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Abstract
AIM: To investigate the efficacy and safety of com-
bined antiviral and immunosuppressant therapy in adult 
hepatitis B virus-associated glomerulonephritis (HBV-
GN) patients.

METHODS: A computerized literature search was 
carried out in the PubMed database, Embase, the Co-
chrane Library, Chinese BioMedical Literature on disc, 
Chinese Medical Current Contents, Chinese National 
Knowledge Infrastructure, Wanfang and VIP (Chinese 
Technological Journal of Database) to collect articles 
between June 1980 and December 2010 on therapy 
with immunosuppressants, e.g., glucorticosteroids, my-
cophenolate mofetil and leflunomide, combined with 
antivirals, e.g., interferon, lamivudine, entecavir and 
adefovir dipivoxil, in adult HBV-GN patients. The prima-
ry outcomes were remission of proteinuria, clearance 

of HBV e-antigen, and elevation of serum albumin. The 
secondary outcomes were blood levels of alanine ami-
notransferase, serum creatinine, and HBV-DNA titer. 
Meta-analysis was performed using Review Manager 
5.1. Fixed or random effect models were employed 
to combine the results after a heterogeneity test. The 
effects of the combined therapy were analyzed for dif-
ferent doses of glucorticosteroid and different types of 
HBV-GN.

RESULTS: Twelve clinical trials with 317 patients were 
included. A significantly higher incidence of HBV-GN 
was found in male patients (relative risk = 2.40, 95% 
CI: 1.98-2.93). Combined therapy reduced the pro-
teinuria significantly with a mean difference of 4.19 
(95% CI: 3.86-4.53) and increased the serum albumin 
concentration significantly with a mean difference of 
-11.95 (95% CI: -12.97-10.93) without significant al-
terations of liver function (mean difference: 4.62, 95% 
CI: -2.55-11.79) and renal function (mean difference: 
10.29, 95% CI: 0.14-20.45). No significant activation of 
HBV-DNA replication occurred (mean difference: 0.12, 
95% CI: -0.37-0.62). There was no significant differ-
ence between the high dose glucorticosteroid group 
and the low dose glucorticosteroid group in terms of 
proteinuria remission (P  = 0.76) and between different 
pathological types of HBV-GN [membranous glomeru-
lonephritis (MN) vs  mesangial proliferative glomerulo-
nephritis, P  = 0.68; MN vs membranoproliferative glo-
merulonephritis, P  = 0.27].

CONCLUSION: Combined antiviral and immunosup-
pressant therapy can improve the proteinuria in HBV-
GN patients without altering HBV replication or damag-
ing liver and renal functions. 
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INTRODUCTION
Hepatitis B virus (HBV) infection is an important public 
health problem worldwide and especially in developing 
countries such as China. It is estimated that there are up 
to 112 million chronic HBV carriers in China, and hepa-
titis B virus-associated glomerulonephritis (HBV-GN) 
remains one of  the most common secondary glomerular 
diseases among the Chinese population[1]. Most HBV-
GN patients present with the nephrotic syndrome and 
some show mild to moderate proteinuria with hematu-
ria. The most common histological type of  HBV-GN 
is membranous nephropathy[2,3]. Although spontaneous 
remission of  HBV-GN has been reported in pediatric pa-
tients, it is not as successful for adult HBV-GN patients 
as for children[3]. There is still considerable morbidity and 
significant mortality in the world; about 30% of  adult pa-
tients may progress to renal failure, and as many as 10% 
of  these will require maintenance dialysis[2].

HBV-GN treatment includes antiviral drugs, e.g., in-
terferon (IFN), lamivudine (LAM), entecavir (ETV) and 
adefovir dipivoxil (ADV), or immunosuppressants, e.g., 
glucocorticosteroids, mycophenolate mofetil (MMF) and 
leflunomide (LEF). Although antivirals have proven to be 
effective in clearing the viral antigens and abrogating the 
proteinuria[2,4], the safety and efficacy of  immunosuppres-
sants are still controversial. It has been argued that im-
munosuppressants are not appropriate for HBV-GN be-
cause of  concerns such as induction of  HBV replication, 
liver damage, and even deterioration of  renal lesions[5-7].

In a recent meta-analysis study, Zhang et al[8] showed 
that treatment of  HBV-GN with corticosteroids only 
(monotherapy) was not effective with regard to protein-
uria remission. However, this conclusion was drawn by 
analyses of  data from both adult and pediatric patients, 
and because spontaneous remission can occur in chil-
dren, this could have confounded the effectiveness of  
corticosteroid treatment in adult patients. In addition, the 
number of  adult patients treated with glucorticosteroids 
in that study was only thirteen. The efficacy of  combined 
therapy was not evaluated[8]. 

On the other hand, treatment of  HBV-GN without 
immunosuppressants has been reported to lead to pro-
gressive kidney disease[9]. In fact, along with antivirals, 
glucorticosteroids are being widely and empirically used 
for patients with HBV-GN, especially those in the Asia-

Pacific regions[10]. However, to date, there has not been a 
meta-analysis on the efficacy and safety of  this combined 
therapy in adults. 

Thus the purpose of  this study was to analyze the 
published data on the efficacy and safety of  combined 
therapy with antivirals and immunosuppressants for adult 
patients with HBV-GN. To accomplish this, we per-
formed a systematic review and meta-analysis of  all pub-
lished clinical trials that met our entry criteria.

MATERIALS AND METHODS
Search strategy and data extraction
We searched MEDLINE, EMBASE, Cochrane Library, 
and the Chinese BioMedical Literature on disc (CBM), 
Chinese Medical Current Contents (CMCC), Chinese Na-
tional Knowledge Infrastructure (CNKI), Wanfang and 
VIP (Chinese Technological Journal of  Database). The 
key words were; “hepatitis B virus”, “glomerulonephritis”, 
“prednisolone”, “nephrotic syndrome”, “mycophenolate 
mofetil”, “immunosuppressants”, “drug therapy”, and 
their synonyms and related terms. All articles were iden-
tified by searching from June 1980 to December 2010. 
In addition, manual searches of  selected specialty jour-
nals were performed to identify all pertinent literature. 
Qualitative reviews and published clinical trials were also 
searched.

