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Abstract

Background: Interleukin (IL) 28B polymorphisms encoding pro-inflammatory and anti-inflammatory cytokines
trigger diverse clinical outcome of hepatitis virus infection. However, there is controversy concerning the
association of IL28B polymorphisms with the outcome of hepatitis B virus (HBV) infection, with several studies
obtaining inconsistent results. We performed a meta-analysis to evaluate the role of 3 single nucleotide
polymorphisms (SNPs) rs12979860, rs12980275 and rs8099917 in the progression of HBV infection, overall and by
ethnicity.

Methods: Searched PubMed, Embase and Wiley Online Library electronic databases using ‘interleukin 28B’, ‘IL 28B’,
‘IL 28B polymorphism’, ‘hepatitis B virus’, ‘HBV’, and performed meta- analysis for rs12979860, rs12980275 and
rs8099917 in Asian and Caucasian populations under the dominant recessive and allele model.

Results: Eighteen studies were found in total and used for this meta-analysis, including 5587 cases and 4295
controls. The IL28B polymorphism rs12979860 had no association with HBV persistence (CC vs CT + TT: OR = 0.86,
95% CI = 0.76–1.00; TT vs CT + CC: OR = 1.14, 95% CI = 0.76–1.70; T vs C: OR = 1.03, 95% CI = 0.94–1.13). Similarly,
neither rs12980275 nor rs8099917 had associations with HBV persistence (rs12980275 in AA vs AG + AA: OR = 1.15,
95% CI = 0.96–1.38; rs8099917 in TT vs GT + GG: OR = 1.15, 95% CI = 0.96–1.39). There was also no significant
association of IL28B polymorphisms with persistent HBV infection in Asians or Chinese. There was no evidence of an
association of rs12979860 with the HBV-related hepatocellular carcinoma susceptibility (T vs C: OR = 1.53, 95% CI =
0.96–2.43).

Conclusion: IL28B polymorphisms had no association with the outcome of HBV infection overall, nor in the Asians
and the Chinese. These 3 SNPs might not be relevant to the development of HBV infection.

Keywords: Interleukin 28B polymorphisms, Persistent HBV infection, Hepatitis B virus-related hepatocellular
carcinoma, Meta-analysis
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Background
Hepatitis B virus (HBV) is a serious public health
issue which contributes to the global burden of dis-
ease. According to the World Health Organization,
HBV claimed 887,000 lives in 2015 and resulted in
257 million chronic carriers in 2017 [1]. Moreover,
approximately 2.7 million chronic carriers are also in-
fected with human immunodeficiency virus (HIV) be-
cause HBV and HIV can both be transmitted by
unprotected sex and injection drug use [2], living
conditions that preclude access to running water [3],
as well as from mother to child during pregnancy and
birth [4]. Approximately 2 million disability-adjusted
life-years (DALYs) are attributed to HBV infection
[5]. However, the global burden of chronic HBV is
unequally distributed by region. Incidence is high in
Africa and Asia, and the endemic high prevalence of
HBV and hepatitis C virus (HCV) infection is attrib-
uted to persistent infection [6]. HBV infection con-
tributes a greater burden of disease in many
developing countries. A safe and effective vaccine has
been available since the 1980s, however, vaccination
strategies differ from country to country due to cost
[7]. It is still a great challenge for developing coun-
tries to prevent HBV infection.
HBV is a contagious liver disease that can be acute or

chronic. Some people who get HBV recover completely
from the acute illness, while others may develop a lifelong
infection, which increases the risk of liver cirrhosis, liver
failure and hepatitis hepatocellular carcinoma (HHC).
HCC is the third leading cause of cancer death globally
[8], and 78% of HCC is attributed to HBV or HCV [5].
The natural history of HBV infection varies from spontan-
eous recovery post-infection, to chronic asymptomatic
carrier, to decompensated cirrhosis and liver cancer [9].
However, the underlying biological mechanisms that in-
duce the different outcomes of HBV infection remain to
be discovered, and hopefully exploited as a target of inter-
vention or incorporated into a risk prediction tool.
Cytokines and regulatory molecules made a major con-

