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Efficacy and safety of Guben
Tongluo formula in treating
chronic kidney disease (stage G3):
a multicenter randomized
controlled clinical trial

Lianxiang Duan®, Ziyang Liu™, Ling Chen, Yiging Yang*,
Yenan Fan?, Jie Chen?, Jing Hu?, Xuezhong Gong?* and
Yue Guo'*

!Department of Nephropathy, Seventh People's Hospital of Shanghai University of Traditional Chinese
Medicine, Shanghai, China, ?Department of Nephrology, Shanghai Municipal Hospital of Traditional
Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China

Background: The incidence of chronic kidney disease (CKD) is increasing yearly;
however, an effective drug treatment method for early-stage CKD (stage G3) is
lacking. Thus, we aimed to determine the efficacy and safety of Guben Tongluo
formula (GTF) for patients with CKD (stage G3).

Methods: One hundred and twenty participants were enrolled and randomly
divided into losartan potassium (LP) group and LP + GTF group. LP group
received general treatments combined with LP, and LP + GTF group received
general treatments combined with GTF and LP. Evaluation indicators included
changes in renal function, serum lipid, inflammatory factors, oxidative damage,
renal fibrosis, traditional Chinese medicine (TCM) symptom scores, and clinical
effective rate. In addition, vital sign indicators and adverse events (AEs) were
closely observed throughout the study.

Results: Scr and BUN levels were significantly lower and eGFR were significantly
improved in LP + GTF group (p < 0.05). There was no statistically significant
difference of UA and 24 h U-pro levels (p > 0.05). TG, TC levels were significantly
lower and HDL-C levels were significantly higher in LP + GTF group (p < 0.01).
No statistically significant difference in LDL-C levels was observed (p > 0.05).
Inflammatory factors levels were significantly lower in LP + GTF group
(p < 0.01). Notable increases in HO-1and SOD levels were observed in LP + GTF
group (p < 0.01), and MDA levels showed no statistically significant difference
(p > 0.05). CTGF and TGF-Bllevels were significantly lower in LP + GTF group
(p < 0.01), while no significant difference was observed of PC-IIl and Col-IV
levels (p > 0.05). TCM syndrome scores in LP + GTF group were significantly
lower (p < 0.01). The clinical efficiency rate in LP + GTF group (73.3%) was better
than that in LP group (40%). No significant between-group differences were
observed in AEs.

Conclusion: LP + GTF group demonstrated a better clinical efficacy rate than LP
group. GTF regulates serum lipid levels and has anti-inflammatory, antioxidative,
and anti-renal fibrosis effects. GTF showed potential benefits in this small
multicenter randomized controlled trial, warranting confirmation in larger, fully
blinded randomized trials.
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1 Introduction

Chronic kidney disease (CKD) is a condition characterized by
impaired kidney structure and function, triggered by various
etiological factors that may ultimately progress to end-stage renal
disease (ESRD) (1, 2). In 2022, the global prevalence of CKD was
estimated at ~850 million people (1). In the advanced stages of CKD,
patients rely solely on kidney replacement therapy (KRT) to sustain
their lives (3, 4). However, the widespread adoption of KRT in China
remains hindered by factors such as cost, technological limitations,
and trauma, and life-threatening complications remain prevalent even
for patients receiving KRT (5-7). CKD has thus imposed a substantial
social and economic burden and has emerged as a critical global
health threat (8-12).

CKD stages are defined by varying levels of the estimated
glomerular filtration rate (eGFR), reflecting the degree of renal
function deterioration (13-15). In early CKD stages (stage G3), eGFR
declines modestly, and proteinuria serves as an independent risk
factor for disease progression, often accompanied by hematuria (16,
17). The hallmark pathological features of CKD include extracellular
matrix accumulation and renal fibrosis, with renal function
progressively deteriorating (18-21). Renal fibrosis underpins the
progression of CKD, with inflammation and immune responses
contributing to its exacerbation (22-24). Thus, mitigating renal
fibrosis is central to improving patient outcome. Current Western
medical approaches to managing early-stage CKD involve
comprehensive interventions, utilizing ACE inhibitors (ACEI) or
angiotensin receptor blockers (ARB) to reduce proteinuria, along with
efforts to control blood glucose, blood pressure, lipids, and
malnutrition (25-28). Recent clinical and experimental studies have
demonstrated that traditional Chinese medicine (TCM) effectively
delays CKD progression, offering distinct advantages as a promising
therapy (29-32). TCM is more versatile in treating CKD, exhibiting
fewer side effects, and achieving efficacy through the coordination of
multiple mechanisms and targets (33-36).

