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Introduction: Bailing capsules are currently recommended for improving renal

function in patients with chronic renal failure (CRF) in China. However, limited

research assesses the clinical benefits of Bailing capsules in the context of

healthcare resource utilization. Therefore, we conducted this study to compare

the efficacy of Bailing capsules combined with conventional therapies and to

assess their economic value from the Chinese healthcare system perspective.

Methods: For the meta-analysis, six bibliographic databases were systematically

searched for eligible randomized controlled trials (RCTs) from their inception

until May 2025. For the economic evaluation, a Markov model was established

to simulate the disease progression of patients over 20 years. The incremental

cost-effectiveness ratio (ICER) was measured, and one-way and probabilistic

sensitivity analyses were performed to observe model stability.

Results: The use of Bailing capsules combined with conventional therapies

was associated with a significant reduction in serum creatinine compared

to conventional therapies alone (weighted mean difference [WMD]: –36.73

µmol/L; 95% confidence interval [CI]: –45.06 to –28.40; p < 0.001, n = 1,380

patients from 17 RCTs). Moreover, Bailing capsules combined with conventional

therapies were associated with lower blood urea nitrogen (WMD: –2.52 mmol/L;

95% CI: –3.83 to –1.22; p < 0.001) and 24 h urinary protein (WMD: –0.39

g/L; 95% CI: –0.47 to –0.30; p < 0.001) levels than conventional therapy

alone. However, no significant difference existed between Bailing capsules

combined with conventional therapies and conventional therapy alone in terms

of creatinine clearance rate (WMD: 4.81 mL/min; 95% CI: –0.45 to 10.06; p =

0.073). In the economic evaluation, combination therapy yielded 0.92 additional

quality-adjusted life-years (QALYs) and incurred additional costs of Chinese

Yuan (CNY) 21,335 over a 20-year horizon, resulting in an ICER of CNY 23,312

per QALY gained. This ICER was below China’s willingness-to-pay threshold

of CNY 85,698 (2022 gross domestic product per capita). Sensitivity analyses

confirmed the robustness of the results, with the combination therapy showing

a 94% probability of cost-effectiveness at the threshold (probabilistic sensitivity

analysis).
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Discussion: Bailing capsules combined with conventional therapies are

associated with a greater reduction in serum creatinine and are likely to be

cost-effective for patients with CRF in China.

KEYWORDS

chronic renal failure, Bailing capsules, Markov model, cost-effectiveness analysis,
Chinese population

Introduction

Chronic renal failure (CRF) is a progressive loss of kidney
function that occurs in various chronic kidney diseases (CKD). It
is characterized by insufficient renal function, metabolite retention,
and dysregulation of the internal environment (1, 2). The annual
incidence of CRF in China has been increasing by approximately
0.3%. Consequently, the prevalence of CRF has been increasing
(3, 4). The clinical manifestations of CRF include symptoms
related to metabolic abnormalities and a systemic, multisystem
inflammatory syndrome. Notably, patients with stage I–III CRF
may be asymptomatic or present with moderate symptoms
(5). However, severe symptoms of CRF include heart failure,
gastrointestinal bleeding, and neurological disorders, which pose a
lethal threat to patient health (6). Therefore, identifying effective
treatments is essential to improve the prognosis of CRF.

Renal replacement therapy or kidney transplantation is
typically performed for end-stage CRF; however, these options
are expensive. Although the medical costs of non-dialysis patients
with CRF are much lower than those of patients undergoing
hemodialysis, conventional therapy is required to control blood
pressure, glucose levels, and proteinuria (7). The Bailing capsule,
composed of Cordyceps mycelia, is widely used to treat renal
disease because it contains a variety of trace elements, amino
acids, adenosine, and cordycepin. These elements improve blood
circulation, inhibit neurotransmitter release, and regulate adenylate
cyclase activity (8, 9). Studies have demonstrated that Bailing
capsules can improve human immune function and reduce renal
tubular epithelial cell damage, renal tubular atrophy, and overall
kidney damage (10–12). Moreover, the use of Bailing capsules is
associated with lower urea nitrogen levels and reduced proteinuria,
which may improve the prognosis of CRF (13, 14). Recent
meta-analyses have evaluated the efficacy of traditional Chinese
medicine (TCM) in the management of CKD. A 2024 meta-
analysis by Zheng et al. encompassing 66 studies, evaluated the
efficacy of combining TCM with Western medicine for treating
diabetic nephropathy. The analysis revealed that integrating TCM
decoctions with Western medicine enhanced clinical effectiveness
and yielded superior therapeutic outcomes compared to Western
medicine alone, with no significant safety concerns identified
(15). Another study evaluated Uremic Clearance Granules for
CKD stages 3–5, showing Uremic Clearance Granules significantly
reduce serum creatinine, triglyceride, and total cholesterol levels,
while increasing glomerular filtration rate (GFR) and hemoglobin
levels. It also effectively ameliorated signs and symptoms in
patients with CKD (16). A 2025 study conducted by Wu
et al. demonstrated that Cordyceps sinensis can be considered a