tribution to the immune-pathogenesis of HBV infection.
The cytokine Interferon-λ3 (IFN-λ3) coded by interleukin
(IL) 28B polymorphisms has an anti-viral effect and could
impede the HBV replication in hepatocyte cell lines. In re-
cent years, several genome-wide association studies
(GWAS) indicate the 3 single-nucleotide polymorphisms
(SNPs) rs12979860 C/T, rs12980275 A/G and rs8099917
T/G, located on IL28B are associated with liver diseases
[10, 11]. Furthermore, IL28B polymorphisms predict the
serological response to Pegylated interferon-α (PEG-IFN-
α) in terms of HBeAg sero-conversion that relate to HBV
infection [12]. The association of genotypic variations in
IL28B with HBV infection suggests a potential therapeutic
target.

Currently, associations of IL28B with HBV infection are
not completely consistent. For instance, the SNP
rs12979860 was reported to be strongly related to HBV
persistence under the allelic and dominant models [13].
Conversely, Song found there was no association of
rs12979860 with the outcome of HBV infection [14]. In
addition, several studies suggest a strong association of the
IL28B gene with the HBV/HCV-induced HCC [15–17].
Nevertheless, few studies have specifically explored the rela-
tionship of the IL28B gene with HBV-related HCC.

Methods
Search strategy
We followed the PRISMA guidelines to perform this sys-
tematic review and meta-analysis. A systematic research
of PubMed, Embase, Wiley Online Library databases was
made with restriction to the English language from Janu-
ary 1, 2010 to June 1, 2018. The search terms included
‘interleukin 28B’, ‘IL 28B’, ‘IL 28B polymorphism’, and
these terms in combination with ‘hepatitis B virus’ or
‘HBV’. Reference lists of the identified studies were also
searched manually for additional eligible studies.

Selection criteria
The inclusion criteria were as follows: (i) studies of per-
sistent HBV infection patients, i.e. chronic carriers with
chronic hepatitis or liver cirrhosis or hepatocellular car-
cinoma as cases, and healthy participants without HBV
infection or HBV recovered patients as controls; (ii)
studies with precise IL28B genotypes in case and con-
trols; (iii) studies providing odds ratios (OR) and 95%
confidence intervals (CI) for the dominant model (CC vs
CT + TT for rs12979860; AA vs AG +GG for
rs12980275; TT vs GT +GG for rs8099917), recessive
model (TT vs CT + CC for rs12979860; GG vs AG +AA
for rs12980275; GG vs GT + TT for rs8099917), and al-
lelic model (T vs C for rs12979860; G vs A for
rs12980275; G vs T for rs8099917); (iv) case-control
study design; (v) diagnosis of chronic HBV carriers based
on seropositive results for hepatitis B surface antigen
(HBsAg) for more than 6months; diagnosis of HBV re-
covery based on seropositive results for hepatitis B core
antibody (anti-HBc) and hepatitis B surface antibody
(anti-HBs) without HBsAg for at least 6 months. The ex-
clusion criteria were: (i) studies lacking healthy controls
or HBV recovered controls; (ii) studies with inaccurate
or insufficient information on IL28B genotypes and the
genetic models of interest; (iii) studies not designed as a
case-control study; (iv) studies including participants
testing positive for antibodies against HCV and HIV.

Data extraction and quality assessment
We reviewed and identified all relevant publications ac-
cording to the selection criteria, and extracted all available
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data for the eligible studies. The extracted information for
each study included: name of the first author, year of pub-
lications, country of origin, ethnicity, SNP, number of ge-
notyped cases and controls, and P-value derived from
Hardy-Weinberg equilibrium (HWE) in controls.
The quality of each study was evaluated based on the

Newcastle-Ottawa Scale (NOS), and 7–9 stars was per-
ceived as high quality [18]. The appraisal items included
factors, such as the comparability and representativeness
of participants; ascertainment method of exposure; as-
certainment method of cases and controls.

