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INTRODUCTION
Chronic kidney disease is a global public health problem, 

whose incidence and prevalence rates are increasing yearly, 
and the prognosis is poor with high treatment costs. The 
prevalence of chronic kidney disease in China is approximately 
10.8%.1 The most common cause is glomerular disease, 
which is also the most common cause of end-stage kidney 
disease. Membrane nephropathy is a common chronic kidney 
disease, accounting for approximately 1/3 of glomerular 
diseases,2 among which patients with unknown etiology are 
called idiopathic membranous nephropathy, accounting for 
approximately 4/5 of membrane nephropathy. With the 
progress of technology and economic development, the 
detection and prevalence of idiopathic membranous 
nephropathy in China are increasing yearly. However, the 
current treatment of idiopathic membranous nephropathy 
relies on empirical treatment regimens such as hormones 

and immunosuppressants, with unclear prognosis and easy 
recurrence. About one-third of patients, regardless of the 
hormone or immunosuppressive regimen used, will enter the 
stage of end-stage renal disease, seriously affecting their 
quality of life and survival.3 Membranous nephropathy is 
characterized by the deposition of immune complexes under 
the epithelial cells of the glomerular basement membrane 
and the thickening of the glomerular basement membrane. It 
is a group of diseases that typically do not involve the 
proliferation of glomerular intrinsic cells and local 
inflammatory reactions. For patients with unknown causes, it 
is called idiopathic membranous nephropathy, also known as 
primary membranous nephropathy. Idiopathic membranous 
nephropathy has a long course and a hidden onset, with 
approximately 80% of patients presenting with nephrotic 
syndrome prone to complications such as thromboembolism. 
Significant differences exist in the clinical prognosis of 
patients with idiopathic membranous nephropathy, with 
about one-third of patients experiencing spontaneous 
remission, one-third presenting with persistent proteinuria, 
and one-third developing into end-stage kidney disease.4 
Immunosuppressive therapy and non-immunosuppressive 
therapy are commonly used methods in modern medicine to 
treat this disease. The former mainly includes glucocorticoids 
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Background • The detection and prevalence of idiopathic 
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trials on the effects of mycophenolate mofetil combined with 
hormones in the treatment of idiopathic membranous 
nephropathy. After literature quality evaluation, data analysis 
was performed using RevMan 5.3 software. 
Results • 12 studies were ultimately included in this meta-
analysis. 12 studies reported that, compared with the 
control group, the effective rate (OR: 1.15; 95% CI: 1.06,  

1.26; P < .001), 24hUP (SMD:-0.35; 95% CI: -0.47, -0.23;  
P < .001), Alb (SMD: 1.92; 95% CI: -0.51, 4.36; P = .122), 
Scr (SMD: 4.44; 95% CI: -10.26, 1.38; P = .135), TG (SMD: 
0.51; 95% CI: 0.88, 0.15; P < .01) and adverse events (OR: 
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significantly higher. 
Conclusion • The results of this study suggested that 
mycophenolate mofetil combined with hormone may be 
effective on patients with idiopathic membranous 
nephropathy, as evidenced by effective rate, 24hUP, Alb, 
Scr, TG, adverse events, and the above conclusions need to 
be verified by more high-quality studies. (Altern Ther 
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Types of Outcome Measures. 
According to research, the assessment tools for the 

effects of mycophenolate mofetil combined with hormone in 
the treatment of patients with idiopathic membranous 
nephropathy were: 1) Effective rate; 2) 24-hour urinary 
protein quantity: 24hUP (g/24 h); 3) Serum albumin: Alb 
(g/L); 4) Serum creatinine: Scr (μmol/L); 5) Triglyceride: TC 
(mmol/L); 6) Adverse events.  