dependable clinical treatment for patients with renal dysfunction
(17). Another 2024 meta-analysis conducted by Tao et al. suggested
that Bailing capsules were associated with lower levels of 24 h
urinary protein, blood urea nitrogen (BUN), serum creatinine, and
inflammatory markers. Network pharmacology analysis indicated
that the Bailing capsule shares 190 common targets with CKD,
with pharmacological mechanisms potentially related to immune
response, inflammatory response, vascular endothelial damage,
cell proliferation, and fibrosis (18). However, these analyses often
focus solely on clinical efficacy, with limited evaluation of cost-
effectiveness from the healthcare system’s perspective. Our study
addresses this gap by combining clinical outcomes with a Markov
model-based economic evaluation of Bailing capsules for CKD
stages 3–5. Therefore, this study aimed to investigate the efficacy
of Bailing capsules combined with conventional therapies for CRF
treatment and to explore their economic value from the perspective
of the Chinese healthcare system.

Materials and methods

Meta-analysis

Literature search and selection criteria
This study was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (19). The study was registered in International
Platform of Registered Systematic Reviews and Meta-Analyses
(INPLASY202550057). Randomized controlled trials (RCTs)
comparing the efficacy of Bailing capsules combined with
conventional therapy versus conventional therapy alone for
CRF were included in this study. Publication language and
status were not restricted. We systematically searched PubMed,
Embase, Cochrane Library, China Science and Technology Journal
Database, Wanfang, and China National Knowledge Internet
databases to identify eligible RCTs from their inception through
May 2025. We used “chronic renal failure,” “Bailing capsule,” and
“randomized controlled trials” as search terms. Supplemental
Table 1 shows details of the PubMed search strategy. Despite
comprehensive searches of international databases, including
PubMed and Embase, no additional eligible English-language
RCTs that met our inclusion criteria were identified. This may
be because Bailing capsules are predominantly used within the
Chinese healthcare system, and most studies on their therapeutic
efficacy for CRF have been conducted in China. We also searched
for completed but unpublished trials on the ClinicalTrials.gov
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TABLE 1 Baseline characteristics of included studies.

Study Region Sample
size (T/C)

Age (years,
T/C)

Sex
(male/female)

Disease
duration

(years, T/C)

Intervention Dose of
Bailing
capsule

Treatment
duration

T C T C

Zheng et al. (37) Shanghai 120 (60/60) 53.3 (54.0/52.5) 24/36 32/28 4.56 (5.89/3.23) Bailing capsule plus conventional
therapies

Conventional
therapies

3 tablets× 3
times/day

3.0 months

Pu (38) Guangdong 68 (34/34) 45.5 (46.5/44.5) 19/15 18/16 – Bailing capsule plus alprostadil Alprostadil 3 g× 3 times/day 3.0 months

Zheng and Wang (39) Guangdong 72 (36/36) 61.5 (62.4/60.5) 22/14 20/16 4.41 (4.56/4.25) Bailing capsule, conventional
therapies, α-ketoacid

Conventional
therapies, α-ketoacid

4 tablets× 3
times/day

12 weeks

Xiong et al. (40) Guangxi 100 (50/50) 50.2 (50.5/49.9) 28/22 29/21 2.43 (2.46/2.40) Bailing capsule plus conventional
therapies

Conventional
therapies

2 g× 3 times/day 12 weeks

Zhang and Wang (41) Hubei 150 (75/75) 42.1 (41.0/43.2) 42/33 40/35 3.75 (3.64/3.86) Bailing capsule plus conventional
therapies

Conventional
therapies

5 tablets× 3
times/day

3.0 months

Zheng et al. (42) Shanghai 60 (30/30) 43.3 (44.0/42.5) 14/16 12/18 5.06 (5.89/4.23) Bailing capsule plus conventional
therapies

Conventional
therapies

3 tablets× 3
times/day

3.0 months

Meng and Guo (43) Hebei 68 (34/34) 46.6 (46.2/46.9) 19/15 18/16 3.30 (3.40/3.20) Bailing capsule plus alprostadil Alprostadil 2 g× 1 time/day 3.0 months

Ru (44) Henan 110 (55/55) 54.8 (55.2/54.3) 30/25 32/23 – Bailing capsule, conventional
therapies, irbesartan

