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META-ANALYSIS OF THE EFFICACY OF BAILING CAPSULE IN THE TREATMENT OF CHRONIC 
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ABSTRACT

Allogeneic kidney transplantation is currently recognized as one of the effective treatments for end-stage renal disease. Chronic 
allograft nephropathy (CAN) usually occurs six months after kidney transplantation. Renal dysfunction is a clinical feature of CAN, 
which is accompanied by hypertension and proteinuria, and there is currently no effective treatment. The main ingredient of Bailing 
Capsule is fermented Cordyceps mycelium dry powder, which has therapeutic effects on various kidney diseases. We searched for 
relevant literature and finally selected five articles for inclusion in the study for meta-analysis. The results showed that compared with 
the control group, the condition of the Bailing Capsule test group was significantly improved. The number of cases with worsening 
and ineffective treatment was significantly less than that of the control group. Renal function related indicators: test group SCr (SMD 
-1.842, 95% CI -2.638 to -1.047 p = 0.000), BUN (SMD -0.277, 95% CI -0.482 to -0.072 p = 0.008), 24h Upro (SMD - 1.378, 95% 
CI -2.152 to -0.603 p = 0.000) was significantly reduced, while CCR (SMD 0.770, 95% CI 0.558-0.982 p = 000) was significantly 
elevated. Therefore, we can initially determine that Bailing Capsule has a good effect on CAN treatment, which can effectively improve 
the patient's condition, and has considerable clinical value and application prospects.
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Introduction

Compared with chronic dialysis methods, renal 
allografts provide better help for patients with end-
stage renal disease(1). The mortality rate of patients 
receiving kidney transplantation was 54% lower. 
Their life expectancy is 17.19 years, while the life 
expectancy of dialysis patients is only 5.84 years(2). 
However, chronic allograft nephropathy is still an 
important reason for the long-term survival of kid-
ney transplant patients. So far there is no effective 
treatment. The pathogenesis of CAN is complex 
and not fully understood, involving a variety of im-
munological and non-immune factors. Prevention 
and treatment of CAN require multidisciplinary ef-
forts(3). CAN is characterized by progressive renal 
insufficiency with chronic interstitial fibrosis, tubu-
lar atrophy, vascular occlusive changes, and glomer-
ular sclerosis.

It is the leading cause of kidney transplant fail-
ure. Modern immunosuppressive therapy helps re-
duce the incidence of acute rejection, resulting in an 
outstanding 1-year kidney transplant survival rate of 
90%-95%.

The average half-life of transplanted kidneys in 
the United States is about one year longer than the 
half-life of 1988(4). By introducing cyclosporin and 
tacrolimus, the one-year survival rate of the graft 
has been dramatically improved. However, as the 
research progressed, we found that these calcineurin 
inhibitors produce nephrotoxicity. They are one of 
the leading causes of chronic graft injury(5, 6). In the 
early 1980s, cyclosporin A greatly improved the sur-
vival rate of allogeneic kidney transplantation in the 
first year. The graft loss rate and "organ half-life" did 
not change after the first year. It is a significant prob-
lem in kidney transplantation(7). Tacrolimus is a po-
tent immunosuppressive drug that reduces the risk of 
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organ rejection. Akhtar used a mouse model to study 
the toxic effects of tacrolimus on kidney and lung(8). 
After over-immunization, most kidney transplant 
recipients develop systemic complications (such as 
cardiovascular disease, malignancy, diabetes, and 
metabolic disorders)(9). 

Therefore, there is an urgent need to find an im-
munomodulatory drug as an aid to reduce dose and 
side effects. Cordyceps Sinensis is a traditional Chi-
nese herbal medicine that can effectively improve 
immune defense function and regulate immune sta-
tus. In recent years, as an immunomodulator, it has 
been widely used in post-transplant patients in Chi-
na. CS has a two-way immunomodulatory effect and 
is used alone as an immunosuppressive agent. It can 
prolong the survival time of the graft(10, 11). More and 
more scholars have studied the supporting role of CS 
in clinical kidney transplantation. Li found that the 
use of CS may reduce the dose and concentration 
of cyclosporin, thereby reducing side effects without 
increasing the risk of acute rejection. Also, Cs and 
low doses of cyclosporin can reduce proteinuria and 
delay the progression of the disease(12).