Search Strategy. 
Retrieved the following databases: Cochrane Library, 

PubMed, EMbase, Web of Science, CNKI, China Biomedical 
Literature Database (CBM), VIP, and WanFang. The search 
term is “Mycophenolate Mofetil” and “Idiopathic Membranous 
Nephropathy.” The time span of the literature search was the 
database establishment until February 2022. The specific steps 
of the literature search were: 1) Search for relevant documents 
in the databases, reading the title, abstract, and keywords to 
further identify the search terms for this study; 2) "MeSH 
Terms" was used to identify the subject terms, and using a 
combination of subject words and keywords.

Data Extraction and Quality Assessment.
After initial screening of the abstracts, literature 

screening results were obtained by reading the full text, 
which were completed independently by 2 researchers. The 
researchers exchanged screening results, discussed dissenting 
literature and consulted a third researcher when necessary 
until the results were agreed upon. The information extracted 
from the data includes basic information about the literature, 
type of study, study objects, sample size, intervention content, 
outcome measures, etc. 

Statistical Analysis. 
This meta-analysis was conducted by using Review 

Manager (RevMan). Effects were combined: 1) The outcome 
measures in this study were all measured data. Given the 
different tools used to evaluate. There are differences between 
scores, the standardized mean difference (standardized mean 
difference, SMD) and 95% confidence interva (CI) was used 
as an indicator of effect. 2) Heterogeneity test: Chi-square 
tests were used to determine whether there is heterogeneity 
between studies. If P > .1, I2 < 50%, the included studies were 
considered more homogeneous, and a fixed-effects model 
Meta-analysis was used; If P < .1, I2 ≥ 50%, the included 
studies were considered heterogeneous and a random-effects 
model Meta-analysis was used. Furthermore, possible 
differences of qualitative factors were subgroup analyzed.

RESULTS 
Search Results 

Based on the search strategy, 652 references were 
identified. After excluding duplicate studies, 47 studies were 
screened based on abstract and title. Then, 21 articles were 
evaluated in full text. After full-text evaluation, 9 records 
were excluded for the following reasons: data mismatch (n = 

and immunosuppressants, while the current treatment 
regimen dominated by immunosuppression has its 
advantages, disadvantages, and side effects.

Mycophenolate mofetil (MMF) is a 2-ethylated derivative 
of mycophenolic acid, which was gradually applied for the 
treatment of immune-mediated kidney disease in the mid to 
late 1990s. Comparative studies have shown that the new 
generation of immune suppressant, mycophenolate mofetil, 
has no hepatorenal toxicity and has good anti-inflammatory 
and immunosuppressive effects. Mycophenolate mofetil can 
specifically inhibit the dehydrogenation activity of 
hypoxanthine nucleotides in the lymphocyte purine synthesis 
pathway, block the de novo synthesis of guanine nucleotides, 
deplete guanine nucleotides, and then block DNA synthesis. 
It can selectively act on T and B lymphocytes to inhibit their 
cell proliferation but has no inhibitory effect on most non 
lymphocytes. There are very few common adverse reactions 
such as liver, kidney, and bone marrow, which are usually 
caused by other immunosuppressants. In recent years, 
mycophenolate mofetil has been widely used in some non-
transplant fields, such as the treatment of systemic lupus 
erythematosus, rheumatoid arthritis, autoimmune hemolytic 
anemia, and other diseases, and has shown its unique 
efficacy.5-6 Mycophenolate mofetil improves the infiltration of 
inflammatory cells in blood vessels and renal tissues and 
reduces the permeability of the glomerular filtration 
membrane, thereby reducing proteinuria and delaying kidney 
damage. Mycophenolate mofetil can reduce the production 
of IgA in lymphocytes, reverse the abnormal O-glycosylation 
level of IgA1 in peripheral lymphocytes, and thus reduce the 
deposition of IgA immune complexes under the endothelium 
and mesangium. It can significantly reduce proteinuria, 
protect renal function, and lower adverse reaction incidence.7-8 

Thus, we conducted a meta-analysis to examine the 
effect of mycophenolate mofetil combined with hormones in 
patients with idiopathic membranous nephropathy.

MATERIALS AND METHODS
Selection of Studies.

The study design type was published in controlled trials 
on the effects of mycophenolate mofetil combined with 
hormone in patients with idiopathic membranous 
nephropathy. However, the animal trials were excluded.