Conventional
therapies, irbesartan

1 g× 3 times/day 24 weeks

Huang et al. (45) Guangxi 64 (34/30) 45.0 (44.8/45.2) 18/14 14/16 3.85 (4.20/3.50) Bailing capsule plus alprostadil Alprostadil 2 g× 3 times/day 3.0 months

Yi (46) Shandong 104 (52/52) 48.8 (48.3/49.2) 29/23 28/14 3.05 (3.10/3.00) Bailing capsule, conventional
therapies, α-ketoacid

Conventional
therapies, α-ketoacid

1 g× 3 times/day 3.0 months

He (47) Shanxi 80 (40/40) 63.0 (65.2/60.8) 19/21 25/15 – Bailing capsule, conventional
therapies, α-ketoacid

Conventional
therapies, α-ketoacid

4 tablets× 3
times/day

1.0 year

Jiang (48) Liaoning 38 (19/19) 46.1 (46.5/45.7) 9/10 11/8 – Bailing capsule plus conventional
therapies

Conventional
therapies

5 tablets× 3
times/day

2.0 months

Shen and Zhang (49) Guizhou 80 (40/40) 45.4 (45.6/45.2) 23/17 22/18 6.65 (6.50/6.80) Bailing capsule plus conventional
therapies

Conventional
therapies

2 tablets× 3
times/day

24 weeks

Pan (50) Shenzhen 64 (32/32) 43.4 (44.1/42.6) 19/13 20/12 – Bailing capsule plus conventional
therapies

Conventional
therapies

5 tablets× 3
times/day

2.0 months

Wang and Jiang (51) Zhejiang 80 (40/40) 60.9 (60.6/61.2) 26/14 29/11 – Bailing capsule plus valsartan Valsartan 1 g× 3 times/day 24 weeks

Hu (52) Zhejiang 62 (31/31) 52.6 (52.6/52.5) 18/13 19/12 3.75 (3.70/3.80) Bailing capsule plus alprostadil Alprostadil 2 g× 3 times/day 2.0 weeks

Ren (53) Heilongjiang 60 (30/30) 68.9 (68.8/68.9) 20/10 19/11 7.55 (7.50/7.60) Bailing capsule plus pancreatic
kinionoge

Pancreatic kinionoge 0.8 g× 3 times/day 8.0 weeks
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website. Additional eligible RCTs were identified by manually
reviewing the reference lists of retrieved articles.

Two reviewers (Yumei He and Wei Li) independently
conducted the literature search and study selection using a
standardized flow. Conflicts between the reviewers were resolved
by an additional reviewer (Sheng Han) until a consensus was
reached. The inclusion criteria were as follows: (1) non-dialysis
patients with CRF; (2) intervention: Bailing capsule combined with
conventional therapies; (3) control: conventional therapies alone;
(4) outcome: serum creatinine, BUN, creatinine clearance rate
(Ccr), and 24 h urinary protein; and (5) study design: RCT design.
Studies were excluded if they met any of the following criteria:
(1) the intervention included only artificial cordyceps without
mention of Bailing capsules; (2) the treatment regimen contained
other TCMs; or (3) baseline characteristics, treatment duration, and
investigated outcomes were not reported.

Data extraction and quality assessment
Two reviewers (Yumei He and He Zhu) used a standardized

flow chart to extract all relevant information from the included
studies, including the first author’s surname, study region, sample
size, cohort age and sex, disease duration, intervention, Bailing
capsule dose, treatment duration, and reported outcomes. Study
quality was assessed using the Risk of Bias 2 (ROB2) tool
according to the methods described by the Cochrane Collaboration,
including the randomization process, deviations from intended
interventions, missing outcome data, measurement of outcomes,
and selection of reported results (20). Data collection and quality
assessment of individual trials were independently conducted by
two reviewers (Yumei He and He Zhu), with any disagreements
resolved by an additional reviewer (Sheng Han). The Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) approach was used to assess the certainty of evidence for
each outcome (21).

Statistical analysis
The efficacy of the Bailing capsule was assessed based on the

serum creatinine levels and pooled effect estimates. Heterogeneity
among the included studies was evaluated using the I2 and Q
statistics (22). A fixed-effects model was used to calculate the pooled
effect estimate when p> 0.10 and I2 < 25%, while a random-effects
model was applied if p < 0.10 or I2 > 25% (23). Sensitivity analysis
was performed to assess the robustness of the pooled conclusion
by sequentially removing individual trials (24). Subgroup analyses
were performed to explore the potential heterogeneity in serum
creatinine levels. Publication bias was assessed using funnel plots as
well as Egger’s and Begg’s tests (25, 26). All statistical analyses were
performed using Stata Statistical Software (version 15.0; StataCorp,
College Station, TX, USA).