Guben Tongluo formula (GTF) is an empirical formulation
developed by Professor Liqun He, a renowned TCM practitioner from
Shanghai (37, 38). GTF works by tonifying the spleen and kidney,
removing blood stasis, and expelling turbidity, and has been
particularly effective in treating early-stage CKD with proteinuria as
a primary symptom. A clinical study demonstrated that GTF
significantly alleviates hematuria and proteinuria while improving
renal function in patients with IgA nephropathy, likely through the
modulation of inflammation and immune responses (39). Previous
in vivo studies suggest that reno-protective effects of GTF, including
the reduction of urinary protein excretion, may be attributed to its
ability to protect podocytes and downregulate NLRP3 inflammatory
factors (40). Losartan potassium (LP), the first angiotensin-2 receptor
antagonist used for hypertension treatment, alleviates vascular
tension, reduces peripheral resistance, and lowers blood pressure.
Additionally, LP significantly reduces the combined cardiovascular
risk in hypertensive patients and offers certain reno-protective effects,
potentially lowering the risk of ESRD (41). This study aimed to assess
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the efficacy and safety of GTF in treating stage G3 CKD through a
multicenter randomized controlled trial and to explore the underlying
therapeutic mechanisms of GTE

2 Methods
2.1 Study design and setting

This was a multicenter randomized controlled clinical trial, and
the study protocol was approved by the ethics committee of each
participating hospital with the Ethics Committee of Seventh People’s
Hospital of Shanghai University of Traditional Chinese Medicine (No.
2023-7th-HIRB-008). This study was conducted in accordance with
the Declaration of Helsinki (42) and relevant Chinese regulations on
clinical trial research, respecting the rights of patients and requiring
the completion of patients’ informed consents. It has been registered
in the Chinese Clinical Trial Registry (no. ChiCTR2400090125). The
flowchart of the study is shown in Figure 1.

2.2 Participants

The study duration ranged from 15 December 2023 to 30 May
2025. Participants were recruited from the Department of Nephrology
of each hospital. The three hospitals were as follows: (1) Seventh
People’s Hospital of Shanghai University of Traditional Chinese
Medicine, (2) Shanghai Pudong New Area Hudong Community
Health Service Center, and (3) Shanghai Pudong New Area Jin Yang
Community Health Service Center. The patients were from three
hospitals above and were diagnosed with CKD (stage G3), with a total
of 120 cases. CKD patients [30 < eGFR<60 mL/(min-1.73m?)] with
spleen-kidney qi deficiency and blood stasis syndrome was collected
and divided into 2 groups: LP group and LP + GTF group, with 60
cases in each group. To guarantee the target sample size, recruitment
posters will be posted and trial advertisements will be accessible
through a certain web page. Before participating in the trial, a
specialized clinical researcher will inform participants of the inclusion
and exclusion criteria, relevant treatments and examinations to
be completed, as well as the potential benefits and risks. In addition,
the clinician will make every effort to prevent the harm that might
be caused to participants by this study, and ensure that every
participant has signed the informed consent. The documents of the
participants will be coded and personal information will not
be disclosed.

2.2.1 Diagnostic and staging criteria for CKD
According to the diagnostic criteria of the Kidney Disease:
Improving Global Outcomes (KDIGO) CKD Work Group (43), CKD is
defined as one of the following conditions that has persisted for
>3 months: (a) kidney damage, including albuminuria (urinary
albumin excretion rate>30 mg/24 h; urinary albumin creatinine
ratio>3 mg/mmol), abnormal urinary sediment, renal tubule related
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FIGURE 1
Flow chart of the study.

I J Included in the Full Analysis Set (n=60)

lesions, abnormal histological examination, abnormal imaging
examination, kidney transplantation history; (b) eGFR decreased:
30 mL/(min-1.73m?) < eGFR<60 mL/(min-1.73m?). CKD staging is
recommended according to the KDIGO staging criteria (44).