Selection of Participants. 
Patients with idiopathic membranous nephropathy 

treated with combined mycophenolate mofetil and hormone.  

Types of Interventions.
Patinets in the intervention group received 

mycophenolate mofetil combined with hormone in the 
treatment of patients with idiopathic membranous 
nephropathy, and the control group received hormone 
combined with other drugs in the treatment of patients with 
idiopathic membranous nephropathy.
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was not significant compared with the control group (SMD: 
1.92; 95% CI: -0.51,4.36; P = .122, Figure 3A). Compared 
with the control group, mycophenolate mofetil combined 
with hormone in the treatment of patients with idiopathic 
membranous nephropathy did not increase the level of Alb. 
The results of all these trials showed high heterogeneity and 
a sensitivity analysis was conducted (Figure 3B).

Scr 
7 studies reported the Scr of the test group and the 

control group. Meta-analysis showed that the Scr of the test 
group was not significant compared with the control group 
(SMD: 4.44; 95% CI: -10.26, 1.38; P = .135, Figure 3C). 
Compared with the control group, mycophenolate mofetil 
combined with hormone in treating patients with idiopathic 

7) and missing data (n = 2). Ultimately, 12 studies9-20 were 
included in this meta-analysis (Table 1). The PRISMA 
statement flow chart shows this process (Figure 1).

Effective rate 
12 studies reported the effective rate of the test and 

control groups. Meta-analysis showed that the effective rate 
of the test group was significantly higher (OR: 1.15; 95% CI: 
1.06,1.26; P < .001, Figure 2A) than the control group. Funnel 
plot is relatively symmetrical (Figure 2B). These results 
showed low heterogeneity and a sensitivity analysis was 
conducted (Figure 2C). Compared with the control group, 
mycophenolate mofetil combined with hormones in treating 
patients with idiopathic membranous nephropathy increased 
the effective rate. The Begg’s Test was 0.945, and the Egger’s 
test was 0.810, so the results were relatively stable and there 
was no obvious bias.

24hUP 
8 studies reported the 24hUP of the test group and the 

control group. Meta-analysis showed that the 24hUP of the 
test group was significantly lower than the control group 
(SMD: -0.35; 95% CI: -0.47,-0.23; P < .001, Figure 2D). The 
funnel plot was relatively symmetrical (Figure 2E). Compared 
with the control group, mycophenolate mofetil combined 
with hormones in the treatment of patients with idiopathic 
membranous nephropathy decreased the 24hUP. The results 
of all these trials showed low heterogeneity and a sensitivity 
analysis was conducted (Figure 2F).

Alb 
7 studies reported the Alb of the test group and the 

control group. Meta-analysis showed that the test group’s Alb 

Table 1. The basic characteristics of the included studies. 

Study (ref.)
Sample
Size(T/C)