Ding studied Cs in a rat model. A potential syn-
ergistic effect of Cs and cyclosporin in allogeneic 
kidney transplantation was also found. The cyclo-
sporine dose reduction further avoids the associated 
side effects(13). Cordyceps Sinensis is widely used, 
but the production of Cordyceps sinensis is limited 
and cannot be widely applied. The cultivated Cord-
yceps sinensis and the natural Cordyceps sinensis 
have similar chemical compositions(14). Bailing Cap-
sule is a dry powder of Cordyceps sinensis myceli-
um, which also has the functions of regulating im-
mune function, protecting liver and kidney function, 
promoting hematopoiesis, improving hypoproteine-
mia and hyperlipidemia, reducing infection and re-
ducing proteinuria(15). 

Based on the combined results of serum cre-
atinine value, BUN, urine protein and other related 
indicators, we evaluated the efficacy of Bailing Cap-
sule in the treatment of chronic allograft nephropa-
thy, in order to provide a theoretical basis for clinical 
diagnosis.

  
Materials and method

Standard of research 
The two authors independently completed the 

screening of the included studies and finally summa-
rized them. For controversial research, they decide 
after discussion. Bailing Capsule is a clinical study 

for the treatment of chronic allograft nephropathy 
as an adjuvant drug for immunological preparations. 
We combined these studies to evaluate the therapeu-
tic effects of Bailing Capsules. 

The inclusion criteria were as follows: 
• All included studies were eligible for CAN 

diagnosis; 
• All clinical studies were of randomized con-

trolled trials, and the patients involved in the study 
were unrestricted in age and gender. Patients in the 
control group and the experimental group were ran-
domly assigned, and essential indicators (including 
gender, age, blood pressure, blood lipids, survival 
time, initial serum creatinine, blood urea nitrogen, 
creatinine clearance, 24h urine protein) were started 
at the beginning of the study. There was no signifi-
cant difference in time; 

• All patients in each study must receive the 
same immunosuppressive intervention; 

• The data included in the study needs to be 
complete; otherwise, subsequent analysis cannot be 
performed; 

• Ensure that there is no duplication in each 
study to avoid unreasonable analysis results.

 
Data retrieval
In the database (Medline, ScienceDirect, 

Cochrane Library, China National Knowledge Infra-
structure, Wanfang, Weipu Electronics), we searched 
all the Bailing Capsules for the treatment of CAN 
clinically related research from 2000 to the pres-
ent. We also manually searched the initial study 
and meeting abstracts, which were not recognized 
by other searches. Filtering the reference list of all 
retrieved articles helps us to obtain other potential 
research. The search terms are as follows: Cordy-
ceps, Cordyceps Sinensis, Bailing capsule, chronic 
allograft nephropathy.

 
Data extraction 
When extracting data, the two authors also 

completed independently, and finally summarized 
them, and decided after a controversial joint discus-
sion. Data included author, time of publication, type 
of study, number of cases per study, age of patient, 
intervention, and the dose of Bailing Capsule. 

The main observations were SCr, 24 h Upro, 
BUN, and CCr. For the number of patients with wors-
ening and the number of stable and improved patients 
in each study, we extracted clinical prognosis results 
and performed statistics and mergers, and then evalu-
ated the therapeutic effect of Bailing Capsules.
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Data analysis and research quality evaluation  
Meta-analysis was performed on the data sum-

marized by each study using Stata version 12.0. For 
continuous variables, the summary results (SCR, 24 
h Upro, BUN, and CCr,) are expressed as normalized 
mean difference (SMD), and the confidence interval 
is 95% CI. The statistical significance of all results 
was set at p<0.05. The corresponding research mod-
el was selected according to the size of heterogene-
ity between studies. A fixed effect model was used 
for the heterogeneity between studies, and a random 
effect model was used for heterogeneity(16). The 
methodological quality of the included studies was 
evaluated using the Cochrane bias risk tool and was 
discussed by two authors.