2.2.2 Diagnostic criteria for TCM syndrome
differentiation

The TCM diagnostic criteria for CKD individuals with spleen-
kidney qi deficiency and blood stasis syndrome are based on the
guidelines provided in “Diagnosis, Dialectical Classification, and
Efficacy Evaluation of Chronic Renal Failure” (45), which are outlined
as follows:

(1) Primary symptoms: fatigue, weakness in the lower back and
knees, persistent edema, abdominal distension. Secondary symptoms:
clear nocturnal urine, sensitivity to cold and heat, loose stools; Tongue:
pale or purplish; Pulse: fine and dull. (2) Concurrent blood stasis
syndrome. Symptoms: dusky skin, dark purple lips and nails, fixed or
aching back pain; Tongue: dark purple or petechiae or spots; Pulse:
astringent or fine astringent pulse. To diagnose TCM syndrome,
patients must present with either two primary symptoms or one
primary symptom along with two secondary symptoms, one
secondary symptom and one concurrent syndrome.
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2.2.3 Inclusion criteria

Patients were required to meet the following criteria for inclusion
in this trial: (1) diagnosed with CKD (stage G3) based on Western
medical diagnostic criteria and TCM syndrome differentiation; (2)
aged 18-70 years, with generally good social compliance; (3) those
who did not receive combined treatment with other TCM decoctions;
(4) 24-h urinary protein excretion <2.0 g; and (5) signed informed
consent, and voluntary participation.

2.2.4 Exclusion criteria

The following conditions excluded patients from participation in
the trial: (1) secondary CKD or patients with more severe multi-
organ damage than primary CKD; (2) recent infections, or inability
to control hypertension or hyperglycemia despite medication; (3)
current severe renal anemia, acid-base imbalances, water-electrolyte
disorders, or other major diseases. Patients with underlying
conditions such as diabetes, hypertension, or hyperlipidemia that do
not affect trial outcomes are not excluded; (4) circumstances that may
complicate participation, such as changes in work environment or
situations leading to difficulty in maintaining contact with the
research team; (5) history of alcohol or drug dependence, or current
abuse, identified through medical history. (6) sensitivity to multiple
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foods or drugs, or known serious allergies to ingredients in the study
medication; (7) pregnant or breastfeeding women; and (8)
participation in clinical trials of other drugs.

2.2.5 Withdrawal criteria

Patients were withdrawn from the study under the following
conditions: (1) failure to meet the diagnostic or inclusion criteria; (2)
diagnosis of incomplete data that affected the assessment of efficacy
and safety; (3) issues with patient compliance during the observation
period; (4) initiation of treatment with other medications due to
serious complications; and (5) discontinuation of treatment or the
assigned drug due to adverse reactions.

To maintain the rigor and standardization of the research, the
researchers provided a detailed explanation for each patients
withdrawal and ensured proper archiving of patient report forms and
other data for future review. Patients who were excluded from the
final analysis were also excluded from the efficacy statistical analysis.
However, for patients excluded owing to adverse reactions, a
thorough investigation into the cause was conducted and documented
after ensuring that all data had been accurately recorded.

2.2.6 Shedding and trial suspension criteria

The following conditions led to shedding: (1) allergic reactions to
the study drug, (2) natural attrition or loss to follow-up, and (3)
occurrence of complications during the study, leading to automatic
discontinuation of the clinical trial. In cases of shedding, the specific
causes were carefully recorded in the research report. Data were
divided according to the latest diagnostic indicators, followed by full
statistical analysis. The trial was suspended under the following
circumstances: (1) if a participant experienced a major adverse event
(AE) that significantly impaired their normal quality of life, and (2)
if a major procedural error occurred during the study that led to
significant deviation from the research protocol or clinical practice.

Researchers were required to explain the reasons for each case
of shedding and to ensure the preservation of relevant case report
forms (CRFs) and other documentation for future reviews. All
adverse reactions that occurred during the clinical study were
recorded and analyzed meticulously. If a patient failed to return
for a scheduled visit or lost contact, immediate attempts were
made to reach the patient or their family members using
alternative means (e.g., WeChat) to determine the cause of
non-compliance.