Statistical analysis
We assessed the association of IL28 polymorphisms
rs12979860, rs12980275, rs8099917 with persistent HBV
infection from which we reported ORs and 95% CIs from
3 genetic models. We also compared HCC patients as
cases with healthy controls or recovery controls, used ORs
and 95% CIs derived from the allelic model to examine
the association of rs12979860 with the occurrence of
HBV-related HCC. Stratified analysis was performed by
ethnicity. Heterogeneity between studies was assessed by

the chi-square-based Cochran’s Q-test and Higgins (I2)
statistics, and the significance level was set at P = 0.1. Se-
quential omission of individual studies was conducted as a
sensitivity analysis to test the heterogeneity. The impact of
the 3 SNPs throughout meta-analysis was combined using
a fixed-effects model (P ≥ 0.1 and I2 ≤ 0.25) and a random-
effects model (P < 0.1 or I2 > 0.25). Visual inspection of
asymmetry in the funnel plot was used to assess publica-
tion bias. Furthermore, Begg’s test and Egger’s test were
also performed as a sensitivity analysis to examine publi-
cation bias. A P-value < 0.05 indicated publication bias
was significant across studies. Trim and fill analysis was
also conducted as a sensitivity analysis to diagnose publi-
cation bias in this meta-analysis. The statistical analysis
was conducted by using R software, Version 3.3.3.

Results
Study characteristics
The study selection and inclusion process are illustrated
in Fig. 1. A total of 389 publications were identified by
the search, and 62 duplicates were removed based on
title, author and journal information. This gave 327

Fig. 1 Flow-chart of literature search. HBV: hepatitis B virus; IL28B: interleukin 28B
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papers for detailed assessment from which 266 publica-
tions were excluded. Among those excluded articles, 179
publications focused on HCV infection rather than
HBV; 47 publications lacked precise information on
genotype; 28 publications lacked relevant HBV infection
outcome and 12 publications were meta-analysis. The
remaining 61 publications were assessed based on the
above selection criteria, and 42 were excluded. Among
them, 28 publications concentrated on interferon-α
treatment, 8 publications recruited co-infected partici-
pants, and 6 publications were cohort studies. Finally, 18
full published studies were included in this systematic
review and meta-analysis after this screening.
These 18 publications (Table 1) were published from

2010 to 2017, with the language restricted to English.
There were 11 studies in Asia populations including
Chinese Han, Korean and Thais, and the other 8 studies
focused on other groups including American, Iranian,
Italian, Spanish, Saudi Arabian and Turkish. All studies
used persistent HBV infection patients as cases, and
used healthy participants or patients recovered from
prior HBV infection as controls. The 3 SNPs were geno-
typed using PCR, PCR-RELP or TaqMan assays. Minor
allele frequencies of these 3 SNPs in Asians were signifi-
cantly lower than those of the Caucasians (Additional
file 1). All studies were hospital-based or population-
based case-control studies. In total the 18 studies had
5587 cases and 4295 controls. There were 15 studies
comprising 4913 cases and 3865 controls that consid-
ered rs12979860 C/T; 8 studies comprising 3765 cases
and 2506 controls that considered rs12980275 A/G; and
11 studies comprising 3912 cases and 2900 controls that
considered rs8099917 T/G. The distribution of geno-
types in the controls of all studies was in agreement with
HWE except for the study of Ren S [19]. The median
NOS score of these studies was 7, and all studies had a
high methodological quality according to NOS score. As
shown in Table 1, 12 studies obtain 7 stars and 6 studies
obtain 8 stars. Majority of the 8-star publications had
well-matched cases and controls for gender, HBV copies
and other relative factors. The common of most 7-star
publications was that their data sources were mainly
from the hospital, which might also lead to selection
bias. In addition, some of them failed to fulfill the stand-
ard of comparability, i.e. study controls lack of descrip-
tion on matching for an additional factor.