Criteria for inclusion
Eligible patients had to be adults (age > 18 years) with 
renal biopsy-proven HBV-GN. We included randomized 
controlled trials (RCTs), controlled clinical trials (CCTs), 
prospective and retrospective self-controlled studies, and 
cohort studies that used immunosuppressants and anti-
virals to treat HBV-GN. The data had to be published in 
a full length paper, and all had a follow-up period of  at 
least 6 mo. The primary and secondary outcomes were a 
decrease of  proteinuria, levels of  serum albumin and ala-
nine aminotransferase (ALT), renal function, and HBV-
DNA titer.

Criteria for exclusion
Studies were excluded if  the data on the measurements 
of  the responses were incomplete or the HBV-GN was 
treated with Chinese herbal drugs. Trials published as 
abstracts or as interim reports were excluded, but letters 
and review articles were not excluded. For serial reports 
of  the same patients, only those articles that provided the 
most comprehensive information were included. Trials 
with immunosuppressants only were also excluded.

Definitions of outcome measures
The primary outcome measures were proteinuria remis-
sion and HBV reactivation. Secondary outcome measures 
were elevations of  ALT, serum creatinine (Scr), serum 
albumin, and other adverse effects such as a transient 
increase in transaminases, dizziness, fatigue, and gastro-
intestinal symptoms. A complete remission (CR) was de-

822 February 28, 2012|Volume 18|Issue 8|WJG|www.wjgnet.com

Zheng XY et al . Combined therapy for adult HBV-GN



fined as disappearance of  proteinuria after treatment, and 
partial remission was defined as a 24 h urinary protein 
decreased more than 50% of  the previous value[11]. Cases 
that had no improvement of  symptoms and laboratory 
tests were classified as non-responsive. 

HBV reactivation was defined as the presence of  de-
tectable serum HBV DNA, and an ALT elevation was de-
fined as an increase to > 50 U/L[12]. A relapse was defined 
as the reappearance of  > 1+ albuminuria on urinalysis. A 
low-dose glucorticosteroid (prednisone or prednisolone) 
was defined as ≤ 0.5 mg/kg per day, and high-dose glu-
corticosteroid was defined as ≥ 1.0 mg/kg per day.

Data extraction and quality assessment
Two reviewers (Zheng XY and Wei RB) independently 
selected the studies and extracted the data and outcomes 
according to the inclusion criteria. In cases of  disagree-
ment between the two reviewers, a third reviewer (Tang L) 
examined the data and discussed the choices with the two 
initial reviewers. The data were incorporated only when 
the three reviewers reached a consensus.

Statistical analysis
For dichotomous outcomes, the results are expressed as 
relative risk (RR) with 95% confidence intervals (CI) for 
individual studies. When the outcomes were measured 
on a continuous scale, the mean difference (MD) was 
used to evaluate the difference in the change from the 
beginning to the end of  treatment. The meta-analysis was 
performed using the fixed-effect or random-effect meth-
ods depending on the absence or presence of  significant 
heterogeneity. Heterogeneity was measured using Chi-
square (χ 2) and I² tests, and statistical significance was 
considered to be present when P < 0.05. In the absence 
of  heterogeneity, the Mantel-Haenszel method of  the 
fixed-effect model was used for the meta-analysis. Other-
wise, the DerSimonian and Laird method for the random-
effect model was selected[13]. The RR with 95% CI was 
used to assess the treatment efficacy. The combined re-
sults were the average RR and 95% CI weighted accord-
ing to the standard error of  the RR of  the trial. A P < 
0.05 was considered statistically significant. Funnel plots 
were used to assess the publication bias, and funnel plot 
asymmetry was tested using the Egger’s test and Begg’
s test[14,15]. All analyses were performed with the Review 
Manager version 5.1 (RevMan, Cochrane Collaboration, 
Oxford, England).

RESULTS
Description of trials included in meta-analysis
Our electronic and manual searches identified 774 stud-
ies. After a review of  the titles and abstracts or full text, 
762 articles were excluded and 12 articles[9,16-26] with 317 
patients were included based on the criteria mentioned 
(Cheng CL 2005, Dang YM 2004, Fang YQ 2009, He 
LS 2007, Liu J 2010, Liu ZH 2008, Sun LL 2005, Sun 
XP 2010, Tang L 2005, Tang Y 2005, Wu SB 2008 and 

Xia DQ 2009; Figure 1 and Tables 1-3). The numbers of  
patients studied in each trial were 20, 24, 58, 13, 25, 30, 
11, 29, 9, 21, 35 and 42, respectively. One of  these stud-
ies was a RCT[23], three were CCT[9,18,24], and the others 
were prospective and retrospective self-controlled stud-
ies[16,17,19-22,25,26]. The characteristics of  the 12 clinical trials 
included are shown in Table 1, and detailed information 
of  the interventions such as dose and duration of  medi-
cation, main outcomes, and follow-up periods are sum-
marized and tabulated in Tables 2 and 3.

Clinical characteristics of gender differences
Gender differences in the incidence of  HBV-GN were 
assessed from the results of  10 trials[16,17,19-26] including 1 
RCT[23], 1 CCT[24], and 8 self-controlled studies[16,17,19-22,25,26]. 
The total number of  patients was 286, including 202 male 
patients and 84 female patients. The χ 2 test of  heteroge-
neity was not significant (P = 0.37), therefore the fixed-
effect model was selected. A significantly larger number 
of  male patients than female patients had HBV-GN (RR 
= 2.40, 95% CI: 1.98-2.93; Figure 2).

Efficacy of combined therapy for proteinuria 
The efficacy of  combined therapy for proteinuria of  six 
months duration was assessed from the results of  8 tri-
als[16,18-21,23-25] including 1 RCT[23], 2 CCT[18,24], and 5 self-
controlled studies[16,19-21,25]. The total number of  patients 
was 170, and the χ 2 test of  heterogeneity was not signifi-
cant (P = 0.62). Therefore, the fixed-effect model was 
used. There was a significant decrease in the level of  pro-
teinuria after the treatments (mean difference: 4.19, 95% 
CI: 3.86-4.53, Figure 3).

Efficacy of combined therapy on serum albumin 
concentration
The efficacy of  combined therapy on serum albumin con-
centration was assessed from the results of  8 trials[16-20,22-24] 

of  209 patients including 1 RCT[23], 2 CCT[18,24], and 5 self-
controlled studies[16,17,19,20,22]. The χ 2 test of  heterogeneity 
was not significant (P = 0.11), therefore the fixed-effect 
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Figure 1  Flowchart showing the abstract screening and study selection 
process. CBM: Chinese BioMedical Literature on disc; CMCC: Chinese Medi-
cal Current Contents; CNKI: Chinese National Knowledge Infrastructure. 

