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1. Introduction
Tumor necrosis factor inhibitors (TNFi) and disease-

modifying antirheumatic drugs (DMARDs) are widely 
used as effective therapies for autoimmune diseases such 
as rheumatoid arthritis (RA). Among these, TNF-α inhi-
bitors, as biologic agents, play a crucial role in the treat-
ment of RA [1]. TNF-α is a key pro-inflammatory cytokine 
involved in systemic inflammatory responses and the host 
defense against intracellular pathogens [2, 3]. TNF-α inhi-
bitors can affect the replication and clearance of hepatitis 
B virus (HBV) by interfering with HBV-specific cytotoxic 
T lymphocyte (CTL) responses and reducing TNF-α ex-
pression. This interference may lead to the reactivation of 
latent HBV infections, a phenomenon known as hepatitis 
B virus reactivation (HBVr) [4, 5].

Given the critical therapeutic role of TNF-α inhibi-
tors in rheumatic diseases and their potential influence 
on HBV replication and clearance, these inhibitors might 
promote viral replication escape. This, in turn, could result 
in the spread of HBV infection within hepatocytes and 
an increase in circulating viral load, thereby affecting the 
prognosis and treatment outcomes in patients with HBV-

related RA [6, 7].
Upon reviewing recent studies, it was noted that the 

specific condition of RA combined with HBV infection 
limits the number of patients eligible for inclusion in 
such studies. Furthermore, HBVr is a relatively rare event 
(approximately 5%), which complicates the feasibility of 
study designs, the acquisition of large-scale data, and often 
results in small patient cohorts and inconsistent findings 
across studies [6]. In many cases, it is difficult to discern 
whether the low incidence of HBVr is due to insufficient 
sample sizes or the inherently low probability of HBVr 
occurring during TNFi treatment for RA [7].

High-quality meta-analyses can help address such rare 
events. However, previous systematic reviews in this field 
have long intervals between updates, include relatively 
older studies, and yield results that remain contentious, 
similar to observational studies [8]. Therefore, updating 
the data from systematic reviews and critically evaluating 
their findings to draw meaningful conclusions is essential.

This study aims to conduct a meta-analysis to evaluate 
HBVr in HBV-infected RA patients treated with TNF-α 
inhibitors, providing the following report.
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2. Materials and Methods
2.1. Search strategy

The search encompassed major literature databases, as 
well as clinical trial databases, including Embase, Pub-
Med/MEDLINE, Scopus, Web of Science, ClinicalTrials.
gov and the Cochrane Library. Search terms were deve-
loped according to the PICOS framework. The primary 
keywords included “rheumatoid arthritis”, “hepatitis B”, 
“hepatitis B virus reactivation”, “TNF inhibitor”, and de-
signations of specific TNF inhibitors such as infliximab, 
adalimumab, etanercept, golimumab, and certolizumab. 
No search terms were specified for I (intervention) or S 
(study design) due to the inclusion of studies regardless of 
their control group or design. Boolean operators (“AND,” 
“OR,” “NOT”) were used to combine terms, and search 
results were exported into EndNote 21 for preliminary 
screening. No language restrictions were applied. Both 
full-text articles and conference abstracts were considered, 
but grey literature beyond indexed conference proceedings 
was not included. Table 1 summarizes the list of queries 
used for searching PubMed/MEDLINE.

2.2 Inclusion and exclusion criteria
2.2.1 Inclusion criteria

•	 Study types: randomized controlled trials (RCTs), 
clinical controlled trials, cohort studies (prospective or re-
trospective), or case series.

•	 Studies investigating hepatitis B virus reactivation 
(HBVr) in rheumatoid arthritis (RA) patients receiving 
TNF-α inhibitors (TNFi).

Participants: RA patients diagnosed based on either 
the 1987 American College of Rheumatology (ACR) 
classification criteria or the 2010 ACR/European League 
Against Rheumatism (EULAR) criteria [9, 10].

Patients had complete baseline data, follow-up infor-
mation on HBV serological markers, and liver function 
tests, and were identified as chronic HBV carriers or ha-
ving past HBV infection without active hepatitis, cirrhosis, 
hepatocellular carcinoma, or other chronic liver injuries.

Included studies involved at least one of the following 
TNFi: infliximab, adalimumab, golimumab, certolizu-
mab, or etanercept. Other TNFi agents targeting similar 
pathways, such as Yisaipu (a recombinant human TNF 
receptor-II antibody fusion protein), were also eligible.

Studies where HBV-related RA subgroup data were 
separable were included due to limited data availability.