Association of IL28B polymorphisms with HBV persistence
The association between IL28B polymorphisms and
HBV infection are shown in Fig. 2. There was no associ-
ation of the SNP rs12979860 with the risk of HBV per-
sistence based on the allelic model (T vs C: OR = 1.03,
95% CI = 0.94–1.13, P = 0.53), the dominant model (CC
vs CT + TT: OR = 0.86, 95% CI = 0.76–1.00, P = 0.05), or

the recessive model (TT vs CT + CC: OR = 1.14, 95%
CI = 0.76–1.70, P = 0.53). As few studies provided suffi-
cient information on rs12980275 and rs8099917, these 2
SNPs were only considered in a dominant model. There
was no association of these genotypes with HBV persist-
ent infection (rs12980275 in AA vs AG +GG: OR = 1.15,
95% CI = 0.96–1.38, P = 0.17; rs8099917 in TT vs GT +
GG: OR = 1.00, 95% CI = 0.83–1.20, P = 0.99).
Subgroup analysis was performed for Asian and Chinese

populations. There was no evidence that IL28B polymor-
phisms (rs12979860, rs12980275 and rs8099917) were asso-
ciated with persistent HBV infection in Asian or Chinese
populations. For Asians, rs12979860 had no association
with HBV infection in the allelic, dominant or recessive
model (T vs C: OR = 1.01, 95% CI = 0.87–1.17, P = 0.86; CC
vs CT+TT: OR= 0.83, 95% CI = 0.68–1.00, P = 0.05; TT vs
CT+CC: OR= 0.76, 95% CI = 0.27–2.17, P = 0.61). SNPs
rs12980275 and rs8099917 also had no association with
HBV infection in Asians using a fixed-effects model
(rs12980275 in AA vs AG+GG: OR= 1.00, 95% CI = 0.84–
1.20, P = 0.99; rs8099917 in TT vs GT+GG: OR= 0.90,
95% CI = 0.75–1.09, P = 0.28). In Chinese, none of these 3
SNPs were associated with HBV persistence (rs12979860 in
T vs C: OR = 1.07, 95% CI = 0.95–1.21, P = 0.25; CC vs
CT+TT: OR= 0.84, 95% CI = 0.69–1.02, P = 0.10; TT vs
CT+CC: OR= 0.56, 95% CI = 0.17–1.87, P = 0.35;
rs12980275 in AA vs AG+GG: OR = 0.98, 95% CI = 0.80–
1.22, P = 0.89; rs8099917 in TT vs GT+GG: OR= 0.87,
95% CI = 0.71–1.08, P = 0.28) (Table 2).

Association of IL28B polymorphism rs12979860 with HBV-
related HCC
HBV-related HCC is the most serious consequence
of persistent HBV infection [35]. In order to explore
the disease outcome-specific association with genetic
factors, we further investigated the association of
IL28B polymorphisms with the risk of HBV-related
HCC. However, few studies provided sufficient in-
formation on that, hence We only assess the associ-
ation of rs12979860 C/T with the development of
HBV-related HCC in the allelic model. As shown in
Fig. 3, 7 studies comprising 3019 cases and 2486
controls were included in this meta-analysis. A
random-effects model was used to estimate the as-
sociation of the rs12979860 polymorphism with the
risk of HCC in HCC patients and healthy controls
(HC) or recovered controls (RC). No significant as-
sociation was observed of the SNP rs12979860 with
HBV-related HCC susceptibility (T vs C: OR = 1.14,
95% CI = 0.80–1.63). Subgroup analysis was per-
formed for Asians population, but rs12979860 had
no significant association with the development of
HBV-related HCC (T vs C: OR = 1.01, 95% CI =
0.60–1.71).
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Fig. 2 Forest plots of association between IL28B polymorphisms and HBV persistence. a Overall analysis and subgroup analysis of rs12979860
under the allelic model. b Overall analysis and subgroup analysis of rs12979860 under the dominant model. c Overall analysis and subgroup
analysis of rs12979860 under the recessive model. d Overall analysis and subgroup analysis of rs12980275 under the dominant model. e Overall
analysis and subgroup analysis of rs8099917 under the dominant model
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Table 2 Overall meta-analysis of the association of IL28B polymorphisms with persistent HBV infection