MEDLINE
249

EMBASE
307

Cochrane Library; CBM; CMCC; 
CNKI; Wanfan; VIP 218

Citations
774

Full-text analysis
61

Exclude 713
Read the article title and summary, 
excluding irrelevant and definitely 
not for the literature.

Excluded 49
Outcomes not relevant to the 
review (n  = 38)
Interventions not relevant to the 
review (n  = 1)
Reviews (n  = 8)
Repeated article (n  = 2)

Included in 12 papers
317 patients
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Ref. Region Patients Study design

Gender Mean age (yr)

Fang et al[9] Zhejiang NA      > 18 CCT study
Cheng et al[16] Guangzhou 21 M, 3 F 29.3 ± 10.3 Self-control study
Dang et al[17] Shandong   38 M, 20 F          41 Self-control study
He et al[18] Beijing NA      > 18 CCT study
Liu et al[19] Shandong 17 M, 8 F 39.6 ± 11.2 Self-control study
Liu et al[20] Hunan   20 M, 10 F 31.4 ± 13.8 Self-control study
Sun et al[21] Shanghai   9 M, 4 F 34.4 ± 10.4 Self-control study
Sun et al[22] Shandong 22 M, 7 F      > 18 Self-control study
Tang et al[23] Beijing   8 M, 1 F 38.2 ± 11.2 RCT study
Tang et al[24] Guangzhou 16 M, 5 F  31 ± 8.9 CCT study
Wu et al[25] Shanghai  23 M, 12 F 40.5 ± 10.4 Self-control study
Xia et al[26] Shandong  28 M, 14 F 35.4 ± 17.1 Self-control study
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M: Male; F: Female; NA: Not available; RCT: Randomized controlled trial; CCT: Clinical controlled trial. 

Table 1  Characteristics of 12 included studies

Table 2  Categories of interventions used in individual studies and duration of follow-up

Ref. Intervention Duration Follow-up Dropout (n )

Fang et al[9] Prednisone 0.8-1.0 mg/kg���������   �� ����������� per day� �� ����������� + LAM/ETV/ADV 12 mo 40 mo 0
Cheng et al[16] Prednisolone 0.4 mg/kg���������   �� ���� �� ��� per day� �� ���� �� ��� + MMF + LAM   6 mo   6 mo 0
Dang et al[17] Prednisone 0.8-1.0 mg/kg���������   �� ���� �� ��� per day� �� ���� �� ��� + MMF + LAM   6 mo   6 mo 0
He et al[18] Prednisone 40-60 mg/d + MMF 18 mo 12 mo 0
Liu et al[19] prednisolone 0.5-1.0 mg/kg���������   �� ���� �� ��� per day� �� ���� �� ��� + MMF + LAM 12 mo 12 mo 0
Liu et al[20] Prednisone 1.0 mg/kg���������   �� ��� per day� �� ��� + ETV   9 mo   9 mo 0
Sun et al[21] Prednisone  0.5 mg/kg�������������   �� ���� �� ���per two days� �� ���� �� ��� + MMF + LAM 12 mo 12 mo 2
Sun et al[22] Prednisone 1.0 mg/kg���������   �� ��� per day� �� ��� + ADV   6 mo 12 mo 0
Tang et al[23] Prednisone 0.5-0.8 mg/kg���������   �� ��� per day� �� ��� + MMF   6 mo 12 mo 0
Tang et al[24] Prednisolone 0.4 mg/kg���������   �� ���� �� ��� per day� �� ���� �� ��� + MMF + LAM   6 mo NA 0
Wu et al[25] Prednisolone 0.4 mg/kg��������������    �� ���� �� ��� per two days� �� ���� �� ��� + MMF + LAM   6 mo 12 mo 0
Xia et al[26] Prednisone 0.5 mg/kg���������   �� ��������  per day� �� ��������  + LEF +LAM   6 mo 12 mo 0

MMF: Mycophenolate mofetil; LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir dipivoxil; LEF: Leflunomide; IFNα: Interferon α; NA: Not available. 

Unless specified data are shown at 6 mo examination after treatment; ALT: Alanine aminotransferase; Scr: Serum creatinine; NA: Not available; CR: 
Complete remission; PR: Partly remission; HBV: Hepatitis B virus.

Table 3  Various changes of interventions used in individual studies

Ref. n ALT (U/L) Scr (mmol/L) Albumin (g/d) Proteinuria (g/d) Proteinuria HBV-DNA titer

Before After Before After Before After Before After CR PR Before After

Fang et al[9] 20 NA NA NA NA NA NA NA NA 13/20
(12 mo)

6/20
(12 mo)

NA NA

Cheng et al[16] 24 NA NA NA NA 21.0 ± 4.2 35.4 ± 6.5 6.3 ± 2.3 1.1 ± 1.2 9/24 11/24 5.2 ± 1.6
(12 mo)

5.1 ± 1.7
(12 mo)

Dang et al[17] 58 21.0 ± 10.3 21.6 ± 12.5 97.3 ± 38.2 92.5 ± 38.6 26.4 ± 4.9 39.0 ± 4.7 4.2 ± 2.1
(12 mo)

1.3 ± 1.5
(12 mo)

19/58 24/58 NA NA

He et al[18] 13 NA NA NA NA 25.8 ± 6.3 34.7 ± 7.0 7.3 ± 3.5 2.8 ± 1.4 NA NA NA NA
Liu et al[19] 25 72.5 ± 13.7 42.1 ± 8.2 NA NA 26.4 ± 8.1 37.1 ± 2.1 6.0 ± 3.7 1.8 ± 0.9 5/25 15/25 NA NA
Liu et al[20] 30 65.9 ± 23.6 62.6 ± 15.0 135.1 ± 83.5 86.0 ± 24.5 26.9 ± 6.0 37.8 ± 2.3 5.6 ± 3.4 1.9 ± 1.1 12/30

(9 mo)
12/30
(9 mo)

NA NA

Sun et al[21] 11 NA NA NA NA 25.3 ± 2.4 33.7 ± 3.1
(12 mo)

6.7 ± 2.5 2.1 ± 1.7 4/11
(12 mo)

5/11
(12 mo)

NA NA

Sun et al[22] 29 NA NA 105.0 ± 43.5 93.5 ± 35.2 29.5 ± 7.8 38.3 ± 6.9 85.8 ± 39.0
(mg/kg �������� per day�)