Economic evaluation

Patients and regimens
A hypothetical cohort matching the inclusion criteria of

the meta-analysis was included in the model. The treatment
strategies included in the economic evaluation were as follows:
(1) conventional therapy group: conventional therapies alone,

aimed at stabilizing acid-base imbalance, reducing creatinine
levels, protecting kidney function, and improving calcium and
phosphorus metabolism disorders, with no restrictions on
treatment drugs or dosages; (2) Bailing capsules group: use
of Bailing capsules (2 g, three times daily) in addition to
conventional treatment.

Model structure
A Markov model was created using Microsoft Excel that

followed the progression of CKD (Supplementary Figure 1). The
disease states in the model were segregated into CKD stages
3, 4, 5 (non-hemodialysis), 6 (hemodialysis), and death; CKD
progression was irreversible. Considering that 89.1% of patients
with end-stage renal disease undergo hemodialysis, this treatment
was included in this study (27). Moreover, treatment with Bailing
capsules mainly slowed CKD progression from stage 3 to stage
4 and from stage 4 to stage 5, with no significant effect on
patients at CKD stage 5 or those undergoing hemodialysis.
Additionally, treatment with Bailing capsules did not significantly
affect CKD stages 3 and 4.

The model had a 20-year time horizon with a 1-year cycle
length and a half-cycle correction applied to all costs and outcomes.
We conducted an economic evaluation from the perspective of
the Chinese healthcare system. Outcomes were measured as gains
in quality-adjusted life-years (QALYs) and total direct medical
costs. The incremental cost-effectiveness ratio (ICER) was also
calculated. Costs and benefits were discounted at 5.0% annually
in accordance with the China Guidelines for Pharmacoeconomic
Evaluations (28). The gross domestic product (GDP) per capita in
2022 [Chinese Yuan (CNY) 85,698] was used as the willingness-to-
pay (WTP) threshold.

Model inputs
Transition probabilities between various CKD stages were

calculated using a microsimulation approach. GFR is the main
predictor of renal function; however, it remains low in patients
receiving appropriate treatments (29–32). Transition probabilities
of various CKD stages were calculated as follows: (1) CKD stage
was assessed based on GFR level; (2) GFR was retained downward
for CKD stage 3 or later; and (3) the treatment effect on serum
creatinine levels was assumed to be similar in patients with CKD
stages 3 and 4. According to a previous study, the annual GFR
decline rate was 1.7 mL/min/1.73 m2 (33), and the GFR level after
treatment was estimated using the Modification of Diet in Renal
Disease equation according to the characteristics of the Chinese
population (Equation 1) (34). Changes in serum creatinine levels
after treatment were calculated using the pooled effect estimate
comparing Bailing capsules combined with conventional therapy
versus conventional therapy alone. The microsimulation generated
a cohort of 10,000 patients. The distributions of age, sex, serum
creatinine levels at various CKD stages, and annual reductions in
GFR are presented in Supplementary Table 1. Equation 1:

eGFR = 186 × Scr−1.154
× (age)−0.203 [

× 0.742 (female)
]

[
× 1.233 (Chinese population)

]
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Mortality rates for patients with CKD at various stages were
determined based on previously published articles. The cost per
cycle of Bailing capsules was determined as follows:

Bailing capsules per cycle cost = unit price of drug × daily
dosage× cycle×medication compliance.

The price of Bailing capsules was CNY 43.26, containing 42
tablets (0.5 g/tablet). According to the drug label, the daily dose
of Bailing capsules was 12 tablets. Medication compliance was
obtained from a previous study, which reported a compliance rate
of 92.75% (35). The costs of conventional therapy and hemodialysis
were obtained from published studies. Utility values for each
stage were based on a published study (36) that applied the
Health Utilities Index Mark 3 scale. Details of the Markov model
parameters are listed in Supplementary Table 2.

Sensitivity analysis
One-way and probabilistic sensitivity analyses (PSA) of the

model parameters were performed to assess the robustness of the
evaluation model. Results of the one-way sensitivity analysis were
presented using a tornado diagram. The range of each parameter
used for the one-way sensitivity analysis was based on either the
95% confidence interval (CI) reported in the referenced literature
or a± 30% change from the base-case value.

In the PSA, all costs were assigned a gamma distribution,
while probabilities, proportions, and utilities were assigned beta
distributions. Values were extracted from the corresponding
distribution for 1,000 Monte Carlo simulations. The PSA results
were presented using a cost-effectiveness acceptability curve.