Results

Research observation
We searched the clinical research on the treat-

ment of kidney transplantation with Cordyceps sin-
ensis and Bailing Capsule in an electronic database 
(Medline, ScienceDirect, Cochrane Library, CNKI), 
and initially selected 186 articles. We screened six 
articles about the effects of 100 capsules and Cord-
yceps Sinensis on CAN. Lai(17) explored the clinical 
efficacy of mycophenolate mofetil combined with 
low-dose cyclosporine A and Bailing capsules in the 
treatment of CAN. Compared with the control group, 
the test group not only increased the Bailing cap-
sule, but also increased the mycophenolate mofetil, 
and the amount of cyclosporine A was also different 
from the control group(18). 

In all the trials, the test group and the control 
group received three identical immunologic treat-
ments. There will be one more drug (Bai Ling cap-
sule) in the test group. Zhang(19) studied the effects 
of angiotensin-converting enzyme inhibitor enalapril 
and Cordyceps Sinensis fermented preparation Bail-
ing capsule on renal function in patients with CAN. 
We only extracted the data from the treatment group 
of Bailing Capsule and the control group to ensure 
that the analysis results were more accurate. The 
study involved 463 patients, including 189 in the con-
trol group and 232 in the experimental group. The 
dose of the Bailing capsules ingested by the patients 
in the test group was 2-9 g/day.

Research quality evaluation
Of the five studies, four of them(17, 18, 19), and(20) 

were randomized controlled trials. We [18] explicitly 
pointed out the use of random number tables to gen-

erate random assignments. The other three studies 
did not describe the method of random assignment. 
Another study(21) did not explicitly report the method 
of grouping. The results of the five studies provide 
relatively complete data and individual studies. The 
various research implementations were not report-
ed in detail. Therefore, we believe that the study of 
all pre-specified results mentioned in the reporting 
method section does not selectively report bias. None 
of the five studies were lost to follow-up. 

Although most studies do not explicitly report 
methods of random assignment. There were no sig-
nificant differences in baseline data between the ex-
perimental and control groups in each study, so we 
defaulted to a lower risk of publication bias. Conclu-
sively, the degree of bias we included in the study 
was moderate and mild.

Effect of bailing capsule on CAN patients
Three studies(22, 19, 20) reported the number of 

cases with worsening conditions and the number of 
solid and improved cases in the experimental and 
control groups, respectively. 

They also reported(21) the number of cases in 
which the trial and control groups were effective and 
ineffective. The results of treatment failure and dete-
rioration of the disease in the four studies were com-
bined. The results of the treatment are effective, and 
the condition is stable and improved. The combined 
results were OR 0.229, 95% CI 0.138-0.382 p=0.000, 
I2=47.6% p=0.126. 

It showed that the degree of deterioration and 
treatment ineffective in the experimental group was 
significantly lower than that in the control group. 
That is, Bailing Capsule is effective in treating pa-
tients with CAN, which can effectively improve the 
patient's condition (Figure 1).

Figure 1: Bailing capsule treatment CAN effect meta-a-
nalysis forest map.
Note: OR: odds ratio, CI: confidence interval.
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Renal function index and urine protein
Five studies reported post-intervention levels 

(SCr, BUN, CCr, urine protein, 24h Upro). 
Compared with the control group, the test 

group had Scr (SMD -1.842, 95% CI -2.638 to -1.047 
p = 0.000, I2 = 89.0% p = 0.000), BUN (SMD -0.277, 
95% CI -0.482 to -0.072 p =0.008, I2 = 27.8% p = 
0.245), 24h-Upro (SMD - 1.378, 95% CI - 2.152 to 
-0.603 p = 0.000, I2 = 89.8% p = 0.000) was signif-
icantly reduced. CCR (SMD 0.770, 95% CI 0.558-
0.982 p=000, I2=43.5% p=0.151) was significantly 
elevated. (Table 1). Sensitivity analysis showed that 
the heterogeneity of the study of Zhang(22) was sig-
nificantly reduced. (Table 2).