SNP Model Ethnicity Studies
Number

OR Heterogeneity Publication bias ORS

OR (95% CI) POR I2 (%) PH M PBegg PEgger

rs12979860 Allelic Total 11 1.03 (0.94, 1.13) 0.528 24.6 0.210 F 0.010 0.015 1.06 (0.97, 1.17)

Asian 7 1.01 (0.87, 1.17) 0.863 33.1 0.175 R 0.069 0.032 1.07 (0.96, 1.21)

Chinese 5 1.07 (0.95,1.21) 0.245 0.0 0.476 F 0.233 0.237 Not necessary

Dominant Total 15 0.86 (0.76, 1.00) 0.050 37.2 0.073 R 0.016 0.003 0.91 (0.78, 1.06)

Asian 11 0.83 (0.68, 1.00) 0.051 44.7 0.053 R 0.006 < 0.001 0.95 (0.73, 1.26)

Chinese 9 0.84 (0.69, 1.02) 0.081 40.8 0.095 R 0.045 0.001 0.98 (0.76, 1.26)

Recessive Total 7 1.14 (0.76, 1.70) 0.526 0.0 0.504 F 0.562 0.200 Not necessary

Asian 4 0.76 (0.27, 2.17) 0.611 0.0 0.513 F 1.000 0.415 Not necessary

Chinese 3 0.56 (0.17, 1.87) 0.350 0.0 0.526 F 1.000 0.327 Not necessary

rs12980275 Dominant Total 8 1.15 (0.96, 1.38) 0.135 32.5 0.168 R 0.399 0.177 Not necessary

Asian 6 1.00 (0.84, 1.20) 0.966 0.0 0.795 F 0.469 0.453 Not necessary

Chinese 5 0.98 (0.80, 1.22) 0.890 0.0 0.689 F 0.483 0.495 Not necessary

rs8099917 Dominant Total 11 1.00 (0.83, 1.20) 0.992 41.2 0.074 R 0.002 < 0.001 1.15 (0.96, 1.39)

Asian 9 0.90 (0.75, 1.09) 0.284 11.0 0.343 F 0.006 0.006 0.99 (0.83, 1.18)

Chinese 8 0.87 (0.71, 1.08) 0.214 18.5 0.283 F 0.0141 0.006 0.98 (0.81, 1.19)

SNP single nucleotide polymorphism, M model for meta-analysis, F Fixed-effects model, R Random-effects model, PH P-value for heterogeneity test, POR P-value for
OR test, PBegg P-value for Begg’s test, PEgger P-value for Egger’s test, ORS OR derived from trim and fill sensitive analysis

Fig. 3 Forest plot for association between IL28B rs12979860 polymorphism and the development of HBV-related HCC (T vs C). a Overall analysis;
b Subgroup analysis
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Sensitivity analysis
Association of IL28B polymorphisms with HBV persistence
Heterogeneity of the associations between IL28B poly-
morphisms and persistent HBV infection varied from 0
to 44.7%. We found low heterogeneity for the SNP
rs12979860 in the allelic and recessive models (T vs C:
I2 = 24.6, PH = 0.21; TT vs CT + CC: I2 = 0, PH = 0.50).
However, heterogeneity in the dominant model for
IL28B polymorphisms (rs12979860, rs12980275 and
rs8099917) was significant. Subgroup analyses were car-
ried out to identify sources of heterogeneity. After strati-
fying by Asian population, there was no heterogeneity
for rs12980275 and rs8099917 in the dominant model
(rs12980275 in T vs G: I2 = 0, PH = 0.80; rs8099917 in A
vs G: I2 = 11%, PH = 0.34). However, heterogeneity in CC
vs CT + TT for rs12979860 was still higher than 25%.
We further performed the subgroup analysis stratified by
Chinese population, but heterogeneity remained for CC
vs CT + TT (I2 = 40.8%, PH = 0.095). Sequential omission
of individual studies (Additional file 1), after excluding
the study of Kim SU [13], the significant pooled OR was
no longer significant for CC vs CT + TT (OR = 0.88, 95%
CI = 0.75–1.01), but heterogeneity still existed (I2 = 40%).
In addition, there was a significant decline in heterogen-
eity (I2 = 27%), with excluding the study of Ren S [19].
However, it was still higher than 25%.