Results

Meta-analysis

Literature search and study characteristics
The initial search yielded 1,346 articles, and 884 were retained

after duplicates were removed. Subsequently, 827 studies were
removed during title and abstract screening, and the remaining
57 articles were retrieved for full-text evaluation. Thereafter, 40
articles were removed because of other therapies (n = 23), lack
of appropriate control (n = 12), or absence of reported serum
creatinine levels (n = 7). The remaining 17 RCTs were selected for
the final meta-analysis (Figure 1) (37–53).

The baseline characteristics of the included studies are
presented in Table 1. A total of 1,380 patients were included,
with treatment duration ranging from 2 weeks to 1 year. The
methodological quality of the included trials is shown in Table 2.
Overall, all the included studies were assessed as having a moderate
risk of bias (ROB) according to the ROB2 tool.

Efficacy and safety
After pooling the included trials, significant heterogeneity was

observed across them; therefore, a random-effects model was
applied. Bailing capsules combined with conventional therapies
were associated with a greater reduction in serum creatinine
levels than conventional therapy alone (weighted mean difference
[WMD]: −36.73 µmol/L; 95% CI: −45.06 to −28.40; p < 0.001;
Figure 2). Significant heterogeneity was observed among the

FIGURE 1

The flowchart regarding the study screening and selection.

included studies (I2 = 87.7%, p < 0.001). Sensitivity analysis
indicated that the pooled conclusion was robust and not altered
by excluding any particular trial (Supplementary Figure 2).
Subgroup analyses revealed that Bailing capsules combined
with conventional therapies were associated with a greater
reduction in serum creatinine levels than conventional therapy
alone in all subgroups (Supplementary Table 3). Moreover,
potential significant publication bias for serum creatinine levels
was detected (Egger’s test: p = 0.315; Begg’s test: p = 0.012;
Supplementary Figure 3). However, the results remained stable
after adjusting for potential publication bias using the trim-and-fill
method.

A total of 17 RCTs reported the therapeutic effect of
Bailing capsules on BUN, and the summary result indicated
that Bailing capsules combined with conventional therapies were
associated with lower BUN than conventional therapy alone
(WMD: −2.52 mmol/L; 95% CI: −3.83 to −1.22; p < 0.001;
Figure 3). Moreover, significant heterogeneity was observed among
the included studies (I2 = 90.1%, p < 0.001).

A total of six studies reported the therapeutic effect of Bailing
capsules on Ccr, and no significant difference was observed
between Bailing capsules combined with conventional therapies
and conventional therapy alone for Ccr (WMD: 4.81 mL/min; 95%
CI: −0.45–10.06; p = 0.073; Figure 4). Furthermore, significant
heterogeneity was observed across the included studies (I2 = 93.1%,
p < 0.001).

A total of eight studies reported the therapeutic effect of Bailing
capsules on 24 h urinary protein, and the summary result indicated
that Bailing capsules combined with conventional therapies were
associated with lower 24 h urinary protein levels than conventional
therapy alone (WMD:−0.39 g/L; 95% CI:−0.47,−0.30; p < 0.001;
Figure 5). No evidence of heterogeneity was observed among the
included studies (I2 = 0.0%, p = 0.648).

The GRADE assessment revealed moderate-quality evidence
for serum creatinine, BUN, and 24 h urinary protein, limited by
high heterogeneity or a moderate risk of bias. Evidence for Ccr was
rated as low quality due to sparse data in the included studies.
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TABLE 2 Quality assessment of included trials.

Study Bias 1 Bias 2 Bias 3 Bias 4 Bias 5 Overall risk of bias

Zheng et al. (37) Moderate Moderate Low risk Low risk Moderate Moderate risk

Pu (38) Moderate Moderate Low risk Low risk Moderate Moderate risk

Zheng and Wang (39) Moderate Moderate Low risk Low risk Moderate Moderate risk

Xiong et al. (40) Moderate Moderate Low risk Low risk Moderate Moderate risk

Zhang and Wang (41) Low risk Moderate Low risk Low risk Moderate Moderate risk

Zheng et al. (42) Low risk Moderate Low risk Low risk Moderate Moderate risk

Meng and Guo (43) Low risk Moderate Low risk Low risk Moderate Moderate risk

Ru (44) Moderate Moderate Low risk Low risk Moderate Moderate risk

Huang et al. (45) Low risk Moderate Low risk Low risk Moderate Moderate risk

Yi (46) Moderate Moderate Low risk Low risk Moderate Moderate risk

He (47) Moderate Moderate Low risk Low risk Moderate Moderate risk

Jiang (48) Low risk Moderate Low risk Low risk Moderate Moderate risk

Shen and Zhang (49) Moderate Moderate Low risk Low risk Moderate Moderate risk

Pan (50) Moderate Moderate Low risk Low risk Moderate Moderate risk

Wang and Jiang (51) Moderate Moderate Low risk Low risk Moderate Moderate risk

Hu (52) Low risk Moderate Low risk Low risk Moderate Moderate risk

Ren (53) Low risk Moderate Low risk Low risk Moderate Moderate risk

FIGURE 2

Bailing capsule plus conventional therapies versus conventional therapy alone on serum creatinine level. Forest plot showing pooled weighted mean
differences (WMD) and 95% confidence intervals (CIs) for serum creatinine. Squares represent individual study effects, with size proportional to study
weight; diamonds indicate the pooled result.
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FIGURE 3