HBVr was defined as a sudden increase in HBV repli-
cation in inactive or resolved HBV infection cases, charac-
terized by the appearance or elevation of HBV DNA in the 

serum of previously inactive or recovered patients [11].

2.2.2 Exclusion criteria
•	 Studies unrelated to RA patients or HBVr.
•	 Studies involving co-infection with hepatitis C 

virus (HCV) without detailed subgroup data on HBVr or 
studies solely including HCV-infected patients.

2.3. Study selection process
Two researchers independently screened studies based 

on inclusion and exclusion criteria. Titles and abstracts 
were reviewed for initial screening, followed by full-
text reviews of selected papers. Any disagreements were 
resolved through discussion; unresolved disagreements 
were referred to a third researcher for resolution.

2.4. Quality assessment and data extraction
Data were extracted using a customized extraction 

sheet, including:
•	 Study type (RCT, controlled trial, cohort study, or 

case series),
•	 Study location,
•	 Sample size (including subgroup data),
•	 Mean age and gender distribution,
•	 Follow-up duration,
•	 HBV status (chronic infection, resolved infection, 

or occult infection),
•	 RA treatment regimen (e.g., glucocorticoids, 

DMARDs, biological DMARDs, specific TNFis),
•	 Use of prophylactic antiviral therapy and its pro-

tocol,
•	 Number or rate of HBVr events.
Since most included studies were cohort studies, often 

single-arm retrospective cohorts, the quality of studies 
was assessed using the Newcastle-Ottawa Scale (NOS) 
[12]. Each domain of the NOS was evaluated according 
to predefined criteria: representativeness of the cohort 
and ascertainment of exposure were judged by clarity of 
patient selection and HBV/RA diagnosis confirmation; 
comparability was assessed based on adjustment for major 
confounders such as HBV serostatus and use of antiviral 
prophylaxis; and adequacy of follow-up was judged by 
whether the study provided sufficient follow-up duration 
(≥6 months after initiation of TNFi therapy) and whether 
HBV reactivation was systematically monitored through 
serological or virological testing. Studies that lacked 
explicit follow-up reporting or routine monitoring were 
considered at higher risk of bias in this domain.

Table 1. List of queries used for searching PubMed/MEDLINE.

Row Query Results
#1 "rheumatoid arthritis"[Title/Abstract] OR "arthritis, rheumatoid"[MeSH Terms] 174,994

#2 "hepatitis b"[Title/Abstract] OR "HBV"[Title/Abstract] OR "HBVr"[Title/Abstract] OR "hepatitis b 
reactivation"[Title/Abstract] OR "hepatitis b"[MeSH Terms] 114,663

#3

"tumor necrosis factor alpha inhibitor"[Title/Abstract] OR "tumor necrosis factor inhibitor"[Title/Abstract] 
OR "tnf inhibitor"[Title/Abstract] OR "infliximab"[Title/Abstract] OR "adalimumab"[Title/Abstract] OR 
"etanercept"[Title/Abstract] OR "golimumab"[Title/Abstract] OR "certolizumab"[Title/Abstract] OR 
"tumor necrosis factor alpha"[MeSH Terms] OR "infliximab"[MeSH Terms] OR "adalimumab"[MeSH 
Terms] OR "etanercept"[MeSH Terms] OR "certolizumab pegol"[MeSH Terms]

166,676

#4 #1 AND #2 AND #3 94
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a pooled HBVr rate of 0.01 (95% CI: [−0.01, 0.03], I² = 
0%, p = 0.884), which was not statistically significant. In 
contrast, the 11 Asian studies yielded a pooled HBVr rate 
of 0.02 (95% CI: [0.01, 0.04], I² = 0.03%, p = 0.051) with 
low heterogeneity and high statistical significance (p < 
0.001).

Further analysis by country showed that the pooled 
HBVr rate was 0.07 (95% CI: [−0.04, 0.18], I² = 92.96%, 
p = 0.012) in China; 0.02 (95% CI: [0.00, 0.04], I² = 0%, 
p = 0.691) in Japan (Fig. 4), and 0.01 (95% CI: [−0.01, 
0.03], I² = 0%, p = 0.819) in Italy, of which only the latter 
was statistically significant.