15.6 ± 8.4
(mg/kg �������� per day�)

NA NA NA NA

Tang et al[23] 9 27.4 ± 25.2 22.9 ± 4.3 95.3 ± 33.8 89.6 ± 34.3 26.0 ± 6.2 35.1 ± 5.6 4.9 ± 2.9 1.4 ± 0.7 4/9 4/9 NA NA
Tang et al[24] 21 27.0 ± 17 NA NA NA 22.4 ± 4.5 36.8 ± 5.6 5.0 ± 2.1 1.0 ± 1.33 15/21 3/21 5.3 ± 1.7

(12 mo)
5.1 ± 1.7
(12 mo)

Wu et al[25] 35 NA NA 135.3 ± 15.2 78.2 ± 11.5
(12 mo)

20.3 ± 4.9 41.6 ± 4.3
(12 mo)

5.2 ± 1.3 1.1 ± 0.1 20/35 10/35 4.8 ± 1.4
(12 mo)

4.7 ± 1.6
(12 mo)

Xia et al[26] 42 63.2 ± 22.9 43 ± 10.2
(12 mo)

126.6 ± 73.9 81.5 ± 13.9
(12 mo)

26.9 ± 6.5 37.8 ± 2
(12 mo)

3.5 ± 2.1 0.7 ± 0.4
(12 mo)

7/42
(12 mo)

29/42
(12 mo)

NA NA
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model was selected. A significant increase in the level of  
serum albumin was found after the treatments (mean dif-
ference: -11.95, 95% CI: -12.97-10.93, Figure 4).

Safety of combined therapy regarding liver function
Liver function was evaluated by assessing the level of  
ALT. The change in the ALT level after steroid combined 
therapy for HBV-GN was assessed from the results of  
4 trials[17,19,20,23] including 1 RCT[23] and 3 self-controlled 

studies[17,19,20]. The total number of  patients was 122. The 
χ 2 test of  heterogeneity was significant (P = 0.03), there-
fore the random-effect model was selected. There was no 
significant difference after the treatment (P = 0.21, Figure 
5); a transient elevation of  ALT was noted in 14 patients 
during the treatment but the treatment was not stopped. 
Elevation of  ALT was the most common side effect of  
combined therapy and accounted for 4.4% (14/317) of  
all the participants. These findings demonstrate the ne-

Male Female Risk ratio Risk ratio
Study or subgroup Events Total Events Total    Weight (%) M-H, fixed, 95% CI M-H, fixed, 95% CI

Cheng et al [16]   21   24   3   24     3.6   7.00 (2.40, 20.39)
Dang et al [17]   38   58 20   58   23.8 1.90 (1.27, 2.84)
Liu et al [19]   17   25   8   25     9.5 2.13 (1.13, 4.00)
Liu et al [20]   20   30 10   30   11.9 2.00 (1.14, 3.52)
Sun et al [21]     9   13   4   13     4.8 2.25 (0.92, 5.49)
Sun et al [22]   22   29   7   29     8.3 3.14 (1.60, 6.19)
Tang et al [23]     8     9   1     9     1.2   8.00 (1.24, 51.51)
Tang et al [24]   16   21   5   21     6.0 3.20 (1.44, 7.13)
Wu et al [25]   23   35 12   35   14.3 1.92 (1.14, 3.22)
Xia et al [26]   28   42 14   42   16.7 2.00 (1.24, 3.23)

Total (95% CI) 286 286 100.0 2.40 (1.98, 2.93)
Total events 202 84
Heterogeneity: χ² = 9.74, df = 9 (P  = 0.37); I ² = 8%
Test for overall effect: Z  = 8.76 (P  < 0.00001)

0.001            0.1      1       10             1000
       Favours female      Favours male

Figure 2  Gender difference in trials. M-H: Mantel-Haenszel.

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, fixed, 95% CI IV, fixed, 95% CI

Cheng et al [16]    6.3 2.3 24    1.1 1.2   24   10.2 5.20 (4.16, 6.24)
He et al [18]    7.3 3.5 13    2.8 1.4   13     2.6 4.50 (2.45, 6.55)
Liu et al [19] 6 3.7 25    1.8 0.9   25     4.9 4.20 (2.71, 5.69)
Liu et al [20]    5.6 3.4 30    1.9 1.1   30     6.7 3.70 (2.42, 4.98)
Sun et al [21]    6.7 2.5 13    2.1 1.7   13     4.1 4.60 (2.96, 6.24)
Tang et al [23]    4.9 2.9   9    1.4 0.7     9     2.9 3.50 (1.55, 5.45)
Tang et al [24] 5 2.1 21 1   1.33   21     9.7 4.00 (2.94, 5.06)
Wu et al [25]    5.2 1.3 35    1.1 0.1   35   58.9 4.10 (3.67, 4.53)

Total (95% CI) 170 170 100.0 4.19 (3.86, 4.53)
Heterogeneity: χ² = 5.30, df = 7 (P  = 0.62); I ² = 0%
Test for overall effect: Z  = 24.80 (P  < 0.00001) -10       -5       0        5       10

 Favours before  Favours after

Figure 3  Proteinuria change in steroid combination therapy. IV: Inverse variance.

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, fixed, 95% CI IV, fixed, 95% CI

Cheng et al [16] 21    4.2 24    35.4   6.5   24     10.9   -14.40 (-17.50, -11.30)
Dang et al [17]    26.4    4.9 58 39   4.7   58    34.1   -12.60 (-14.35, -10.85)
He et al [18]    25.8    6.3 13    34.7 7   13     4.0   -8.90 (-14.02, -3.78)
Liu et al [19]    26.4    8.1 25    37.1   2.1   25     9.7 -10.70 (-13.98, -7.42)
Liu et al [20]    26.8 6 30    37.8   2.3   30    19.7 -11.00 (-13.30, -8.70)
Sun et al [22]    29.5    7.8 29    38.3   6.9   29     7.2   -8.80 (-12.59, -5.01)
Tang et al [23] 26    6.2   9    35.1   5.6     9     3.5   -9.10 (-14.56, -3.64)
Tang et al [24]    22.4    4.5 21    36.8   5.6   21   11.0   -14.40 (-17.47, -11.33)

Total (95% CI) 209 209 100.0   -11.95 (-12.97, -10.93)
Heterogeneity: χ² = 11.66, df = 7 (P  = 0.11); I ² = 40%
Test for overall effect: Z  = 22.96 (P  < 0.00001)

        -20  -10   0    10   20
 Favours before   Favours after

Figure 4  Serum albumin change in combination therapy group. IV: Inverse variance. 
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cessity of  monitoring liver function during the treatment.