Bailing capsule combined with conventional therapies versus conventional therapy alone on blood urea nitrogen.

FIGURE 4

Bailing capsule combined with conventional therapies versus conventional therapy alone on creatinine clearance rate.
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FIGURE 5

Bailing capsule combined with conventional therapies versus conventional therapy alone on 24 h urinary protein.

Only three of the included trials reported adverse events. Huang
et al. reported two cases of pain at the injection site in both the
Bailing capsule and control groups (44). Yi et al. reported one
case each of throat discomfort, dizziness, and angialgia in patients
treated with Bailing capsules, while the control group reported one
case of throat discomfort, two cases of dizziness, and one case of
diarrhea (45). Jiang et al. reported one case of throat discomfort
and one case of nausea in patients treated with Bailing capsules,
while the control group reported three cases of throat discomfort,
two cases of nausea, and one case of vomiting (47).

Economic evaluation

Base-case analysis
The QALYs in the Bailing capsule group and the conventional

therapy group were 4.96 and 4.04, respectively. The use of Bailing
capsules combined with conventional therapies was associated with
an increase of 0.92 QALYs. Moreover, the costs for the Bailing
capsule and conventional therapy groups were CNY 323,370 and
CNY 302,035, respectively. The cost in the Bailing capsule group
increased by CNY 21,335. The ICER was CNY 23,312 per QALY.
The ICER was lower than the WTP (CNY 85,698), suggesting that
the use of Bailing capsules for CRF is a cost-effective treatment
option in the Chinese population.

Sensitivity analysis
A tornado diagram of the one-way sensitivity analysis is shown

in Figure 6. The important factors influencing the ICER included
the CKD stage 3 utility value, hemodialysis cost per cycle, cost
of conventional therapy, and daily dose of the Bailing capsule.
Additionally, the cost-effectiveness acceptability curve indicated

that the use of Bailing capsules combined with conventional
therapies had a 94.0% probability of being cost-effective when the
WTP threshold was CNY 85,698 (Figure 7).

Discussion

Chronic renal failure is a gradually progressive outcome
induced by various renal diseases that persist despite treatment.
Without appropriate treatment, CRF can progress to uremia,
resulting in severe renal dysfunction. Therefore, effective
treatments are needed to slow the progression of CRF. Several
studies have demonstrated the efficacy and safety of Bailing capsules
in patients with CRF (13, 14); however, the cost-effectiveness of
their use remains unclear. The current meta-analysis identified
17 RCTs and involved 1,380 patients with CRF. Our study found
that Bailing capsules combined with conventional therapies were
associated with a greater reduction in serum creatinine levels than
conventional therapies alone. Moreover, Bailing capsules combined
with conventional therapies were associated with lower BUN and
24 h urinary protein levels than conventional therapy alone, while
no significant difference was observed between the groups in
terms of changes in Ccr. Furthermore, the use of Bailing capsules
combined with conventional therapies increased the QALYs by
0.92, and the cost increased by CNY 21,335. Finally, we noted that
the use of Bailing capsules combined with conventional therapies
had a 94.0% probability of being cost-effective when the WTP
value was set at the 2022 GDP per capita (CNY 85,698). However,
the low methodological quality of the included studies introduced
potential bias and undermined the robustness of our conclusions.
The reliance of our study on low-quality RCTs underscores
methodological challenges in the field. Future studies should
prioritize rigorous trial designs to generate credible evidence.
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FIGURE 6

The Tornado diagram of the one-way sensitivity analysis. Key variables influencing the incremental cost-effectiveness ratio (ICER) are ranked by their
impact, with bars indicating the range of ICER changes from worst- to best-case scenarios. QALY, quality-adjusted life year.

FIGURE 7

The cost-effectiveness acceptability curve. Probability that Bailing capsule plus conventional therapy is cost-effective at varying willingness-to-pay
thresholds (CNY per QALY gained).