2.5 Statistical analysis
The HBVr rate among RA patients receiving TNFi 

treatment was calculated along with its 95% confidence 
interval (CI). Data were stabilized using 1/2 continuity 
correction and the Freeman-Tukey double arcsine trans-
formation [12]. Meta-analyses were conducted using 
RStudio version 4.3 (R Foundation for Statistical Com-
puting, Vienna, Austria). The meta (version 6.5-0) and 
metafor (version 4.4-0) packages were used to estimate 
the overall reactivation rate and its 95% CI. Heterogeneity 
was evaluated using the Q test and I² statistic. Significant 
heterogeneity (Q < 0.1 or I² > 50%) prompted the use of 
a random-effects model, while a fixed-effects model was 
applied when heterogeneity was negligible. Subgroup ana-
lyses were performed based on study region, use of pro-
phylactic antiviral therapy, glucocorticoid use, and type of 
TNFi.

3. Results
3.1. Search results

The PRISMA flowchart of the systematic search is pre-
sented in Fig. 1. A total of 776 articles were identified. 
After importing the results into EndNote 21 and removing 
24 duplicate records, titles and abstracts were screened to 
exclude articles that did not meet the inclusion criteria. 
This resulted in 31. Following a thorough review of full 
texts, articles not meeting the inclusion criteria regarding 
intervention, outcome measures, study population, or stu-
dy design were excluded, leaving 15 eligible studies (13 in 
English and 2 in Chinese), encompassing 916 RA patients, 
that were ultimately included.

3.2. Study characteristics
Table 2 summarizes the characteristics of the included 

studies.
Among the 14 included studies, 2 were published in 

Chinese [14, 16], and the remaining 13 were in English. 
Six studies reported HBV reactivation (HBVr) cases, but 
to minimize reporting bias, studies without HBVr cases 
were also included. A 1/2 correction was applied to ad-
dress zero-event issues, providing a more accurate reflec-
tion of the HBVr rate.

3.3. Quality assessment
The 15 included studies were assessed for their quality 

of evidence using the NOS tool, the results of which are 
presented in Table 3. One study (6.7%) scored 8 points, 
five studies (33.3%) scored 7 points, six (40%) scored 6 
points, and three studies (20%) scored 5 points.

3.4. Overall prevalence
A total of 15 studies were included for data integra-

tion. Following 1/2 correction and Freeman-Tukey double 
arcsine transformation, the pooled HBV reactivation rate 
among patients with a history of HBV infection using 
TNFi therapy was 0.02 (95% CI: 0.01–0.03), with hete-
rogeneity (I² = 0.79%, p = 0.133) (Fig. 2), indicating a 
mean prevalence of 2%.

3.5. Subgroup analyses
3.5.1. Analysis based on region

Studies were categorized into Asian and European re-
gions for subgroup analysis (Fig. 3). Among the 4 Euro-
pean studies, no HBV-positive cases were reported, with 

Fig. 1. PRISMA flowchart of the systematic search.

Fig. 2. Forest plot and meta-analytic statistics of prevalence rate.
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Study Year Country Study Type Sample 
Size (n) Age Female 

Sex (n, %) Intervention Ref.

Sayar et al. 2020 Turkey Retrospective 
Observational 5 46.4 ± 5.9 3 (60%)

Adalimumab
Certolizumab pegol

Golimumab
Etanercept

[5]

Watanabe 
et al. 2018 Japan Retrospective 

Observational 152 68.00 ± 8.98 120 
(78.9%)

Adalimumab
Infliximab

Certolizumab pegol
Golimumab
Etanercept

[13]

Zhao et al. 2017 China Prospective 
Cohort 43 44.0 ± 10.0 32 

(74.4%) Etanercept (Yisaipu) [14]

Chen et al. 2016 China Retrospective 
Observational 123 49.5 ± 12.0 98 

(79.7%) TNFi (unspecified) [15]

Jin et al. 2015 China Prospective 
Cohort 156 32.7 ± 9.7 96 

(61.5%)

Etanercept
Infliximab

Adalimumab
[16]

Ballanti et al. 2014 Italy Retrospective 
Observational 32 63.3 ± 8.9 30 

(93.7%)
Etanercept

Adalimumab [6]

Jung et al. 2014 South 
Korea

Retrospective 
Observational 12 − −

Etanercept
Infliximab

Adalimumab
[17]

Nakamura 
et al. 2014 Japan Retrospective 

Observational 57 59.3 ± 34.2 47 
(82.5%)

Etanercept
Infliximab

Adalimumab
[18]

Biondo et al. 2013 Italy Prospective 
Cohort 20 63.0 ± 9.5 13 (65%)

Etanercept
Infliximab

Adalimumab
Golimumab

[19]

Zhang et al. 2013 China Retrospective 
Observational 41 46.2 ± 2.7 34 

(82.9%) Infliximab [20]