Discussion

Organ transplantation is currently the best 
treatment option for the treatment of various end-or-
gan diseases. The survival rate of allografts after 
transplantation has dramatically improved over the 
past few decades. This is because we have enhanced 
the immunosuppressive regimen and reduced the 
rate of acute rejection. Infectious complications 
have been well prevented and treated(23, 24). CAN is 
the most common cause of graft dysfunction in the 
first decade after transplantation. It has a high inci-
dence of kidney transplant recipients. Advances in 
immunosuppressive therapy have improved graft 

Author Issuing 
time Country Type 

of study
Number 
of cases Age 

Intervention Capsule 
dose

(bailing)
Evaluation 

index Control group Test group 

Zhang[18] 2011 CHINA
Randomized 
controlled 

trial

231 cases, 109 cases 
in the control group, 

122 cases in 
the test group

39.2±13.2 
years old

Cyclosporine + 
azathioprine/

mycophenolate mofetil 
+ prednisolone.

Bailing capsules, 
cyclosporine, azathioprine 
or mycophenolate mofetil, 

and prednisolone.
2.0g /day

SCr, 
BUN, CCr, 
24 h Upro

Shen[19] 2013 CHINA
Randomized 
controlled 

trial

41 cases, 19 cases 
in the control group 

and 22 cases 
in the experimental 

group

Test group 
37.5±14.1 years old

Control group 
36.8±13.2 years old

Cyclosporin A + 
mycophenolate mofetil 

+ prednisone

Valsartan, 
Bering capsule, 
cyclosporin A + 

mycophenolate mofetil 
+ prednisone

2.0g /day SCr, 24 h 
Upro

He[20] 2006 CHINA
Randomized 
controlled 

trial

51 cases, 15 cases 
in the control group, 

36 cases in 
the experimental 

group

Test group 
43.6±15.9 years old

Control group 
48.3±17.7 years old

Cyclosporine + 
azathioprine 
+ prednisone

Bailing Capsule + 
cyclosporine 

+ azathioprine 
+ prednisone

9.0g /day
BUN, SCr, 

CCr, 
24h Upro

Zhang[21] 2007 CHINA
Randomized 
controlled 

trial

56 cases, 25 cases 
in the control group, 

31 cases in 
the test group

34.3±15.5
years old

Cyclosporine A + 
azathioprine/

mycophenolate mofetil 
+ prednisone

Bailing Capsule + 
Cyclosporine A + 

azathioprine/
mycophenolate Ester 

+ prednisone

6.0g /day
SCr, BUN, 

CCr, 
24 h Upro

Zhang[22] 2008 CHINA
Randomized 
controlled 

trial

84 cases, 21 cases 
in the control group, 

21 cases in the 
test group of 

Bailing Capsule

34.3±15.5 
years old

Cyclosporine A/Prograf 
+ azathioprine/
mycophenolate 
+ prednisolone

Bailing Capsule + 
cyclosporine A/Prograf + 

azathioprine/
mycophenolate 
+ prednisolone

6.0g /day
SCr, BUN, 

CCr, 
24h Upor

Evaluation index Number of studies SMD and 95% CI p-value
Heterogeneity test

Analysis model
I2 p-value

SCr 5 -1.842 (-2.638 to -1.047) 0.000 89.0% 0.000 Random effect model

CCr 4 0.770 (0.558 to 0.982) 0.000 43.5% 0.151 Fixed effect model

BUN 4 -0.277 (-0.482 to -0.072) 0.008 27.8% 0.245 Fixed effect model

24h Upro 5 -1.378 (-2.152 to -0.603) 0.000 89.8% 0.000 Random effect model

Sensitivity analysis result

SCr 4 -1.567 (-2.215 to -0.919) 0.000 72.6% 0.012 Random effect model

CCr 3 0.458 (0.149-0.882) 0.005 0.0% 0.677 Fixed effect model

BUN 3 -0.521 (-0.858 to -0.183) 0.002 0.0% 0.617 Fixed effect model

24h Upro 4 -1.080 (-1.525 to -0.636) 0.000 49.5% 0.115 Fixed effect model

Table 1: Basic characteristics of the included studies. 
Note: SCr: serum creatinine, 24h Upro: 24 h urine protein, BUN: blood urea nitrogen, CCr: creatinine clearance.