Association of IL28B polymorphism rs12979860 with HBV-
related HCC
Heterogeneity of these 7 studies was 70%. Sensitivity ana-
lysis was performed using the sequential omission

approach. However, the heterogeneity remained high, and
a random-effects model was used to estimate the pooled
ORs. The overall result was not influenced by the sequen-
tial omission approach. The 7 pooled ORs and corre-
sponding 95% CIs were presented in Additional file 1.

Publication Bias
Association of IL28B polymorphisms with HBV persistence
In overall and subgroup analysis, publication bias oc-
curred in the allelic and dominant model for rs12979860
and occurred in the dominant model for rs8099917.
Begg’s rank correlation, Egger’s weighted regression and
trim and fill method were used as the sensitivity analysis
to examine the publication bias (Table 2). The presence
of publication bias was shown in Fig. 4.

Association of IL28B polymorphism rs12979860 with HBV-
related HCC
There was no obvious asymmetry in the funnel plot for
the total population or the Asian population. No publi-
cation bias was observed for the association of SNP
rs12979860 with HBV-related HCC susceptibility (Total
population: PBegg = 0.773, PEgger = 0.700; Asian popula-
tion: PBegg = 0.817, PEgger = 0.400).

Discussion
In this meta-analysis, we examined the association of
IL28B polymorphisms with the outcome of HBV infec-
tion. We performed a meta-analysis of the associations
of IL28B polymorphisms (rs12979860, rs12980275 and
rs8099917) with HBV persistence. Then we assessed the

Fig. 4 Funnel plot analysis to examine publication bias
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association of the SNP rs12979860 with the risk of
HBV-related HCC. Overall, there was no strong evi-
dence of an association of IL28B polymorphisms with
HBV infection. As such, these 3 SNPs do not appear to
be risk factors for hepatitis B progression. This meta-
analysis provides a reliable and comprehensive assess-
ment of the association of IL28B polymorphisms with
HBV infection. This study is the first systematic review
that included all relevant eligible English publications in
the recent 8 years. Meanwhile, it had a larger sample size
comprising 5587 cases and 4295 than previous studies
[36, 37]. Previous studies investigating these associations
may have included low-quality publications [38, 39].
Firstly, rs12979860, rs12980275 and rs8099917 had no

association with HBV persistence, overall or by subgroup
although the heterogeneity was still higher than 25% but
was not explained by any individual study. This meta-
analysis is consistent with the study of DH Lee [26] show-
ing that IL28B polymorphisms are unrelated to HBV in-
fection, assessed from HBsAg seroclearance, rather than
the risk of persistent HBV infection and progression of
HBV-related HCC. Moreover, according to the strict in-
clusion criteria we excluded some studies [38, 39] in-
cluded by Lee. In addition, we included totally 18 recent
publications in this meta-analysis, and the quantity was
greater than in the 11 publications included in Lee’s study.
Similarly, this study is consistent with the study of Tang
Sd. et al. [40]. However, there is a difference between that
study and this study. In their study, only 9 publications
were included and only the rs12979860 C/T polymorph-
ism was investigated to evaluate the relationship. In our
study, 18 publications were included to investigate the as-
sociation of 3 SNPs with HBV persistence. For subgroup
analysis, results differed from that in Chen J’s study [24].
They found a significant association of rs12979680 with
the risk of persistent HBV infection among Chinese popu-
lation under an additive model. However, we found no
such association in either an allelic, dominant or recessive
model. This difference might have occurred because of
sample size. There were 406 cases and 244 controls in-
cluded in Chen J’s study. Smaller studies may have a
higher chance of false positives. A published study with
small sample size and significant result is more likely to be
a false positive because of the low sensitivity [41]. Mean-
while, there was no general principle of gene model selec-
tion [42]. However, it is easier to apply logistic regression
analysis to dominant and recessive model, which would be
more precise to estimate the pooled OR [42].
IFN-λ3 is coded by the IL28B gene and has an antiviral