Ryu et al. 2012 South 
Korea

Retrospective 
Observational 49 40.2 ± 11.8 19 

(38.8%)

Etanercept
Infliximab

Adalimumab
[21]

Lan et al. 2011 Taiwan Retrospective 
Observational 88 50.1 ± 12.0 77 

(87.5%)
Etanercept

Adalimumab [22]

Tamori et al. 2011 Japan Prospective 
Cohort 50 59 (15 – 73) 41 (82%)

Etanercept
Infliximab

Adalimumab
[23]

Caporali et 
al. 2010 Italy Prospective 

Cohort 67 57.4 ± 12.6 41 
(61.2%)

Etanercept
Infliximab

Adalimumab
[24]

Charpin et 
al. 2009 France Prospective 

Cohort 21 57.7 ± 2.7 13 
(61.9%)

Etanercept
Infliximab

Adalimumab
[25]

Table 2. Characteristics of the included studies.
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3.5.2. Analysis based on Hepatitis B surface antigen 
(HBsAg) status

Due to limited data and the complexity of HBV an-
tigen/antibody status, subgroup analysis was limited to 
HBsAg-positive and HBsAg-negative patients. Six studies 
reported HBVr rates in HBsAg-positive patients, while 
eight studies provided data on HBsAg-negative patients. 
The pooled HBVr rate was 0.16 (95% CI: [0.04, 0.28], 
I² = 37.45%, p = 0.122) in HBsAg-positive patients, and 

Study Year Antiviral 
Therapy (n, %)

Glucocorticoid 
Therapy (n, %)

HBV 
Reactivation

Follow-up 
Time (mo)*

NOS 
Score Ref.

Sayar et al. 2020 0 2 (40%) 0 17.2 ± 9.2 6 [5]
Watanabe et al. 2018 0 107 (70%) 7 15 (4 – 34) 6 [13]

Zhao et al. 2017 0 0 0 12 6 [14]
Chen et al. 2016 0 51 (41.5%) 8 28.1 7 [15]
Jin et al. 2015 0 0 1 6 6 [16]

Ballanti et al. 2014 3 (9.4) 5 (15.6%) 0 27.2 ± 23.7 5 [6]
Jung et al. 2014 5 (41.7%) 0 3 − 5 [17]

Nakamura et al. 2014 0 0 3 18 (2 – 27) 6 [18]
Biondo et al. 2013 0 13 (65%) 0 45.0 ± 22.0 7 [19]
Zhang et al. 2013 0 0 0 7.5 6 [20]

Ryu et al. 2012 20 (40.8%) 0 0 14 8 [21]
Lan et al. 2011 10 (11.4%) 88 (100%) 6 12 5 [22]

Tamori et al. 2011 50 (100%) 0 0 23 (12 – 32) 7 [23]
Caporali et al. 2010 0 43 (64.2%) 0 42.5 ± 21.3 7 [24]
Charpin et al. 2009 0 0 0 27.2 (7 – 

56) 7 [25]

Table 3. Results of quality assessment based on the NOS tool.

*Follow-up time is reported is mean ± SD or median (IQR).

Fig. 3. Forest plots of HBVr prevalence based on region in Europe 
(A) and Asia (B).

Fig. 4. Forest plots of HBVr based on region in China (A), Italy (B) 
and Japan (C).
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0.04 (95% CI: [−0.01, 0.09], I² = 93.26%, p < 0.001) in 
HBsAg-negative patients (Fig. 5). As shown in the same 
figure, comparison of HBVr rate between HBsAg-positive 
and HBsAg-negative patients as dichotomous outcomes 
returned a significant OR of 12.60 (95% CI: [3.73, 42.53], 
I² = 0%, p = 0.706). In summary, the mean rate of HBVr in 
HBsAg+ patients was 16%, who were 12.6 times more li-
kely to develop HBVr compared with their HBsAg− coun-
terparts.

3.5.3. Analysis based on use of antiviral prophylaxis
Five studies provided data on antiviral prophylaxis. As 

shown in Fig. 6, patients who received antiviral prophy-
laxis had a pooled HBVr rate of 0.06 (95% CI: [−0.01, 
0.13], I² = 0, p = 0.950), whereas those without prophy-
laxis had a rate of 0.03 (95% CI: [0.00, 0.07], I² = 36.37%, 
p = 0.151). While both showed low heterogeneity, only the 
latter was found to be statistically significant (p < 0.05). 