Safety of combined therapy regarding renal function
Renal function was assessed by evaluating the change in 
the serum creatinine (Scr) level. The level of  Scr after 
combined therapy for HBV-GN was assessed from the 
results of  4 trials[17,20,22,23], including 1 RCT[23] and 3 self-
controlled studies[17,20,22]. The total number of  patients 
was 126, and the χ 2 test of  heterogeneity was not signifi-
cant (P = 0.13). Therefore, the fixed-effect model was 
used. There was no significant increase in the level of  Scr 
after the treatments (P = 0.05, Figure 6).

HBV-DNA titer
A change in the HBV-DNA titer after combined therapy 
for HBV-GN was assessed from the results of  3 tri-
als[16,24,25] including 1 CCT[24] and 2 self-controlled stud-
ies[16,25]. The total number of  patients was 80. The χ 2 test 
of  heterogeneity was not significant (P = 0.99), and the 
fixed-effect model was used. There was no significant 
difference in the HBV-DNA titer before and after the 
treatments (P = 0.63, Figure 7). However, in one of  the 
12 articles included in this meta-analysis, one patient was 

reported to have an increase in the HBV-DNA titer after 
5 mo of  treatment, but the titer was stabilized following 
treatment with ADV[9].

Proteinuria in high-dose steroid subgroup vs low-dose 
steroid subgroup
The change in the proteinuria level in the high-dose ste-
roid therapy group was assessed from the results of  3 
trials[18,19,23] including 1 RCT[23], 1 CCT[18], and 1 self-con-
trolled study[19]. The total number of  patients was 47, and 
the χ 2 test of  heterogeneity was not significant (P = 0.77). 
Therefore, the fixed-effect model was used. High-dose 
steroid was found to reduce the proteinuria significantly 
(mean difference: 4.08, 95% CI: 3.06-5.11, Figure 8). 
Low-dose steroid therapy was assessed from the results 
of  4 trials[16,21,24,25] including 1 CCT[24] and 3 self-controlled 
studies[16,21,25]. The total number of  patients was 93, and 
the χ 2 test of  heterogeneity was not significant (P = 0.25). 
Therefore, the fixed-effect model was used. Low-dose 
steroid was also found to significantly reduce proteinuria 
(mean difference: 4.25, 95% CI: 3.88-4.61, Figure 8). 

The two subgroups were merged for analysis, and the 
χ 2 test of  heterogeneity of  the two subgroups was not 

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI

Dang et al [17] 21 10.3    58 21.6    12.5    58   36.3 -0.60 (-4.77, 3.57)
Liu et al [19] 72.4 13.7    25 59.9 14    25   28.1 12.50 (4.82, 20.18)
Liu et al [20] 65.9 23.6    30 62.6 15    30   22.9    3.30 (-6.71, 13.31)
Tang et al [23] 27.4 25.2    9 22.9     4.3    9   12.8      4.50 (-12.20, 21.20)

Total (95% CI) 122 122 100.0    4.62 (-2.55, 11.79)
Heterogeneity: Tau² = 32.40; χ² = 8.72, df = 3 (P  = 0.03); I ² = 66%
Test for overall effect: Z  = 1.26 (P  = 0.21)

-50         -25           0           25          50
Favours experimental   Favours control

Figure 5  Alanine aminotransferase change in combination therapy group. IV: Inverse variance.

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, fixed, 95% CI IV, fixed, 95% CI

Dang et al [17]     97.3 38.2   58     92.5 38.6   58   52.8    4.80 (-9.18, 18.78)
Liu et al [20] 135 83.5   30 89 28.5   30   10.3  46.00 (14.43, 77.57)
Sun et al [22] 105 43.5   29     95.9 32.4   29   26.5     9.10 (-10.64, 28.84)
Tang et al [23]     95.3 33.8     9     89.6 34.3    9   10.4     5.70 (-25.76, 37.16)
Total (95% CI) 126 126 100.0 10.29 (0.14, 20.45)
Heterogeneity: χ² = 5.60, df = 3 (P  = 0.13); I ² = 46%
Test for overall effect: Z  = 1.99 (P  = 0.05)            -100   -50    0    50   100

       Favours before   Favours after

Figure 6  Scr change in combination therapy group. IV: Inverse variance.

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, fixed, 95% CI IV, fixed, 95% CI

Cheng et al [16] 5.2 1.6 24 5.1 1.7 24   27.9 0.10 (-0.83, 1.03)
Tang et al [24] 5.3 1.7 21 5.1 1.7 21   23.0 0.20 (-0.83, 1.23)
Wu et al [25] 4.8 1.4 35 4.7 1.6 35   49.1 0.10 (-0.60, 0.80)

Total (95% CI) 80 80 100.0 0.12 (-0.37, 0.62)
Heterogeneity: χ² = 0.03, df = 2 (P  = 0.99); I ² = 0%
Test for overall effect: Z  = 0.49 (P  = 0.63)  -10           -5             0             5            10

        Favours before         Favours after

Figure 7  Hepatitis B virus-DNA titer change in combination therapy group. IV: Inverse variance.
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significant (P = 0.58). Therefore, the fixed-effect model 
was used. The combined therapy reduced proteinuria 
significantly after treatment (mean difference: 4.23, 95% 
CI: 3.89-4.57, Figure 8), and there was no significant dif-
ference between the two subgroups (P = 0.76, Figure 8).

Proteinuria changes in membranous glomerulonephritis 
subgroup vs mesangial proliferative glomerulonephritis 
subgroup
Comparisons of  the rate of  remission or the rate of  com-
plete remission in proteinuria between the membranous 
glomerulonephritis (MN) and mesangial proliferative glo-
merulonephritis (MsPGN) subgroups were assessed from 
the results of  6 trials[16,19,21,22,24,26] including 1 CCT[24] and 
5 self-controlled studies[16,19,21,22,26]. The total number of  
patients was 73 for the MN group and 35 for the MsPGN 
group (Table 4). The χ 2 test of  heterogeneity was not sig-
nificant (P = 0.79 and P = 0.62, respectively), therefore 
the fixed-effect model was selected. The proteinuria re-
mission rate did not differ between the two subgroups (RR 
= 0.94, 95% CI: 0.78-1.12, Figure 9). Also the complete 
remission rate of  proteinuria did not differ between the 
two subgroups (RR = 0.84, 95% CI: 0.51-1.37, Figure 9).

