

Main, subgroup and sensitivity analyses
Overall, the risk of HBV infection had decreased by 8% 
in subjects with blood group B when compared with 
the non-B blood group (RR=0.92, 95% CI 0.86 to 0.98). 
However, blood groups A, O and AB were not signifi-
cantly associated with an HBV infection risk (table 2). The 
results of the subgroup analyses were shown in table 2. In 
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the subgroup analyses, the relationship between blood 
group B and HBV infection remained stable. The inverse 
relationship between blood group B and HBV infection 
was still observed in higher endemic areas (HBV preva-
lence ≥5%), Asian people, studies with larger sample sizes 
(≥2000), the general population and blood donors, the 
lower middle income group and articles published before 
the year 2010 (table 2).

In higher endemic areas, subjects with blood group B 
had a significantly lower risk of HBV infection (RR=0.90, 
95% CI 0.83 to 0.98) than the non-B blood group 
(figure 2A), while subjects with the blood group O had 
a significantly higher risk of HBV infection (RR=1.12, 
95% CI 1.01 to 1.24) than the non-O blood group 
(figure 2B). According to the race of the subjects, blood 
groups A and B were linked with decreased risk of HBV 
infection in the Asian population when compared with 
non-A and non-B groups, respectively (RR=0.98, 95% CI 
0.97 to 0.99; RR=0.91, 95% CI 0.86 to 0.97) (table  2). 
However, no association was found among the Caucasian 
or African populations. In the general population, blood 
group A, B and AB had a decreased risk of HBV infection 
compared with the non-A, non-B and non-AB groups, 
respectively (RR=0.98, 95% CI 0.96 to 1.00; RR=0.93, 
95% CI 0.87 to 0.99 and RR=0.89, 95% CI 0.88 to 0.90, 
respectively) (table 2).

In the sensitivity analysis, when the studies by Liu et al17 
and Mohammadali et al,18 which dominated the results of 
the meta-analysis, were orderly removed or both removed 
at the same time, the pooled risk estimates were still 
stable, showing that blood B was associated with a lower 
risk of HBV infection (table 2).

Publication bias
Funnel plots and Egger’s tests were performed to assess 
publication bias. No obvious evidence of publication bias 
was present for A versus non-A (figure 3A), B versus non-B 
(figure  3B) and O versus non-O (figure  3C) (p=0.148; 
p=0.223; p=0.364, respectively), while a publication bias 
of AB versus non-AB was observed (figure 3D) (p=0.002).

Discussion
To our knowledge, this was the first meta-analysis of the 
association between ABO blood groups and HBV infec-
tion. Our meta-analysis results suggested that blood 
group B was associated with a lower risk of HBV infection, 
which was observed in the subgroups and was still stable 
in sensitive analyses, giving supportive evidence that statis-
tical association and biological association between ABO 
blood groups and HBV infection probably exists.

As an infectious disease, aside from genetic suscepti-
bility factors, there is the question of whether exposure 
to the source of infection is directly related to the risk 
of infection. People living in higher endemic areas are 
at higher risk of exposure to HBV infection than those 
living in lower endemic areas, which might be the reason 
why the association between the ABO blood group and 
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Figure 2  Forest plots by prevalence: (A) B versus non-B. (B) O versus non-O.

Figure 3  Funnel plots: (A) A versus non-A. (B) B versus non-B. (C) O versus non-O. (D) AB versus non-AB.

HBV infection was only found in higher endemic areas 
but not in lower endemic areas. Additionally, this associ-
ation might be partly attributed to the regional factors, 
due to the high relevance between HBV endemic and 
regional health and economic development.