Several recent meta-analyses have evaluated TCM
interventions for CKD, providing a basis for comparing our
findings. A 2023 study by Song et al. assessed Niaoduqing granules
for diabetic kidney disease, reporting a mean reduction in serum
creatinine, BUN, and urinary albumin excretion rate alongside
increased CCR with combined therapy—consistent with our
observations for Bailing capsules (54). Another study evaluating
rhubarb for CRF found significant reductions in serum creatinine
and BUN, with increased CCR levels, comparable to our Bailing
capsule results (4). However, these studies focused solely on clinical

efficacy and omitted economic evaluations. Notably, a 2023 meta-
analysis by Yin et al. found Uremic Clearance Granules significantly
reduced serum creatinine levels while increasing GFR. While most
TCM studies assess composite formulas, Bailing capsules contain
a standardized Cordyceps mycelia extract, potentially enhancing
reproducibility and mechanistic clarity compared to multi-herb
decoctions (16). Important differences in study populations and
interventions should be acknowledged. For instance, Long et al.’s
study focused specifically on diabetic kidney disease (55), whereas
our analysis includes non-diabetic CRF patients, limiting direct
comparability. Future head-to-head studies are needed to explicitly
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compare the efficacy and cost-effectiveness of Bailing capsules with
other TCM modalities.

The Bailing capsule contains bioactive components such as
polysaccharides, adenosine, and cordycepin, which may exert
renoprotective effects through multiple signaling pathways in
CKD (56, 57). Dysregulation of transforming growth factor-
beta (TGF-β)/Smad signaling is a key driver of renal fibrosis,
promoting extracellular matrix accumulation and tubular
epithelial-mesenchymal transition. Preclinical studies suggest that
cordycepin, a major component of Bailing capsules, may inhibit
TGF-β1-induced Smad2/3 phosphorylation, thereby reducing
collagen deposition in renal tissues (58). Furthermore, Bailing
capsules have been shown to downregulate angiotensin-converting
enzyme activity, suppress the renin-angiotensin system (RAS)
cascade, and improve glomerular hyperfiltration (59). This
effect may intersect with the Wnt/β-catenin pathway, as RAS
activation often upregulates Wnt1, leading to β-catenin-mediated
podocyte injury, as previously demonstrated in sirtuin 6–based
interventions that protect against podocyte injury by blocking the
RAS-Wnt1/β-catenin axis (60). Additionally, the anti-hypoxic and
anti-inflammatory properties of Bailing capsules may modulate
nuclear factor-κB and mitogen-activated protein kinase pathways,
reducing the production of pro-inflammatory cytokines and
reactive oxygen species (61). These effects are consistent with
studies showing that Cordyceps mycelia suppress the NOD-
like receptor family pyrin domain-containing 3 inflammasome
activation, which is a key driver of CKD progression. While direct
mechanistic studies of Bailing capsules on these pathways are
limited, the observed clinical benefits in serum creatinine reduction
and CKD progression delay are consistent with the hypothesized
modulation of TGF-β/Smad, RAS, and Wnt/β-catenin signaling.
Future in vitro and in vivo studies are warranted to validate these
mechanisms and clarify the specific components of Bailing capsules
responsible for pathway regulation.

In addition to traditional renal signaling pathways, recent
studies have highlighted the critical role of intestinal flora
dysbiosis and metabolic disorders in CKD progression, offering
novel therapeutic targets. Altered gut microbiota composition has
been linked to the transition from acute kidney injury to CKD
in aged mice. Dysbiosis promotes systemic inflammation and
uremic toxin production, thereby exacerbating renal fibrosis (62).
Probiotic interventions such as Lactobacillus johnsonii have shown
promise in reversing CKD-associated gut dysbiosis and reducing
serum creatinine levels in preclinical models (63). Notably,
Bailing capsules contain bioactive compounds that may modulate
gut microbiota diversity, analogous to prebiotics, by promoting
beneficial bacterial growth and inhibiting pro-inflammatory species
(64). Furthermore, in patients on peritoneal dialysis, gut-derived
uremic toxins contribute to cardiovascular complications, which
are a major cause of mortality in patients with CKD (65).
The antioxidant properties of Bailing capsules may mitigate
toxin-induced endothelial dysfunction; however, direct evidence
is lacking. Dysregulation of phosphatidylcholine metabolism via
phospholipase A2 has been observed in CKD rats, leading to
the accumulation of profibrotic lysophosphatidylcholine (66). The
adenosine component of the Bailing capsules may regulate lipid
metabolic enzymes and potentially alter this pathway. Finally,
in immunoglobulin A (IgA) nephropathy, gut microbiome–
induced toll-like receptor 4 signaling promotes the production of

hypoglycosylated IgA1, a key driver of glomerular injury (67). The
immunomodulatory effects of Bailing capsules may disrupt the
gut-kidney axis, although mechanistic validation is required.