Man/
Woman

Age(years)
(Mean±SD) 
(T/C) T C Main Outcomes

Branten, 2007 32/32 48/16 55±14/
56±12 MMF+Pre CTx+Pre ①⑥

Choi, 2018 21/18 25/14 57.7±10.0/ 
52.7±10.9 MMF+Pre CTx+Pre ①②③④⑥

Peng, 2016 30/30 30/30 39.9±14.3/ 
40.8±13.3 MMF+Pre CTx+Pre ①②③⑥

Guo, 2020 51/51 54/48 48.79±4.85/ 
48.62±4.78 MMF+Pre Pre ①⑤⑥

Li, 2017 20/20 31/9 44.2±11.81/ 
43.55±12.45 MMF+Pre+Tac CTx+Pre ①②③⑥

Fu, 2012 13/13 17/9 43.1±11.9/ 
42.7±14.5 MMF+Pre CTx+Pre ①④⑥

Miao, 2020 50/50 65/35 53.57±9.12/ 
53.36±8.92 MMF+Pre+Tac Tac+Pre ①②④⑥

Long, 2011 32/32 36/28 47.0±6.1/ 
42.74±7.3 MMF+Pre CTx+Pre ①⑥

Ren, 2011 26/26 36/16 46.6±5.2/ 
41.1±8.5 MMF+Pre CTx+Pre ①②③④⑤⑥

Guan, 2013 20/20 19/21 25-53 MMF+Pre CTx+Pre ①②③④⑥

Chen, 2018 20/20 18/22 58.73±6.91/ 
59.44±5.68 MMF+Pre CTx+Pre ①②③④⑤⑥

Ning, 2020 27/26 29/24 41.8±8.3/ 
40.9±8.6 MMF+Pre CTx+Pre ①②③④⑥

Abbreviations: T, test group; C, control group; MMF, Mycophenolate 
Mofetil; Pre, Prednisolone; CTx, Cyclophosphamide; Tac, Tarolimus; 
①Effective rate; ②24-hour urinary protein quantity: 24hUP (g/24 h); 
③Serum albumin: Alb(g/L); ④Serum creatinine: Scr(μmol/L); 
⑤Triglyceride: TG(mmol/L); ⑥Adverse events. 

Figure 1. Flow Chart.

Figure 2. Results of the Meta-analysis for effective rate and 
24-hour urinary protein quantity. A: Forest illustration of the 
effective rate. B: Funnel plot of the effective rate. C: Sensitivity 
analysis of the effective rate. D: Sensitivity analysis of the 
effective rate. E: Funnel plot of the 24-hour urinary protein 
quantity. F: Sensitivity analysis of the 24-hour urinary 
protein quantity.
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adverse dvents events were insignificant compared with the 
control group (OR: 0.86; 95% CI: 0.67,1.11; P = .255, Figure 
3G). Compared with the control group, mycophenolate 
mofetil combined with hormones in treating patients with 
idiopathic membranous nephropathy did not increase the 
adverse events. All these trials showed low heterogeneity and 
a sensitivity analysis was conducted (Figure 3H).

DISCUSSION
The current treatment options for idiopathic membrane 

nephropathy include non-immunosuppressive therapy and 
immunosuppressive therapy. The 2020 KDIGO guidelines21 
recommend targeted treatment for patients with 24-hour 
urinary protein quantification levels consistently below 3.5g 
and no abnormalities in renal function. Immunosuppressants 
are recommended when the patient’s urinary protein 
quantification level remains above 3.5g/24h, or after non-
immunosuppressive treatment, the level remains above 50% 
of the baseline level without a downward trend, or the patient 
has serious complications related to nephrotic syndrome, or 
the patient’s serum creatinine increases by ≥30% within 6 to 
12 months. Non-immunosuppressive therapy includes a low-
salt, low-fat, and high-quality-protein diet and uses ACEI/
ARB therapy to reduce proteinuria, controlling blood lipids, 
edema, anticoagulation, and other basic Western medicine 
treatments. In addition, studies have shown that the 
combination of angiotensin-converting enzyme inhibitor 
(ACEI) and lipid-lowering drugs can significantly reduce 
proteinuria and effectively protect renal function. In patients 
whose ACEI drug alone cannot effectively reduce the severe 
renal damage caused by proteinuria, the clinical effect of the 
combination is more significant.

The classic immunosuppressive therapy regimen is 
glucocorticoid and cyclophosphamide, which is inexpensive, 
has a definite immunosuppressive effect, and is the only 
proven solution to prevent end-stage kidney disease. For 
patients who do not want to use glucocorticoid combined 
with cyclophosphamide or have contraindications to use it, 
calcineurin inhibitor, mainly represented by tacrolimus and 
cyclosporine, can be used to stabilize the podocyte actin 
cytoskeleton, thus reducing the content of plasma PLA2R 
antibody, to reduce proteinuria. Studies have shown that 
tacrolimus and cyclosporine A are equivalent in treating 
idiopathic membrane nephropathy. Monoclonal antibody 
drugs led by rituximab can efficiently kill and clear B cells, 
and reduce the production of autoantibodies, with stable 
therapeutic effect and high safety profile. There is no 
consensus in clinical practice on the optimal dosage, course 
of treatment, and whether combination therapy is necessary 
for rituximab. Other monoclonal antibody drug therapy 
types still require evidence-based medical evidence to clarify 
the conclusion. A preliminary attempt has been made to use 
multi target immunosuppressive therapy for idiopathic 
membrane nephropathy. Currently, in kidney diseases, the 
main multi-target immunosuppressive regimen is 
glucocorticoids + calcineurin inhibitors + mycophenolate 