2.3 Randomization and blinding

The randomization was performed by a designated research
assistant utilizing a random number table generated through SPSS
software (version 29.0; IBM Corp., Armonk, NY, USA). Participants
were allocated at random in a 1:1 ratio to either the LP group or the
LP + GTF group according to their order of admission. An
independent statistician, who was not blinded, prepared the random
allocation sequence. To ensure detailed allocation concealed, sealed
envelopes containing sequential coding numbers were adopted. The
unique properties of TCM decoctions made it impossible to blind the
therapists and patients. To preserve the trial’s integrity, the outcome
evaluators and data analysts were unaware of the treatment
assignments. Both the participants and researchers were blinded to
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the group assignments throughout the study. When dispensing the
drugs, the staff were unaware of the group assignments, ensuring
blinding of both the grouping and dosing procedures. The intent-to-
treat (ITT) population included all patients who were randomly
assigned. The safety population consisted of all patients who had been
administered any amount of the study drugs. In the full analysis set
(FAS) population, demographics, baseline characteristics, and
secondary efficacy endpoints were summarized. Safety outcomes
were evaluated among the safety population, with no imputation for
missing data.

2.4 Interventions
2.4.1 Treatment methods

2.4.1.1 General treatments

(1) Dietary management: a high-quality, low-protein diet (0.6 g/
kg/d), low sodium intake (< 6 g/d), and caloric intake of 30-35
kCAVkg/d, ensuring nutritional requirements and a positive nitrogen
balance without exacerbating azotemia. (2) Hypoglycemic therapy:
Insulin, glipizide, or repaglinide should be utilized to effectively
manage blood glucose, maintaining fasting blood glucose levels
between 5.6 and 7.0 mmol/L, and glycosylated hemoglobin within
the range of 4-6%. (3) Antihypertensive therapy: appropriate use of
calcium channel blockers, o- or B-receptor antagonists, diuretics, and
central antihypertensive agents to maintain blood pressure below
130/80 mmHg. (4) Symptomatic management: in accordance with
guidelines, anemia and calcium and phosphorus metabolism
disturbances should be appropriately addressed, and acid-base
balance, along with water and electrolyte homeostasis, should
be maintained to ensure normal blood lipid levels.

2.4.1.2 LP group treatments
In addition to the general treatments, LP tablets (100 mg) were
administered orally once daily.

2.4.1.3 GTF + LP group treatments

In addition to the general treatments, GTF was administered
orally in, one bag twice daily, while LP was administered as
described above.

The manufacturer of LP tablets is Organon Pharma (UK)
Limited (United Kingdom) and the batch number is Z006913.
Formulation of GTF: raw Astragalus 15 g, Salviae Miltiorrhiza
15 g, Peach Kernel 10 g, Herba Lycopi 10 g, Glossy Privet Fruit
15 g, Eclipta Alba 15 g, Rhizoma Imperatae 30 g, Rheum Officinale
30 g, Ramuli Euonymi 15 g, among other ingredients. GTF was
manufactured by Shanghai Wanshicheng Pharmaceutical Products
Co., Ltd., with 200 mL/bag.

The treatment and follow-up lasted for 6 months. When
participants are enrolled, all the indicators listed in the manuscript
will be examined and recorded to ensure that the baseline data are
balanced and comparable. At the third month, the safety indicators
will be checked to ensure that no adverse reactions occur due to
the administration of the drugs in the study. In the last week of
the sixth month, all the indicators will be re-examined and
compared with those before treatment to clearly determine the
treatment effect.
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2.5 Outcome measurements

2.5.1 Evaluation outcome indicators

(1) Renal function related indicators: serum creatinine (Scr),
blood urea nitrogen (BUN), serum uric acid (UA), serum albumin,
eGFR; 24 h urine protein quantification (24 h U-pro); (2) serum
lipid indicators: triglyceride (TG), cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C); (3) inflammatory factors: inflammatory
cytokines including interleukin-1p (IL-1p), interleukin-6 (IL-6) and
tumor necrosis factor-o (TNF-a); (4) oxidative damage indicators:
hemeoxygenase-1 (HO-1), Superoxide dismutase (SOD) and
malondialdehyde (MDA); (5) renal fibrosis indicators: type III
procollagen (PCIII), type IV collagen (Col-IV), connective tissue
growth factor (CTGF), and transforming growth factor-f1
(TGF-p1) and (6) improvement in TCM symptoms scores
after treatment.

The primary evaluation index was the change in serum creatinine
(Scr) after treatment. Renal fibrosis is the main pathological basis for
the progression of CKD, and dyslipidemia, inflammation, immune
responses may lead to the exacerbation of renal fibrosis. Therefore,
secondary evaluation indices include changes in BUN, UC, eGFR,
24 h U-pro, etc.; serum lipid indicators (TG, TC, HDL-C, and
LDL-C), inflammatory indicators (IL-1f, IL-6, and TNF-x),
oxidative damage indicators (HO-1, SOD, MDA), renal fibrosis
indicators (PCIII, Col-IV, CTGE and TGF-f1), and TCM
symptom scores.