Change in level of proteinuria in MN subgroup vs 
membranoproliferative glomerulonephritis subgroup
Comparisons of  the remission rate and the complete re-
mission rate of  proteinuria between MN and membrano-
proliferative glomerulonephritis (MPGN) subgroups were 
assessed from the results of  5 trials[16,21,22,24,26] including 
1 CCT[24] and 4 self-controlled studies[16,21,22,26]. The total 
number of  patients was 79; 58 in the MN subgroup and 
21 in the MPGN subgroup (Table 4). The χ 2 test of  het-
erogeneity was not significant (P = 0.73 and 0.94, respec-
tively), and therefore the fixed-effect model was used. The 
proteinuria remission rate did not differ between the two 
subgroups (RR = 1.13, 95% CI: 0.81-1.56, Figure 10), and 

also the complete remission rate did not differ between the 
two subgroups (RR = 1.84, 95% CI: 0.81-4.19, Figure 10).

Other adverse events
None of  the studies assessed any other serious adverse 
events associated with the combined treatments. Almost 
all patients showed good tolerance although some pa-
tients had a transient increase in transaminases (4.4%), di-
arrhea (1.9%), loss of  appetite (1.26%), influenza-like ill-
ness (0.3%), dizziness (0.3%), and anemia (1.26%). These 
side effects did not affect the completion and follow-up 
of  the treatments.

Risk of bias in included studies
The overall quality of  the studies included in this meta-
analysis was suboptimal. Three studies had adequate 
allocation concealment and in all the rest the allocation 
concealment method was unclear. No study masked the 
participants or investigators to the intervention. Masking 
of  the outcome assessors was done in only two studies 
and almost all the studies included did not analyze the 
results on an intention-to-treat basis. Because different 
outcomes and different comparisons were reported, and 
often without full statistical details, it was not possible to 
meta-analyze all the data. Risk of  bias graph and sum-
mary are shown in Figures 11 and 12.

Publication bias
The funnel plots of  the study results against precision are 
shown in Figure 13 with the 95% confidence limits. No 
obvious publication bias was found in our meta-analysis.

DISCUSSION
HBV-GN is an uncommon but a well-described compli-
cation of  chronic hepatitis B. There is a high incidence 
of  morbidity and mortality although remission with 

Before After Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total  Weight (%) IV, fixed, 95% CI IV, fixed, 95% CI

High dose
He et al [18] 7.3 3.5 13 2.8 1.4 13     2.8 4.50 (2.45, 6.55)
Liu et al [19] 6 3.7 25 1.8 0.9 25     5.3 4.20 (2.71, 5.69)
Tang et al [23] 4.9 2.9 9 1.4 0.7 9     3.1 3.50 (1.55, 5.45)
Subtotal (95% CI) 47 47   11.2 4.08 (3.06, 5.11)
Heterogeneity: χ² = 0.53, df = 2 (P  = 0.77); I ² = 0%
Test for overall effect: Z  = 7.80 (P  < 0.00001)
Low dose
Cheng et al [16] 6.3 2.3 24 1.1 1.2 24   10.9 5.20 (4.16, 6.24)
Sun et al [21] 6.7 2.5 13 2.1 1.7 13     4.4 4.60 (2.96, 6.24)
Tang et al [24] 5 2.1 21 1 1.33 21   10.4 4.00 (2.94, 5.06)
Wu et al [25] 5.2 1.3 35 1.1 0.1 35   63.1 4.10 (3.67, 4.53)
Subtotal (95% CI) 93 93   88.8 4.25 (3.88, 4.61)
Heterogeneity: χ² = 4.07, df = 3 (P  = 0.25); I ² = 26%
Test for overall effect: Z  = 22.87 (P  < 0.00001)
Total (95% CI) 140 140 100.0 4.23 (3.89, 4.57)
Heterogeneity: χ² = 4.68, df = 6 (P  = 0.58); I ² = 0%
Test for overall effect: Z  = 24.16 (P  < 0.00001)
Test for subgroup differences: χ² = 0.09, df = 1 (P  = 0.76), I ² = 0%

 -10          -5           0           5          10
     Favours before         Favours after

Figure 8  Proteinuria remission rate in different dose glucorticosteroids subgroups. IV: Inverse variance.
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preservation of  renal function has been reported[2]. HBV-
GN has been reported from all over the world[10,27-31], but 

China is known to be the most endemic area with a high 
incidence of  progressive HBV-GN and poor prognosis in 

MN MsPGN Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95% CI M-H, fixed, 95% CI

R
Cheng et al [16]   3     5   5   6   7.8 0.72 (0.32, 1.60)
Liu et al [19] 11   15   6   7 14.1 0.86 (0.56, 1.31)
Sun et al [21]   3     4   3   3   6.7 0.80 (0.40, 1.58)
Sun et al [22] 11   12   5   6 11.5 1.10 (0.74, 1.64)
Tang et al [24]   6     7   6   6 11.9 0.88 (0.59, 1.29)
Xia et al [26] 28   30   6   7 16.7 1.09 (0.79, 1.50)
Subtotal (95% CI)   73 35 68.6 0.94 (0.78, 1.12)
Total events 62 31
Heterogeneity: χ² = 2.41, df = 5 (P  = 0.79); I ² = 0%
Test for overall effect: Z  = 0.71 (P  = 0.48)
CR
Cheng et al [16]   1     5   2   6   3.1 0.60 (0.07, 4.83)
Liu et al [19]   2   15   3   7   7.0 0.31 (0.07, 1.46)
Sun et al [21]   1     4   1   3   2.0 0.75 (0.07, 7.73)
Sun et al [22]   7   12   2   6   4.6 1.75 (0.51, 5.98)
Tang et al [24]   5     7   6   6 11.9 0.74 (0.44, 1.23)
Xia et al [26]   6   30   1   7   2.8 1.40 (0.20, 9.85)
Subtotal (95% CI)   73 35 31.4 0.84 (0.51, 1.37)
Total events 22 15
Heterogeneity: χ² = 3.55, df = 5 (P  = 0.62); I ² = 0%
Test for overall effect: Z  = 0.71 (P  = 0.48)
Total (95% CI) 146 70 100.0 0.90 (0.74, 1.10)
Total events 84 46
Heterogeneity: χ² = 6.67, df = 11 (P  = 0.83); I ² = 0%
Test for overall effect: Z  = 1.00 (P  = 0.32)
Test for subgroup differences: χ² = 0.17, df = 1 (P  = 0.68), I ² = 0%

  0.01        0.1          0           10          100
     Favours MN                 Favours MsPGN

Figure 9  Proteinuria remission rate in membranous glomerulonephritis and mesangial proliferative glomerulonephritis subgroups. M-H: Mantel-Haenszel; 
MN: Membranous glomerulonephritis; MsPGN: Mesangial proliferative glomemlonephrits; CR: Complete remission; R: Remission.