Compared with patients not receiving antiviral prophy-
laxis, patients who received antiviral prophylaxis had an 
OR of 1.30 (95% CI: [−1.20, 1.72], I² = 0%, p = 0.725), 
but this was found to be statistically insignificant (Z = 
0.350, p = 0.726). In summary, the mean rate of HBVr in 
patients not receiving antiviral prophylaxis was 3%.

3.5.4. Analysis based on glucocorticoid use
Among the included studies, 8 explicitly described 

whether glucocorticoids were used. Of these, one study 
reported a 100% glucocorticoid usage rate [22], while two 
studies reported no glucocorticoid usage [14, 16]. The stu-
dy by Ballanti et al. [6] in 2014 included data only for pa-
tients using glucocorticoids at doses greater than 7.5 mg/
day, and the study by Caporali et al. [24] in 2010 did not 
report data separately for RA patients based on glucocor-
ticoid use. Consequently, these two studies were excluded 

Fig. 5. Forest plots of the prevalence of HBVr among HBsAg+ (A) 
and HBsAg− patients (B), as well as comparison of HBVr in HBsAg+ 
vs. HBsAg− (C) patients.

Fig. 6. Forest plots of HBVr rate among patients receiving antiviral 
prophylaxis (A) and patients not receiving antiviral prophylaxis (B), 
along with comparison of HBVr rate among patients receiving antivi-
ral prophylaxis vs. those not receiving (C).
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from the analysis. As visualized in Fig. 7, a meta-analy-
sis of the remaining 6 studies, comprising 289 patients for 
whom glucocorticoid treatment data could be separated, 
revealed the following: HBVr rate among patients using 
glucocorticoids was 0.06 (95% CI: [0.03, 0.08]; I² = 0%, 
p = 0.937), while the HBVr rate among patients not recei-
ving glucocorticoids was 0.05 (95% CI: [0.00, 0.09]; I² = 
0%, p = 0.574), both of which were statistically significant 
(p < 0.05) with low heterogeneity. However, comparison 
of the HBVr rate between the two groups (excluding one 
study) showed an OR of 0.73 (95% CI: [0.26, 2.10]; I² = 
0%, p = 0.710), which, despite showing low heterogeneity, 
was deemed as statistically insignificant (p = 0.563). In 
summary, the mean rates of HBVr in patients receiving 
glucocorticoids and those not receiving were 6% and 5%, 
respectively.

3.5.5. Analysis based on TNF inhibitor (TNFi) type
The included studies evaluated six TNFi agents: eta-

nercept and and Yisaipu, a biosimilar for etanercept [26], 
adalimumab, infliximab, golimumab and certolizumab 
pegol. No HBVr cases were identified in the subgroups 
for certolizumab pegol. In the case of golimumab, only 
two studies reported data, which rendered meta-analysis 
infeasible. As visualized in Fig. 8, pooled analysis of the 
original data yielded the following HBVr rates:

•	 For adalimumab: 0.04 (95% CI: [0.01, 0.08]; I² 
= 0.09%, p = 0.865)

•	 For etanercept: 0.03 (95% CI: [0.01, 0.05]; I² = 
0%, p = 0.712)

•	 For infliximab: 0.02 (95% CI: [0.00, 0.04]; I² = 
0%, p = 0.727)

In summary, the rates of HBVr among patients recei-
ving adalimumab and etanercept were 4% and 2%, respec-
tively, which were found to be statistically significant (p < 

Fig. 7. Forest plots of HBVr rate among patients receiving glucocor-
ticoids (A), patients not receiving glucocorticoids (B), along with the 
comparison of HBVr rate among patients receiving glucocorticoids 
vs. those not receiving (C).

Fig. 8. Forest plots of HBVr rate among patients receiving adalimu-
mab (A), etanercept (B) and infliximab (C).
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0.05), while conferring low heterogeneity.

3.6. Publication bias
In clinical trials of this nature, studies without HBV-

positive cases may be less likely to be published compa-
red to those with HBV-positive cases, making publication 
bias inherent and difficult to eliminate. This could result in 
meta-analyses leaning toward positive conclusions.

Additionally, this study included both English and 
Chinese literature, which may have biased the results 
toward populations whose primary languages are English 
or Chinese. The inclusion of Chinese literature dispropor-
tionately increased the weight of HBVr rates observed in 
Chinese populations, potentially introducing further bias 
in the calculated HBVr rate.