2.5.2 TCM syndrome score

(1) Clinical
be established to assess syndrome scores. According to “Diagnosis,
Dialectical Classification and Efficacy Evaluation of Chronic Renal
Failure” (45), the syndrome differentiation criteria were formulated as

symptoms: clinical observation tables will

follows: main symptoms: fatigue, weak waist and knees, edema,
stomach flatulence. (2) Second disease: clearer and longer urine in
night, fear of cold and warm, thinner stool. Tongue: Lilac. Pulse: fine
or dull. Concurrent syndrome of blood stasis: Symptoms: malformed
skin, dark purple lip nails, fixed or tingling back pain. Tongue: dark
purple, tongue with petechiae or spots. Pulse: astringent or fine
astringent pulses. The tongue-coating pulse can only be recorded
separately in the record book and will not participate in the final score
addition and comparison. The scoring grades were generally 0, 1, 2, 3
points for normal, mild, moderate, and severe, respectively.

2.6 Evaluation criteria for TCM syndromes
effect

According to the Guidelines for Clinical Research of Chinese
Medicine (New Drug), the symptoms of spleen-kidney qi deficiency
and blood stasis syndrome were categorized as normal, mild,
moderate, and severe with 0, 1, 2, 3 points, respectively. The total
scores before and after treatment for each patient will be summed
according to TCM symptoms, and then efficacy indicator (EI) will
be calculated:

EI = decreased symptom score before and after treatment/total
symptom score before treatment. EI was adopted to evaluate treatment
efficacy after treatment: significantly effective (EI > 60%), effective
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(60% > EI > 30%), stable (30% > EI), and to ineffective (TCM
syndrome scores did not decrease or worsen). Two professional TCM
doctors will conduct TCM symptoms and syndrome assessment and
scoring, and then take the average to ensure a reduction in potential
bias caused by the lack of blinding and occasional factors.

2.7 Data entry and management

Each participant was required to complete the CRFs accurately
and truthfully. It was the supervisor’s responsibility to review
completed CRFs and submit them to the designated data
administrators for entry and management. Data administrators used
the EpiData software to perform these tasks. Personal information was
kept strictly confidential, with access granted with only the supervisor’s
permission. In compliance with the GCP requirements, all data were
retained for more than 5 years after the completion of the trial.

2.8 Sample size estimation

The sample size was determined based on the primary outcome of
the change in the baseline Scr. According to our previous study (46),
the mean Scr value was 121.8 pmoL/L, with a standard deviation of
29.7 pmoL/L. It was hypothesized that the Scr level in the GTF + LP
group would decrease significantly by more than 20 pmoL/L. Using
the PASS (version 15.0.3) software, the sample size was calculated to
achieve a test power of 1-f = 0.90 and a significance level of @ = 0.05
(two-sided test). Considering a 20% dropout rate, the estimated
sample size was 60 participants per group, for a total of 120 participants.

2.9 Quality control of data

Before initiating the trial, a meeting was held to ensure that all the
participants received the necessary training. They underwent
professional training to ensure that the CRFs was completed accurately
and thoroughly. The clinical trial was designed according to GCP
requirements, and participants were enrolled strictly according to
established standards. The entire process followed rigorous clinical
design protocols. At each site, the test samples were sent to the central
laboratory for analysis and disposal to minimize data deviations.
Professional biologists analyzed the collected data. Data administrators
primarily conducted manual checks of data entry with systematic
reviews performed upon completion. The Data Monitoring
Committee regularly monitored and evaluated the quality of the data.

2.10 Safety assessment

Data were collected on general condition, routine hematuria, liver
and renal function, electrocardiograms, and the incidence of AEs. AEs
were recorded and reported, and it was essential to accurately assess the
cause and effect of AEs and any drugs involved based on the relevant
causal judgment indicators. If AEs occurred, the attending physician
decided whether to suspend the trial based on the participants
condition. Adverse reactions were followed up and documented in
detail. In the event of serious AEs (SAEs), the investigator was required
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to take appropriate protective measures for the participants and report
the event to the drug administrator within 24 h.