membranous nephropathy did not decrease the level of Alb. 
All these trials showed high heterogeneity, and a sensitivity 
analysis was conducted (Figure 3D).

TG 
3 studies reported the TG of the test group and the 

control group. Meta-analysis showed that the TG of the 
experimental group was significantly lower than the control 
group (SMD:0.51; 95% CI: 0.88,0.15; P < .01, Figure 3E). 
Compared with the control group, mycophenolate mofetil 
combined with hormones in treating patients with idiopathic 
membranous nephropathy decreases the TG. All these trials 
showed high heterogeneity and a sensitivity analysis was 
conducted (Figure 3F).

Adverse Events 
11 studies reported adverse events in the test group and 

the control group. Meta-analysis showed that the test group’s 

Figure 3. Results of the Meta-analysis for serum albumin, 
serum creatinine, triglyceride and adverse events. A: Forest 
illustration of the serum albumin. B: Sensitivity analysis of 
the serum albumin. C: Forest illustration of the serum 
creatinine. D: Sensitivity analysis of the serum creatinine. E: 
Forest illustration of the triglyceride. F: Sensitivity analysis of 
the triglyceride. G: Forest illustration of the adverse events. 
H: Sensitivity analysis of the adverse events.
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mofetil. -target immunotherapy is expected to further reduce 
the adverse reactions of immunosuppressantsreduce and 
further reduce the adverse reactions of immunosuppressants, 
but its effectiveness needs to be clinically validated.22-25

A total of 12 literatures were included in this study, 
including 342 patients in the test group and 338 patients in 
the control group. Meta-analysis showed that patients with 
idiopathic membranous nephropathy who received hormone 
combined with mycophenolate mofetil had a higher effective 
rate than those who recived hormone combined with other 
drugs. Meta-analysis showed a satisfactory effective rate for 
the test group (OR: 1.15; 95% CI: 1.06,1.26; P < .001). Based 
on the results of the Meta-analysis, the 24hUP of the test 
group was significantly lower than the control group(SMD: 
-0.35; 95% CI: -0.47, -0.23; P < .001). Based on the results of 
the Meta-analysis of Alb, the Alb of the test group was not 
significant compared with the control group (SMD: 1.92; 
95% CI: -0.51, 4.36; P = .122). Based on the Meta-analysis of 
Scr results, compared to the control group, the Scr of the test 
group was insignificant (SMD: 4.44; 95% CI: -10.26, 1.38; P = 
.135). Meta-analysis showed that the TG of the test group was 
significantly lower than the control group (SMD:0.51; 95% 
CI: 0.88,0.15; P < .01). Compared with the control group, 
Meta-analysis showed that there was no significant difference 
in adverse events in the test group (OR: 0.86; 95% CI: 
0.67,1.11; P = .255). These results provided a rationale for the 
clinical use of mycophenolate mofetil combined with 
hormones in idiopathic membranous nephropathy, and 
physicians should consider the actual situation of patients 
when using this regimen for treatment.

The limitations of this systematic review are: Only 
Chinese and English literature was searched, and there may 
be incomplete research inclusion and bias in selection. 
Therefore, you should be objective about some of the results 
of this Meta-analysis.

CONCLUSION
The results of this study suggested that mycophenolate 

mofetil combined with hormone may be effective on patients 
with idiopathic membranous nephropathy, as evidenced by 
effective rate, 24hUP, Alb, Scr, TG, adverse events, and the above 
conclusions need to be verified by more high-quality studies.  
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