The universal hepatitis B vaccination programme, 
proposed by WHO, was implemented for newborns from 
1992. All the selected articles were published between 
1970 and 2019, which meant that even in the same 
country, the prevalence of HBV infection had changed 
significantly due to the increasing coverage of hepatitis 

B vaccination. However, not enough information could 
be extracted from previous studies for comparing the 
pooled association of ABO blood groups and HBV infec-
tion between the vaccinated and unvaccinated groups. To 
partially examine the impact of hepatitis B vaccination 
on the results, we did subgroup analyses according to 
the publication year before and after 2010. Subjects in 
the selected articles were mainly over 18 years old. Thus, 
subjects in articles published after 2010 were more likely 
to be vaccinated at the time of birth, while subjects were 
mostly not vaccinated at birth in the articles published 
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before 2010. We observed the association of blood group 
B and HBV infection in the articles published before 
2010 rather than after 2010. The gradual establishment 
of an HBV immune barrier in the population may affect 
the occurrence of the relationship between ABO blood 
groups and HBV infection.

Our results found that subjects with blood group O were 
at higher risk of HBV infection than non-O blood group 
subjects in higher endemic areas, which was consistent 
with some previous studies by Lao et al,16 Liu et al17 and 
Abate et al.27 That means more measures should be taken 
to ensure blood safety of the ‘universal’ blood group O 
population in high endemic areas because of the large 
unvaccinated population among the main blood donors 
in the current era and the window period for detection 
among the HBV-infected blood donors.17 However, this 
relationship was unobserved in other subgroup analyses, 
so whether this relationship is true remains to be further 
explored. Interestingly, our result that blood group B was 
associated with a lower risk of HBV infection compared 
with the non-B blood group was reported explicitly by few 
other studies, possibly because of the different analysis 
methods, such as the different reference of blood group 
in analysis.

However, the study by Mohammadali et al,18 with the 
second largest sample size, reported that HBV infection 
was lower in blood group O donors, in contrast to the 
study with the largest sample by Liu et al,17 probably due 
to the different HBV prevalence, geography and ethnicity. 
Our meta-analysis was inconsistent with a recent meta-
analysis which found that patients with HCC might have a 
lower proportion of blood group O subjects than healthy 
subjects.12 The possible explanation for the inconsistence 
is the long-term and complicated process from HBV infec-
tion to the occurrence of HCC. To examine the reliability 
and stability of the results, we orderly removed the study 
by Liu et al17 or Mohammadali et al,18 as well as removed 
both of them at the same time. In the sensitivity analysis, 
the relationship between blood group O and HBV infec-
tion might be unstable. However, the inverse relationship 
between blood group B and HBV infection was extremely 
stable. Therefore, we still think these findings are worthy 
of consideration due to the subgroup analyses, the sensi-
tivity analyses and the relatively conservative random 
effects model.

Although the precise role that ABO blood groups 
play in host susceptibility and HBV infection has yet to 
be clarified,17 associations have been observed that are 
most likely related to the altered immune response16 
and systemic inflammatory response,15 which are associ-
ated with different blood group phenotypes. A previous 
study has reported that the appearance of intestinal alka-
line phosphatase in the plasma was associated with ABO 
blood group and secretor status, which might be due to 
genetically determined variations in the proportion of 
isoenzymes among the different blood types.28 Our study 
may indicate that a specific histo-blood group antigen 
may be a natural resistance factor for HBV infection, and 

that probably provides clues for correlative fundamental 
research of aetiologies and novel therapeutic targets for 
HBV. Further studies are warranted to elucidate the asso-
ciation between blood groups and HBV infection, and 
the way the blood type influences the process of HBV 
infection.

Meanwhile, several limitations need to be considered. 
First, although we performed subgroup analyses, analyses 
of previous studies have revealed that the heterogeneity 
cannot be ignored. Second, the analysed studies lacked 
basic information on the ethnicity data and the preva-
lence of different HBV genotypes. Third, few published 
studies on the association between HBV infection and 
blood group have controlled HBV infection related risk 
factors such as family history of HBV infection, age group, 
blood transfusion and acupuncture, thus we were not 
able to conduct the corresponding subgroup analyses.

In conclusion, blood group B is associated with a lower 
risk of HBV infection. In future, more research is needed 
to clarify the precise role of blood group ABO in HBV 
infection to address the global issue of HBV infection.
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