2.11 Statistical analysis

For all data analyses, SPSS (version 29.0) and GraphPad Prism
9 (GraphPad Software, Boston, MA, USA) were utilized. The
statistics will encompass the actual recruitment numbers for the two
groups, dropout and exclusion instances, demographic information,
efficacy and safety metrics, and subgroup analyses according to the
disease being addressed. Analysis of efficacy will be carried out using
the FAS and per protocol set (PPS) datasets. At each follow-up, the
main and secondary efficacy indicators were compared between the
two groups, and the 95% confidence interval for the difference in
symptom scores was determined. The safety dataset (SS) was used to
conduct a safety analysis. Data are presented as the mean + standard
deviation and were processed using SPSS software. Continuous data
were analyzed using the t-test or Wilcoxon rank-sum method, and
categorical data were assessed using the y* test. To compare the
frequency of adverse events and those linked to the study drug
between the two groups, Fisher’s exact probability method was
utilized. Descriptive statistics for lab test results will emphasize
abnormal values, and cross-tabulation will be employed to illustrate
changes in lab test indicators before and after treatment. For each
visit, vital signs will be detailed using the mean + standard deviation,
along with the maximum and minimum values. To compare groups,
a paired t-test or Wilcoxon rank sum test will be used for differences
within groups, and a grouped t-test will be applied for differences
between groups. A p-value < 0.05 was considered to indicate a
statistically significant difference, while a p-value > 0.05 suggested
no significant statistical difference between the comparative data.

3 Results

3.1 Baseline characteristics of enrolled
participants

After screening 168 patients, 120 were enrolled. Of the 168
patients, 21 did not meet the inclusion criteria, 16 met the exclusion
criteria, seven declined to participate, and four were excluded for other
reasons (Figure 1). The LP group consisted of 32 male participants,
with a mean age of 60.5 + 9.8 years. In the LP + GTF group, there were
35 male participants, with a mean age of 56.6 + 13.8 years. The
distribution of CKD categories is shown in the table below, with
diabetic nephropathy being the most prevalent, accounting for 65.0%.
Statistical analysis revealed no significant differences in sex, age, or
CKD categories between the two groups (p > 0.05), indicating that the
baseline characteristics were well-balanced and the efficacy of the
clinical study was comparable (Table 1).

3.2 Evaluation of primary outcome

The primary evaluation endpoint was the change in Scr level after
treatment. Statistical analysis showed that the mean + SD of Scr after
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treatment was 137.3 + 32.8 in the LP group and 116.8 + 38.5 in the
LP + GTF group. Both groups showed a significant reduction in Scr
after treatment compared to baseline (p < 0.01). Scr levels were
significantly lower in the LP + GTF group than in the LP group
(p < 0.05) (Table 2 and Figure 2).

3.3 Evaluation of secondary outcomes

3.3.1 Comparison of other renal function
indicators

Other indicators of renal function were assessed. The mean + SD
of BUN after treatment was 12.5 + 4.9 in the LP group and 8.6 + 2.0 in
the LP + GTF group. BUN levels were significantly lower in the
LP + GTF group than in the LP group (p < 0.01). UA and 24 h U-pro
levels were lower in the LP + GTF group after treatment than at
baseline, but there was no statistically significant difference compared
to the LP group (p > 0.05). eGFR improved in the LP + GTF group, with
a statistically significant difference (p < 0.01) (Table 2 and Figure 2).

3.3.2 Comparison of serum lipid indicators

For lipid profiles, the mean + SD of TG after treatment was
1.6 £ 0.6 in the LP group and 1.3 + 0.4 in the LP + GTF group. The
TG levels were significantly lower in the LP + GTF group than in
the LP group (p < 0.01). Additionally, TC levels were significantly
lower and HDL-C levels were significantly higher in the LP + GTF
group than in the LP group (p < 0.01). No statistically significant
difference in LDL-C levels was observed between the two groups
(Table 2 and Figure 3).

3.3.3 Comparison of inflammatory factors and
oxidative damage indicators

Statistical analysis revealed that the mean + SD of IL-1f after
treatment was 11.6 £ 3.3 in the LP group and 10.3 + 1.8 in the
LP + GTF group. IL-1P levels were significantly lower in the
LP + GTF group than in the LP group (p < 0.01). Additionally, IL-6
and TNF-o levels were significantly lower in the LP + GTF group
(p < 0.01). Notable increases in HO-1 and SOD levels were observed
in the LP + GTF group, with a significant difference (p < 0.01).
MDA levels showed more pronounced changes in the LP + GTF
group after treatment (p < 0.05), but no statistically significant
difference was found compared with the LP group (p > 0.05)
(Table 2 and Figure 4).