4. Discussion
4.1. Overall reactivation rate

The findings of this study demonstrate an overall HBVr 
rate of 0.02 (95% CI: 0.01–0.03) among RA patients trea-
ted with TNFi therapy, consistent with low heterogeneity 
(I² = 0.79%, p = 0.133). These results contrast with Cantini 
et al.’s 2014 study, which reported a higher HBVr rate of 
0.042 (95% CI: 0.014–0.082) and moderate heterogeneity 
(I² = 74.7%) [27]. Despite the low overall incidence, HBVr 
remains clinically significant, particularly in specific sub-
groups. In regions with sufficient healthcare resources, 
routine liver function monitoring and HBV serological 
testing may be prudent during and after TNFi therapy. Fur-
thermore, prophylactic antiviral therapy could be consi-
dered for patients with a prior history of HBV infection, 
particularly HBsAg-positive patients, who exhibit signifi-
cantly higher HBVr rates (16%). However, implementing 
such measures broadly may lead to resource overutiliza-
tion, especially in low-risk populations.

In contrast, in resource-limited settings, extending the 
intervals between follow-ups or reducing the number of 
screening tests may be a more pragmatic approach. Anti-
viral treatment could instead be initiated when abnormali-
ties in serum transaminase levels are detected. Some stu-
dies have suggested that regular screening for HBsAg and 
hepatitis B core antibody (HBcAb) in RA patients under-
going TNFi therapy is warranted, but do not recommend 
routine prophylaxis [7].

4.2. Subgroup analysis by geographic region
This study highlights regional variability in HBVr rates 

following TNFi therapy, aligning with the known geogra-
phic differences in HBV prevalence. Subgroup analysis 
revealed no reported HBVr cases in European studies, 
with a pooled rate of 0.01 (95% CI: −0.01 to 0.03, I² = 
0%, p = 0.884), compared to 0.02 (95% CI: 0.01–0.04, I² = 
0.03%, p = 0.051) in Asian studies. This discrepancy cor-
relates with the higher baseline HBV prevalence in Asia 
(3%) compared to Europe (1.5%), as reported by the WHO 
[28]. These findings suggest that HBVr risk may partially 
stem from regional HBV endemicity, with higher reactiva-
tion potential in areas where re-exposure to HBV is more 
likely.

In Europe, the overall HBV infection rate is lower due 
to factors such as dietary habits, smaller population size, 
and stricter public health measures [29]. Additionally, 
lower population density in Europe results in a significant-
ly lower density of HBV-infected individuals compared to 

Asia, and RA patients using TNFi are even less common. 
Consequently, collecting sufficient cases for research in 
Europe is more challenging, leading to fewer studies and a 
potential publication bias that could underestimate the true 
HBVr rate [30].

Moreover, national differences in HBV prevention 
and management protocols further influence HBVr rates. 
While some countries initiate antiviral therapy based on 
abnormal liver function tests, others rely on HBV DNA 
levels as the treatment threshold. These variations contri-
bute to the observed discrepancies in HBVr rates between 
regions [31, 32]. In conclusion, the HBVr rate among RA 
patients with a history of HBV infection is lower in Europe 
than in Asia, although potential biases must be carefully 
considered when interpreting these findings.

4.3. Subgroup analysis by HBsAg status
The subgroup analysis of HBsAg-positive and HBsAg-

negative patients indicates a potential association between 
HBsAg positivity and HBVr incidence. Studies investiga-
ting HBV reactivation (HBVr) in RA patients receiving 
DMARDs other than TNFi have identified a strong asso-
ciation between HBsAg positivity and HBVr risk. Kuo et 
al. (2024) reported that among RA patients treated with b/
tsDMARDs, HBVr incidence was significantly higher in 
patients with negative baseline anti-HBs (<10 mIU/mL), 
with rituximab posing the highest risk, followed by aba-
tacept [33]. Similarly, Lan et al. (2023) demonstrated that 
HBsAg-negative patients undergoing rituximab therapy 
for autoimmune diseases exhibited a higher HBVr rate 
when anti-HBc-positive and lacking protective anti-HBs 
levels [34]. These findings emphasize the critical role of 
HBsAg and anti-HBs status in HBVr risk stratification for 
RA patients receiving b/tsDMARDs. However, due to the 
limited sample sizes and interactions between various sub-
group factors, this relationship should not be considered 
definitive. HBsAg is known to correlate with the severity 
of hepatitis B during its pathological course [35], but more 
robust and reliable evidence from large-scale clinical trials 
is necessary to confirm these findings. Future studies with 
larger samples will be critical to elucidating the role of 
HBsAg in HBVr risk.