Table 2: Metabolic analysis results of renal function indicators. 
Note: SCr: serum creatinine, 24h Upro: 24 h urine protein, BUN: blood urea nitrogen, CCr: creatinine clearance, SMD: Standardized 
mean difference, CI: Confidence interval.
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survival by one year(25). Analysis of serum creatinine 
concentrations indicates that at least 80% of kidney 
transplant patients experience a gradual loss of renal 
function. They also began to show signs of chronic 
graft nephropathy (CAN). At least, within ten years 
after transplantation, 50% of kidney transplant pa-
tients have the characteristics of CAN(26). 

We evaluated the effect of Bailing Capsule 
as an immunosuppressive drug in the treatment of 
CAN. Participants in the control group and the ex-
perimental group were given the same immunosup-
pressive agent. We also provided Bailing Capsule to 
the experimental group as an auxiliary drug for im-
munosuppressants. Using the Stata software, we can 
combine the extracted data, and we found that the 
renal function recovery of the experimental group 
was significantly better than the control group.

Compared with the control group, the SCR, 
BUN, and Upro (24h) of the test group were signifi-
cantly decreased, while the CCr was significantly in-
creased. According to these indicators, Bailing Cap-
sule was significantly associated with renal function 
recovery in the experimental group. For the control 
group, they only used immunosuppressive drugs 
such as cyclosporine. Without the use of Bailing 
Capsule for treatment, the recovery of renal func-
tion was relatively weak. Therefore, we believe that 
the Bailing Capsule has a particular clinical value 
in the treatment of CAN. A randomized study (15-
year follow-up) on the continued use of cyclosporin 
with early discontinuation of cyclosporin indicated 
that calcineurin inhibitors initially provided more 
significant benefit. However, subsequent calcineurin 
inhibitor toxicity leads to more severe graft loss(27). 
Specific histological features of calcineurin inhibitor 
toxicity include plaque fibrosis and hyaline arteriolar 
disease. It is one of the main factors leading to the 
development of CAN. Within ten years after trans-
plantation, 100% of adults showed some histologi-
cal evidence of CNI toxicity(28). Modern biochemical 
experimental methods have proved that Cordyceps 
Sinensis has active ingredients such as mannitol, 
nucleosides, ergosterol, aminophenols and trace el-
ements. Cordyceps has a wide range of medical ef-
fects. Its immunoregulatory function plays an essen-
tial role in anti-tumor effects, organ transplantation 
and prevention of kidney, liver and heart diseases(29). 

Chiu found that the polysaccharide component 
of Cordyceps Sinensis regulates renal dysfunction in 
rats with endotoxemia. The polysaccharide compo-
nent of Cordyceps Sinensis can improve renal dys-
function caused by nephrotoxicity in rats through 

anti-oxidation, anti-apoptosis, and anti-autophagy 
mechanisms(30, 31). Bailing Capsule, as a dry powder 
preparation of Cordyceps sinensis, can effectively 
prevent rejection after kidney transplantation, pro-
tecting kidney function and liver function, stimu-
lating hematopoietic function, improving hypopro-
teinemia and hyperlipidemia, and reduce infection(32). 
We analyzed the results of five studies and obtained 
the combined results of renal function related indica-
tors. Bailing Capsule has a significant effect on CAN 
treatment, but the data we have included is far from 
enough. The long-term effect of Bailing Capsule in 
the treatment of CAN has not been mentioned, so 
we can not evaluate the long-term effects of Bailing 
Capsule on CAN. 

The therapeutic effect of Bailing Capsule re-
quires more data to study and improve. Although 
kidney transplantation is the preferred method to 
improve survival in patients with end-stage renal 
disease, the impact of chronic allograft nephropathy 
(CAN) and the long-term effectiveness of transplan-
tation remain significant challenges for clinicians 
and researchers(33). We systematically evaluated and 
analyzed the effect of Bailing Capsule on the treat-
ment of CAN, and initially determined that Bailing 
Capsule has a particular clinical value in the treat-
ment of CAN, and provides a theoretical basis for 
the treatment of CAN.
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