3.3.4 Comparison of renal fibrosis indicators

The mean + SD of CTGF after treatment was 102.4 + 24.2 in the
LP group and 90.5 + 11.9 in the LP + GTF group. CTGF levels were
significantly lower in the LP + GTF group than in the LP group
(p <0.01). Similarly, TGF-p1 levels were significantly lower in the
LP + GTF group (p < 0.01). PC-III and Col-IV levels were reduced in
the LP + GTF group after treatment (p < 0.01), although no significant
difference was observed compared with the LP group (p > 0.05)
(Table 2 and Figure 5).

3.3.5 Comparison of TCM syndrome scores

Statistical results showed that mean + SD of TCM syndrome
scores, respectively, were 45.6 + 14.9, 33.3 + 11.2 in the LP group and

frontiersin.org


https://doi.org/10.3389/fmed.2025.1691637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Duan et al. 10.3389/fmed.2025.1691637

TABLE 1 Baseline characteristics of enrolled participants.

Characteristics Total (n = 120) LP group (n = 60) LP+GTF group (n = 60)
Male 67 (55.8%) 32 (53.3%) 35 (58.3%)
Age (years) 58.6 +12.1 60.5+9.8 56.6 +13.8
Categories of CKD
Diabetic nephropathy 78 (65.0%) 36 (60.0%) 42 (70.0%)
Hypertensive nephropathy 64 (53.3%) 29 (48.3%) 35(58.3%)
Chronic nephritis 24 (20.0%) 14 (23.3%) 10 (16.7%)
Hyperuricemic nephropathy 43 (35.8%) 22 (36.7%) 21 (35.0%)

LP, losartan potassium; GTE, Guben Tongluo formula; CKD, chronic kidney disease.

TABLE 2 The comparison of primary and secondary efficacy endpoints.

Variables LP group (n = 60) LP+GTF group (n = 60)

Before treatment After treatment Before treatment After treatment

Renal function indicators

Scr (pmol/L) 156.4 +45.9 137.3 +32.8% 159.1 +37.0 116.8 + 38.5%*
BUN (mmol/L) 129+38 125+49 12.1+£27 8.6 +2.0%

UA (pmol/L) 4437 £ 118.7 406.6 + 85.1* 455.3 +74.8 392.4 £76.1%
eGFR [mL/(min-1.73m?)] 454+ 8.8 54.9 +15.1% 44.1+89 63.5 £ 12.9%
24h U-pro (mg/24h) 1092.1 + 319.5 974.3 +377.7 1227.3 £ 590.5 854.7 + 594.8%

Serum lipid indicators

TG (mmol/L) 21+1.0 1.6 £ 0.6 23+1.2 1.3 £ 0.4%
TC (mmol/L) 49+1.4 44+ 1.1% 52+1.6 3.3+ 1.0%
HDL-C (mmol/L) 1.2+£04 1.3 +0.5% 1.6 £0.6 2.0 £0.9%
LDL-C (mmol/L) 35+1.6 4.0+ 1.0% 3.6+20 3.8+£0.9

Inflammatory factors

IL-1p (pg/mL) 13.7+34 11.6 +3.3% 13.9+3.0 10.3 + 1.8%
IL-6 (pg/mL) 14.1+34 13.7 £ 3.4% 129425 10.8 £ 2.2%*
TNF-a (pg/mL) 37.8+6.3 35.1+8.1% 38.7+84 19.9 + 6.8+

Oxidative damage indicators

HO-1 (ng/mL) 78.0 £ 6.3 77.6 +8.4 77.9+7.5 91.4 + 14.0%*
SOD (U/mL) 65.5+7.9 68.1 £ 6.6 67.6 8.0 87.3 £7.3%
MDA (nmol/mL) 13.1+3.6 12.1+3.6 13.7+2.7 11.6 + 5.9%