MN MPGN Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95% CI M-H, fixed, 95% CI

R
Cheng et al [16]   3     5   6   7 19.8 0.70 (0.32, 1.52)
Sun et al [21]   3     4   1   2   5.3 1.50 (0.34, 6.70)
Sun et al [22] 11   12   7   9 31.7 1.18 (0.40, 1.58)
Tang et al [24]   6     7   1   2   6.2 1.71 (0.41, 7.08)
Xia et al [26] 28   30   1   1 11.2 1.23 (0.55, 2.75)
Subtotal (95% CI)   58 21 74.1 1.13 (0.81, 1.56)
Total events 51 16
Heterogeneity: χ² = 2.01, df = 4 (P  = 0.73); I ² = 0%
Test for overall effect: Z  = 0.70 (P  = 0.48)
CR
Cheng et al [16]   1     5   1   7   3.3    1.4 (0.11, 17.45)
Sun et al [21]   1     4   0   2   2.5   1.80 (0.10, 31.52)
Sun et al [22]   7   12   3   9 13.6 1.75 (0.62, 4.95)
Tang et al [24]   5     7   0   2   2.9   4.13 (0.31, 54.06)
Xia et al [26]   6   30   0   1   3.7   0.84 (0.07, 10.18)
Subtotal (95% CI)   58 21 25.9 1.84 (0.81, 4.19)
Total events 20   4
Heterogeneity: χ² = 0.81, df = 4 (P  = 0.94); I ² = 0%
Test for overall effect: Z  = 1.46 (P  = 0.14)
Total (95% CI) 116 42 100.0 1.31 (0.93, 1.84)
Total events 71 20
Heterogeneity: χ² = 4.22, df = 9 (P  = 0.90); I ² = 0%
Test for overall effect: Z  = 1.57 (P  = 0.12)
Test for subgroup differences: χ² = 1.20, df = 1 (P  = 0.27), I ² =16.5%  0.002         0.1        0       10          500

     Favours MN            Favours MPGN

Figure 10  Proteinuria remission rate in membranous glomerulonephritis and membranoproliferative glomerulonephritis subgroups. M-H: Mantel-Haenszel; 
MN: Membranous glomerulonephritis; MPGN: Membranoproliferative glomerulonephritis; CR: Complete remission; R: Remission.
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adults[32]. Case reports and small scale reports have been 
published, but unfortunately a standardized treatment 
protocol and justification for the current therapeutic regi-
men are lacking.

Antiviral drugs have been recommended for treat-
ment of  HBV-GN because they can inhibit HBV rep-
lication and reduce proteinuria[31,33-35]. The mechanisms 
by which antivirals including IFN and the nucleoside 
analogues, e.g., lamivudine and entecavir, reduce the ne-
phrotic syndrome and decrease the proteinuria are known 
to be by their viral suppression and HBeAg seroconver-
sion, reduction of  serum HBV DNA, normalization of  
serum alanine transaminase[36]. On the other hand, the vi-
rological features of  HBV, i.e., the genotype or viral load, 

genetic barrier, drug potency, patient adherence, and the 
duration of  HBV infection, could play important roles in 
viral resistance even with nucleoside analogues that target 
the HBV DNA polymerase[37]. For patients who do not 
respond well to the antiviral therapy or/and have little 
signs of  proteinuria remission, immunosuppressants, es-
pecially the glucorticosteroids, are often empirically used 
in clinics. This is even true for cases treated in developing 
countries such as China[38]. In fact, immune complexes 
have been identified in the kidney indicating that the 
pathogenesis of  HBV-GN may be associated with an im-
mune reaction. This could be supportive for the use of  
immunosuppressants. However, the use of  steroids is still 
controversial because of  the risk of  activating viral infec-

0                 25                  50                 75                100  (%)
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Figure 11  Risk of bias graph: Review authors' judgments about each risk of bias item presented as percentages across all included studies. 
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Figure 12  Risk of bias graph: Review authors' judgments about each risk of bias item for each included study. 
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Table 4  Pathological type and proteinuria remission rate

Ref. Proteinuria remission rate Pathological type and proteinuria remission rate

MN MPGN MsPGN

R CR PR R CR PR R CR PR

Cheng et al[16] 20/24 3/5 1/5 2/5 6/7 1/7 5/7 5/6 2/6 3/6
Liu et al[19] 20/25 11/15   2/15   9/15 0 0 0 6/7 3/7 3/7
Sun et al[21]   9/11 3/4 1/4 2/4 1/2 0/2 1/2 3/3 1/3 2/3
Sun et al[22] 26/29 11/12   7/12   4/12 7/9 3/9 4/9 5/6 2/6 3/6
Tang et al[24] 18/21 6/7 5/7 1/7 1/2 0/2 1/2 6/6 6/6 0/6
Xia et al[26] 36/42 28/30   6/30 22/30 1/1 0/1 1/1 6/7 1/7 5/7

MN: Membranous glomerulonephritis; MPGN: Membranoproliferative glomerulonephritis; MsPGN: Mesangial proliferative glomemlonephrits; R: 
Remission; CR: Complete remission; PR: Partly remission. 
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tions[3]. In addition, the efficacy of  steroids has not been 
definitively determined.