4.4. Subgroup analysis based on antiviral drug use
Due to the lack of explicit descriptions regarding anti-

viral drug use in some of the included studies, the number 
of studies available for this subgroup analysis was limited. 
Consequently, the present study did not identify a statisti-
cally significant difference in the rate of HBV reactivation 
based on antiviral drug use.

From a clinical perspective, there is variability in the 
timing of antiviral prophylaxis implementation [36, 37]. 
Some clinicians initiate antiviral therapy before or at the 
onset of TNFi treatment, while others begin prophylaxis 
only when patients exhibit early warning signs, such as 
elevated transaminase levels [38]. This division introduces 
a degree of subjective bias attributable to clinical decision-
making, thereby compromising the reliability of the study 
outcomes. Additionally, the type and dosage of antivi-
ral drugs may also confound the HBV reactivation rate, 
a limitation not restricted to this subgroup but observed 
across other subgroup analyses as well.

The lack of a definitive conclusion may also stem from 
the relatively small number of patients in the antiviral 
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prophylaxis subgroup. Furthermore, applying continuity 
correction methods, such as the 1/2 correction, may have 
influenced the outcomes and introduced bias. To draw ro-
bust and credible conclusions, future studies will require 
larger sample sizes and more precise subgroup definitions.

Data from some of the included studies suggest that 
antiviral prophylaxis can reduce HBV reactivation rates 
[8, 39]. Research on the effectiveness of different antiviral 
regimens indicates that lamivudine may be less effective 
in preventing HBV reactivation compared to other anti-
viral agents, likely due to the development of resistance 
through YMDD motif mutations [40, 41]. However, a 
2018 meta-analysis on a similar topic also failed to esta-
blish a clear association between antiviral prophylaxis and 
HBV reactivation [42].

The existing controversy in prior research highlights 
the ongoing challenges in this field. Given the availability 
of sufficient medical resources, we recommend the routine 
use of antiviral prophylaxis for patients receiving TNFi 
therapy to reduce the likelihood of HBV reactivation and 
associated adverse events.

4.5. Subgroup analysis based on glucocorticoid use
The subgroup analysis on glucocorticoid use suggests 

that glucocorticoids may increase the rate of HBV reactiva-
tion among the target population. This finding aligns with 
the conclusions of Grossi et al. [43]. In contrast, Cheng 
et al. reported that non-steroid chemotherapy reduced the 
rate and severity of HBV reactivation in HBsAg-positive 
lymphoma patients [44].

Glucocorticoids are critical therapeutic agents and are 
widely used in clinical practice, as reflected in treatment 
guidelines from various countries [45]. To mitigate the 
risk of HBV reactivation during glucocorticoid therapy, 
it is advisable to adjust the monitoring frequency of liver 
function and HBV serological markers. Concurrent anti-
viral prophylaxis during glucocorticoid treatment should 
also be considered to reduce the incidence of HBV reacti-
vation [45].

4.6. Subgroup analysis based on drug type
The subgroup analysis by type of TNFi provided limited 

insights into differences HBVr rates among the agents eva-
luated. Four TNFi agents were assessed, including etaner-
cept, its biosimilar Yisaipu, adalimumab and infliximab. 
No HBVr cases were reported for certolizumab pegol, and 
data on golimumab were insufficient for meta-analysis. 
The pooled HBVr rates were 4% for adalimumab, 3% for 
etanercept, and 2% for infliximab. While the differences 
in HBVr rates between adalimumab and etanercept were 
statistically significant, the overall analysis suggests that 
the risk of HBVr across these agents is generally low and 
similar, with minimal heterogeneity.

A study by Moghoofei et al. [46] in 2018 provided 
aggregated HBV reactivation data for subgroups of spe-
cific antiviral drugs but did not extract data for individual 
drugs, limiting the clinical applicability of their findings. 
Mori et al. [47] reported HBV reactivation rates of 2.4% 
for etanercept, 0.6% for adalimumab, 0% for infliximab, 
8.6% for tocilizumab, and 3.3% for rituximab. However, 
these results lacked rigorous statistical validation, and their 
reliability is considered inferior to that of meta-analyses.

 

4.7. Further considerations
Ballanti et al. [6] conducted a follow-up study on 32 

patients with RA and a history of HBV infection who were 
treated with etanercept or adalimumab. They observed no 
cases of HBVr, but approximately one-fifth of the patients 
exhibited elevated serum transaminase levels. These eleva-
tions were speculated to be related to the use of DMARDs, 
prophylactic antiviral therapy, or alcohol consumption.