This study found that Bailing capsules combined with
conventional therapies were more cost-effective than conventional
therapies alone. The pooled results for the effect of Bailing
capsules combined with conventional therapies were stable, and
the conclusion regarding cost-effectiveness was robust. The ICER
for Bailing capsules was CNY 23,312/QALY, which is significantly
lower than the WTP threshold. Moreover, one-way sensitivity
analysis indicated that CKD stage 3 utility value, hemodialysis
cost per cycle, cost of conventional therapy, and daily dose of
bailing capsules were the most important factors affecting the
cost-effectiveness of Bailing capsules. Furthermore, 94.0% of the
patients were likely to accept the use of Bailing capsules combined
with conventional therapies if the WTP was CNY 85,698. The
price of the Bailing capsules and the WTP threshold value play
an important role in determining the cost-effectiveness of the
Bailing capsules. Considering that no evidence of heterogeneity was
observed among the included trials, the treatment effectiveness of
the Bailing capsules was stable. However, various disease statuses
can affect the treatment effectiveness of Bailing capsules, and future
context-specific studies on the primary economic evaluation of
Bailing capsules are required.

The findings of this meta-analysis and the economic evaluation
have direct clinical implications for CKD management in China.
The 36.73 µmol/L reduction in serum creatinine observed with
Bailing capsules aligns with clinically meaningful improvements
in renal function for non-dialysis patients with CKD (stages 3–4),
where even modest declines in creatinine can delay progression to
dialysis. This is particularly relevant in resource-limited settings,
where access to advanced therapies, such as renin-angiotensin
system blockers, may be suboptimal. Additionally, the low
ICER (CNY 23,312/QALY) suggests that Bailing capsules can be
integrated into standard care at a reasonable cost, potentially
reducing the healthcare burden associated with CKD progression.

Some limitations of this study include: (1) Treatment
effectiveness based on meta-analysis, which has inherent
limitations that should be examined cautiously, including
inevitable publication bias and restricted detailed analyses; (2)
Our study hypothesized that the treatment effect of the Bailing
capsule mainly delayed disease progression in CKD stages 3
and 4, while several studies found that Bailing capsules could
improve micro-inflammation and nutritional status in patients
undergoing hemodialysis; therefore, the economic value of the
Bailing capsule may be underestimated (68, 69); (3) Transition
probabilities were calculated based on a short-term study using
microsimulation as long-term follow-up trials in the Chinese
population were not available; (4) Although we conducted
extensive searches in international databases such as PubMed
and Embase, no additional eligible English-language studies
were found. This limits the generalizability of our findings
to non-Chinese populations and healthcare systems. Future
research should conduct more international, multicenter RCTs
to validate further the efficacy and cost-effectiveness of Bailing
capsules for CRF. (5) The high heterogeneity in our meta-analysis
highlights variability in treatment responses across studies,
potentially driven by differences in intervention duration, patient
baseline characteristics, or concomitant medications. Although
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sensitivity and subgroup analyses were performed, the sources
of heterogeneity were not fully explained. (6) Lack of data on
additional clinical outcomes (e.g., GFR, albumin, and hemoglobin)
in the included RCTs limited the depth of our analysis because
these metrics are critical for assessing overall renal and nutritional
status; (7) CRF encompasses a wide spectrum of CKD severity
(stages 3–5), and treatment responses may vary across stages. Our
inability to perform subgroup analysis by stage prevented precise
recommendations for early versus advanced CRF. Future studies
must collect and report stage-stratified outcomes to address this
gap and guide personalized therapy; (8) the moderate risk of bias
in all the included RCTs is a major limitation. However, because
all studies shared similar methodological flaws and no trial was
rated as “low risk,” a subgroup analysis excluding low-quality trials
was not meaningful because the entire dataset lacked high-quality
evidence. This uniformity in bias risk suggests that our pooled
estimates may be directionally valid but with uncertain precision;
and (9) the utilities in the Markov model and mean reduction
of GFR per year were derived from studies conducted in other
countries, which could affect the reliability of the cost-effectiveness
of the Bailing capsule.

Conclusion

This study indicated that the Bailing capsule combined with
conventional therapies was associated with a greater reduction
in serum creatinine levels and was more cost-effective than
conventional therapies alone for treating CRF. Although our
findings suggest the potential benefits of the Bailing capsule, they
are constrained by the low methodological quality of the included
studies. High-quality, well-conducted RCTs are essential to validate
these results and ensure their clinical applicability. Moreover,
further long-term follow-up trials should be performed to verify the
cost-effectiveness of Bailing capsules in patients with CRF.
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