It has been claimed that HBV-GN occurs predomi-
nantly in children and mainly in male patients[39]. The 
incidence of  male patients has been reported to be about 
1.5 to 2 times that of  female patients[40]. Our meta-analysis 
of  286 adult patients from 10 studies showed that there 
were 2.4 times more male patients than female patients. 
Because all of  the trials in this study were from China 
and considering the fact that China has a relatively larger 
population of  men than women (Census Bureau released 
in 2011: Chinese male to female population ratio = 
120:100), our analysis showed a still higher incidence of  

male patients. 
The use of  prednisone has been reported to cause 

a significant increase in the levels of  HBeAg and HBV-
DNA[5]. One recent meta-analysis also claimed that glu-
cocorticoid monotherapy did not significantly improve 
proteinuria[8]. However, favorable effects of  glucocorti-
coids have also been reported in reduction of  proteinuria 
in MsPGN/MN cases following HBV infection[10]. In ad-
dition, the proteinuria remission rate of  HBV-GN after 
glucocorticoid treatment in adults has been reported to 
be 75% which is much higher than that for antiviral treat-
ment (28.6%)[10].

Our analysis showed that most patients with HBV-
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Figure 13  Publication bias analysis. A: Funnel plots of proteinuria treatment with steroid combination therapy; B: Funnel plots of serum albumin change with steroid 
combination therapy; C: Funnel plots of proteinuria change under different combined glucorticosteroids drugs; D: Funnel plots of remission rate vs complete remis-
sion rate of MN and MsPGN groups; E: Funnel plots of remission rate vs complete remission rate of MN and MsPGN groups. MN: Membranous glomerulonephritis; 
MsPGN: Mesangial proliferative glomemlonephrits; R: Remission; CR: Complete remission; RR: Relative risk; MD: Mean difference.
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GN were successfully treated with combined antiviral and 
immunosuppressant therapy with an overall estimated 
rate for proteinuria remission of  83%. Only 2 patients in 
the treated group dropped out but both were due to eco-
nomic reasons. Our analyses also demonstrated that the 
combined therapy can effectively elevate the level of  se-
rum albumin. To the best of  our knowledge, few reports 
exist in literature regarding the comparison of  combined 
therapy with monotherapy of  either antivirals or im-
munosuppressants. Thus, it could be an overstatement 
to conclude that the combined therapy is superior to 
antivirals or steroids. However, at least our meta-analysis 
provides evidence showing the efficacy and safety of  this 
combined therapy of  antivirals and immunosuppressants, 
which is actually a widespread practice in China. 

Low-dose steroid therapy is aimed at reducing HBV 
replication while minimizing the risk of  HBV activation. 
Both high-dose and low-dose groups showed similar 
efficacy of  proteinuria reduction following treatment, 
indicating that low-dose steroid is effective and should 
be recommended for its safety. In addition, all of  the 
reviewed patients tolerated steroid therapy well without 
occurrence of  liver dysfunction or renal insufficiency.

Our analysis also revealed that no significant increase 
in the viral titers was observed after combined therapy. 
However, because the observation time was relatively 
short, long term effects of  the combined therapy should 
be evaluated in the future. 

The most common pathological type of  HBV-GN 
is membranous nephropathy (MN; 50%), followed by 
MPGN and MsPGN[3]. Our study of  6 trials (152 pa-
tients) showed that MN accounted for 48% and MPGN 
+ MsPGN for 36.8% of  the phenotypes of  HBV-GN. 
To determine the efficacy of  combined therapy for the 
different pathological types, the trials were divided into 
three subgroups: MN, MsPGN, and MPGN. The pro-
teinuria remission rate and complete remission rate were 
compared between the MN group and the MPGN group. 
There was no significant difference between the two 
groups. Comparisons of  other pathological types could 
not be included in this analysis because the number of  
patients was small. Further studies of  larger sample sizes 
are needed to solve this question. 

As with all meta-analyses, our study had some biases. 
Firstly, negative trials are sometimes less likely to be pub-
lished. To overcome this, we tried to obtain data from as 
many sources as possible. We used Funnel plots to test 
our review for publication bias. The risk of  having missed 
trials was acceptably low. Secondly, the number of  high 
quality clinical trials and number of  studied patients were 
limited. Thirdly, we found that randomization and mask-
ing were not satisfactory and the allocation concealment 
of  many studies was not available. Therefore, selection 
bias cannot be completely ruled out. More adequately 
powered RCTs with sufficient follow-up periods are defi-
nitely needed in future studies. Such RCTs should assess 
clinically important outcomes such as mortality, long-term 
relapse rate, and long-term HBV-DNA titer. Furthermore, 
the antiviral therapy should also be in a standard format 

in conformity with the APASL guidelines (Seoul 2008)[41], 
which would be beneficial for future analysis.

In summary, our meta-analysis of  12 clinical trials 
showed that combined therapy with antivirals and immu-
nosuppressants is an effective and safe regimen for adult 
patients diagnosed with HBV-GN. Low-dose steroid is 
effective and can be recommended. 

COMMENTS
Background
Hepatitis B virus-associated glomerulonephritis (HBV-GN) is one of the most 
common secondary glomerular diseases in developing countries such as 
China. To clear the viral antigen and abrogate the proteinuria is crucial for liver 
and renal function preservation and for decreasing the morbidity and mortality 
of this disease. 
Research frontiers
HBV-GN treatment includes antiviral drugs, e.g., interferon and lamivudine, or 
immunosuppressants, e.g., glucocorticosteroids and mycophenolate mofetil. Al-
though antivirals have been proven to be effective in clearing the viral antigens 
and attenuating the proteinuria, the safety and efficacy of immunosuppressants 
are still controversial. 
Innovations and breakthroughs
A recent meta-analysis study showed that treatment of HBV-GN with corticoste-
roids only was not effective in proteinuria remission. However, this conclusion 
was drawn by analysis of data from both adult and pediatric patients, and be-
cause spontaneous remission can occur in children, this could have confound-
ed the effectiveness of corticosteroid treatment in adult patients. To date, the 
current meta-analysis is the first to study the efficacy and safety of combined 
therapy with antivirals and immunosuppressants in adult HBV-GN patients. 
Applications
The results of this meta-analysis should be beneficial for investigators and clini-
cians for obtaining information for the therapy of HBV-GN. Antivirals combined 
with immunosuppressants are effective and safe for adult patients and low-dose 
steroid can be recommended. All of the evidence in this paper supports the use of 
immunosuppressants which are being empirically used in the Asia-Pacific regions.
Terminology
HBV-GN is a clinical entity in which viral antigen and immune complexes have 
been identified in kidney, indicating that the pathogenesis of this disease may 
be associated with immune reaction. HBV-GN can be mainly separated into 
membranous glomerulonephritis, mesangial proliferative glomerulonephritis and 
membranoproliferative glomerulonephritis subgroups.
Peer review
This paper has major clinical implications and may change clinical policy.
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