effect on chronic HCV [43]. Many studies [44–47] have
shown an association of IL28B polymorphisms with
HCV infection. However, the nucleotide analogs may
have an additional pharmacological effect by inducing
IFN-λ3 production, which facilitates interferon-

stimulated genes and decreases the production of HBsAg
[48]. Moreover, HBV and HCV share a similar natural
history, pathogenesis and transmission modality. In
order to provide novel insights for HBV treatment, focus
has been on the association of IL28B polymorphisms
with HBV infection [49]. Although several studies [24,
27, 32] have demonstrated IL28B polymorphisms predict
HBV infection. There is a possibility of producing a false
positive result. In the study of Martin MP [20], despite
they revealed that the SNP rs12979860 was associated
with spontaneous clearance of HBV, this significant as-
sociation was merely found among one-fifth of patients
who were also chronic HCV carriers and 69% patients
with HIV coinfection. Therefore, we excluded partici-
pants testing positive for anti-HCV or anti-HIV, because
the correlation of these diseases with IL28B genes would
potentially increase the likelihood of false positive in our
estimate.
Secondly, rs12979860 had no association with the risk

of HBV-related HCC, overall or by subgroup. No publi-
cation bias was found by either Begg’s rank correlation
method or Egger’s weighted regression method. Never-
theless, this estimate might be underpowered due to the
limited number of studies. We obtained consistent find-
ings with a few studies [15, 17, 26]. However, this meta-
analysis failed to reach a consensus with the studies of
Fabris and Ren S [19, 23]. In the study of Fabris, the re-
searchers found rs12979860 polymorphism contributed
to the risk of HCC among chronic HCV patients. How-
ever, they did not observe the association of the
rs12979860 polymorphism with HBV-related HCC. That
might explain the discrepancy. GWAS have identified
the IL28B gene as a major determinant of the course of
HCV infection, and experimental evidence indicates that
IFN-λ3 coded by IL28B gene has an anti-tumor effect
[50, 51]. The SNP rs12979860 C/T might only have sig-
nificant association with the risk of HCV-related HCC.
In the study of Ren S, they found a significant associ-
ation between rs12979860 and HBV-related HCC in the
Chinese population. However, we obtained an inconsist-
ent result based on the combined evidence. As HBV in-
volves a complicated interplay between host and virus,
no single molecular analysis was expected to fully un-
ravel the disease mechanism. Multiple molecular levels
could interact and also show plasticity in different
physiological conditions and disease stages [52]. Hence
there is a great requirement for additional novel ap-
proaches that could combine data from different mo-
lecular levels and could help to determine the causal
path from genotype to phenotype.
Another thing we would highlight about the HBV-

related HCC, is that it is thought to involve the interaction
between environmental factors and inherited susceptibility
[53]. For instance, recent case-control studies found a
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positive association between African dietary iron overload
and HBV/HCV-related HCC [54–56]. The underlying
mechanism could be excessive free irons generating harm-
ful “reactive oxygen species” (ROS) under aerobic condi-
tions in the human body. ROS could damage the balance
between oxidative and reductive events, and consequently
destroy DNA in hepatocytes and induce HCC [57]. This
finding requires further investigation due to the limitation
of observational studies. However, dietary iron overload
might increase the risk of developing HBV-relate HCC in
Africans and might disguise the potential association of
the IL28B gene with the disease.
This study is a candidate gene association study which