Minozzi et al. performed a meta-analysis of 71 rando-
mized controlled trials and concluded that there is insuffi-
cient evidence to suggest that the impact of TNFi on HBVr 
varies by disease type [48]. Consequently, the study did 
not perform subgroup analyses based on disease type but 
instead analyzed RA, ankylosing spondylitis, and psoria-
tic arthritis patients collectively. However, the study ac-
knowledged a limitation: variations in medications used 
for different diseases across regions may introduce bias. 
To minimize confounding factors, restricting the analysis 
to a single disease type, where feasible, would likely yield 
more reliable conclusions.

In certain regions, clinical guidelines recommend the 
use of antiviral prophylaxis at the initiation of TNFi the-
rapy to reduce HBVr rates. While this approach may result 
in some degree of healthcare resource overuse, it provides 
significant protection for patients. Allowing HBVr to occur 
without preventive measures is detrimental to patient out-
comes and recovery. Therefore, HBVr represents a serious 
adverse clinical event, and clinicians must closely monitor 
liver function during treatment. Any abnormalities, such 
as elevated transaminase levels, should prompt adjust-
ments to hepatoprotective medications or modifications to 
antiviral prophylaxis or treatment regimens [49].

From another perspective, current research data do not 
demonstrate an association between HBVr rates and the 
underlying diseases in TNFi users. Including patients with 
various diseases treated with TNFi introduces uncertainty 
regarding the concurrent use of other medications and 
their potential interactions, which may increase the risk of 
HBVr [50]. To avoid such bias, this study focused exclu-
sively on RA patients treated with TNFi. However, this 
decision presents challenges, as narrowing the study po-
pulation reduces the sample size and the statistical power 
required to analyze low-incidence events like HBVr, po-
tentially compromising the reliability of the findings.

Future research should focus on individual patient data 
meta-analyses to enable more granular stratification of 
HBV reactivation risk. Such analyses would allow eva-
luation of outcomes by HBsAg, anti-HBc, and anti-HBs 
serostatus, baseline HBV DNA levels, antiviral drug class, 
and concomitant glucocorticoid dose. This level of resolu-
tion would provide more precise risk estimates and inform 
personalized prophylaxis and monitoring strategies in pa-
tients with RA receiving TNFi therapy.

4.8. Strengths and limitations
This study has some limitations. The small sample size 

of included studies, insufficient patient numbers, unclear 
subgroup classifications, and concurrent use of DMARDs 
and corticosteroids in most studies preclude the assess-
ment of HBVr risk associated solely with TNFi. In clini-
cal practice, it is challenging to eliminate the influence of 
other medications, underscoring the need for future clini-
cal trials with appropriate controls. Furthermore, the small 
number of studies and patients included limits the strength 
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of the conclusions, necessitating larger and more com-
prehensive clinical trials.

Regarding data processing, we utilized 1/2 correction 
and Freeman-Tukey double arcsine transformations to 
analyze the data. However, due to the limited number of 
included studies and the relatively low HBVr rate, poten-
tial heterogeneity in the analysis cannot be excluded. Thus, 
increasing the sample size remains essential.

For the patient population with a history of HBV in-
fection and RA treated with TNFi, obtaining large patient 
datasets is challenging. This issue might be addressed 
through multicenter studies. Research in this area typical-
ly involves small sample sizes; thus, we applied 1/2 cor-
rection and Freeman-Tukey transformation with inverse 
transformation comparisons to ensure data accuracy, en-
hancing the study's reliability and relevance.

5. Conclusion
In conclusion, this study highlights that rheumatoid 

arthritis patients with a history of hepatitis B virus in-
fection face a measurable risk of HBV reactivation fol-
lowing tumor necrosis factor inhibitor therapy, although 
the overall incidence remains relatively low. Subgroup 
analyses revealed significant regional variations in HBVr 
rates, suggesting that geographic and possibly healthcare-
related factors may influence outcomes. Additionally, 
patients using corticosteroids in combination with TNFi 
exhibited a higher risk of HBVr compared to non-users, 
emphasizing the role of adjunct therapies in modulating 
reactivation risks. These findings underline the necessity 
for clinicians to closely monitor liver function and HBV 
status in RA patients receiving TNFi therapy, particularly 
in high-risk subgroups such as corticosteroid users. Future 
research should focus on large-scale, multicenter studies 
with robust sample sizes to confirm these findings, while 
also addressing confounding factors such as concomitant 
drug use and underlying comorbidities. Furthermore, pre-
cise clinical trial subgroup data and standardized protocols 
are essential for developing tailored preventive and thera-
peutic strategies to mitigate HBVr risk in this vulnerable 
population.
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