is different from GWAS. Candidate gene studies are
relatively cheap and quick to perform, and are concen-
trated on the selection of a putative candidate genetic
variants according to its relevance in the mechanism of
the disease investigated. However, candidate gene studies
are susceptible to publication bias, and they are under-
powered due to high rates of false positive findings and
low rates of replication [58]. In contrast, GWAS are
more reliable and comprehensive approach for identify-
ing loci in the genome that might be relevant to the
interest disease. Millions of SNPs in the genome are
assessed for genotype-phenotype association. However,
the cost of genotyping for a GWAS is at least an order
of magnitude higher than the cost to genotype several
candidate genes [59]. Hence, candidate gene studies are
a cost-effective approach to identify genetic risk factors
in the absence of GWAS for a specific disease. Currently,
no GWAS has assessed the association of IL28B with
HBV infection. The unknown history of HBV exposure
in the controls or relatively small sample size of the
study reduces power to identify genetic variants with
modest effect [60].
Conventionally, the association between genotype vari-

ants and disease in candidate gene studies was discov-
ered from case-control studies. However, there might be
a spurious correlation despite the observed statistical
significance. Candidate gene studies are prone to false
positive findings for the following reasons. Firstly, the al-
lele may be in linkage disequilibrium with an allele at
another locus that directly affects the expression of the
phenotype. Secondly, the allele itself is functional and
directly affects the expression of the phenotype [61].
Thirdly, differences in the frequency of genetic variants
within the population might lead to false positive results.
In this study, the minor allele frequencies of these 3
SNPs in Asians were significantly lower than those of
the Caucasians, suggesting the presence of population
specificity [62]. Lastly, some systemic technical bias
would be generated due to different DNA samples from
cases and controls, and eventually induced a false posi-
tive relationship [63].

There were also several advantages that would further
strengthen this study compared to previous similar stud-
ies. Above all, the publications we included in this meta-
analysis were high-quality based on the NOS score,
which increased the internal validity. Moreover, we
followed the strict inclusion criteria such as no-
coinfection with HCV or HIV, which decreased the bias
generated by correlations of these diseases with IL28B
polymorphisms. Thirdly, this meta-analysis included a
total of 5587 cases and 4295, comprising 4913 cases and
3865 controls for rs12979860 C/T, 3765 cases and 2506
controls for rs12980275 A/G, and 3912 cases and 2900
controls for rs8099917 T/G, which were even more than
twice the subjects included in previous studies. In
addition, we performed a more comprehensive subgroup
analysis by ethnicity, because of potential differences be-
tween populations. Lastly, this study is the first system-
atic review that included all relevant eligible English
publications in the recent 8 years. Systematic reviews
provide a synthesis of evidence for clinical decisions.
Hence having an up-to-date and comprehensive review
is imperative.
The findings of this systematic review and meta-

analysis were limited by several factors. Firstly, the study
design included only case-control studies. However, gen-
etic case-control studies are susceptible to selection bias.
The key requirement for a case-control study to avoid
selection bias is that the cases and controls are selected
from the same underlying population, which is difficult
to ascertain. Thirdly, the genotype distribution deviated
from HWE in 1 study, which might be attributed to
population stratification or potential selection bias.
Fourthly, we did not have original data for all studies to
account for potential confounding however, genetic case
control studies are not open to confounding, because
few factors are determinants of genetic make-up. Fifthly,
the assay methods used to characterize the polymor-
phisms differed in these studies, i.e. the sensitivity and
specificity of identifying IL28B polymorphisms were dif-
ferent, which might reduce the reliability. Lastly, al-
though we included 18 studies in this meta-analysis, the
presence of heterogeneity and publication bias indicated
potential issue. There was still a great need for large,
high methodological quality publications from a genome
wide association study in both Caucasian and Asian pop-
ulations to verify our findings.

Conclusion
Genetic epidemiology is a vital composition of public
health research. However, spurious associations might
also generate inefficient treatments and waste medical
resources. This study is a cost-effective approach to in-
vestigating the association of IL28B with HBV infection,
in the absence of GWAS for this specific association.
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However, there were still several limitations that might
influence the effect of genetic factors on disease out-
come. Further well-designed large-scale studies, espe-
cially related to the gene-ethnic group and phenotype-
environmental interaction are warranted to confirm the
real contribution of these polymorphisms to the out-
come of HBV infection.
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