Renal fibrosis indicators

PC-ITI(ng/mL) 115.0 £ 24.0 91.4 £ 16.0% 117.9 £20.5 87.1+13.2%
Col-IV(ng/mL) 151.3 +28.4 91.8 + 13.9% 149.1 £26.8 87.1+10.6*
CTGF (ng/mL) 108.1 +11.8 102.4 +£24.2 112.5+12.0 90.5 + 11.9%*
TGF-f, (ng/mL) 103.4+11.2 107.6 £ 10.5 106.9 + 10.1 92.5 +13.5%
TCM syndrome scores 57.2+115 45.6 + 14.9% 59.5+11.5 333+ 11.2%

LP, losartan potassium; GTFE, Guben Tongluo formula; Scr, serum creatinine; BUN, blood urea nitrogen; UA, uric acid; eGFR, estimated glomerular filtration rate; 24 h U-pro, 24-h urine
protein; TG, triglyceride; TC, cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IL-1p, interleukin-1p; IL-6, interleukin-6; TNF-a, tumor
necrosis factor-o; HO-1, Hemeoxygenase-1; SOD, superoxide dismutase; MDA, malonaldehyde; PC-III, type III procollagen; Col-1V, type IV collagen; CTGE, connective tissue growth factor;
TGEF-,, transforming growth factor-f,; TCM, traditional Chinese medicine. *Statistically significant difference from before treatment. *Statistically significant difference from LP group;

P <0.05 was considered statistically significant difference.

LP + GTF group after treatment. Compared with the LP group, TCM  3.3.6 Comparison of clinical effective rate
syndrome scores in the LP + GTF group were significantly lower As presented in Table 3, the significant effective and effective
(p <0.01) (Table 2 and Figure 6). rates in the LP group were 7 (11.7%) and 17 (28.3%), respectively. In
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FIGURE 2
The comparison of renal function indicators between two groups before and after treatment.

contrast, the significant effective and effective rates in the LP + GTF
group were 18 (30%) and 26 (43.3%), respectively. The total efficacy
rate in the LP + GTF group (73.3%) was significantly higher than that
in the LP group (40%) (Table 3).

3.3.7 Safety evaluation

The AEs that occurred in the LP and LP + GTF groups are listed
in Table 4. No SAEs requiring withdrawal were reported during the
treatment period in either group. In the LP group, two participants
experienced AEs (gastrointestinal reactions and skin rash), while in
the LP+GTF group,
(gastrointestinal reactions, dizziness, or headache).

three participants experienced AEs

4 Discussion

At stage G3 of CKD, most patients begin to exhibit clinical
symptoms, indicating that the kidney’s compensatory capacity can no
longer meet the bodys normal demands (47-49). Effective and
standardized treatments may still offer the potential for clinical
improvement (50-53). However, without proper control and
monitoring, the condition often progresses rapidly to ESRD,
accompanied by anemia, dizziness, fatigue, nausea, and other
irreversible complications (54-56). With growing health awareness,
the focus of CKD prevention and treatment has shifted from managing
ESRD to intervening in the early stages of CKD. Thus, identifying a
safe, effective, simple, and affordable treatment strategy to delay
progression to the final stage is not only beneficial for the majority of
patients with CKD but also represents a significant milestone in
nephrology with considerable practical and societal value (57-59).
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In patients with CKD, toxins can induce systemic inflammation,
immune dysfunction, oxidative stress, and elevated risk of vascular
disease (60-63). These complications are strongly associated with low
survival rates observed in patients with CKD (64). CKD is often
accompanied by immune dysfunction, primarily involving cellular
immune impairment (65). Immune system disturbances are common
in patients with CKD. During CKD progression, numerous
inflammatory mediators, such as IL-6, IL-1p, and TNF-aq, are released.
These pro-inflammatory cytokines drive inflammatory infiltration in
the renal interstitium and trigger the release of nephrotoxic factors
from kidney resident cells, leading to the continuous proliferation of
fibroblasts and eventual development of renal fibrosis (66-68). CKD
is characterized by the dual presence of oxidative stress and
inflammation, both of which contribute to disease progression and the
onset of cardiovascular complications (69-71). As CKD advances,
abnormal extracellular matrix deposition in the renal tubules leads to
renal fibrosis, ultimately resulting in ESRD (72-74).

TCM has been utilized in the treatment of acute and chronic
kidney diseases for thousands of years and has demonstrated
remarkable clinical efficacy (75-77). Natural products are recognized
as sources of new drugs over the nearly four decades (78-81). In the
GTF formulation, Raw Astragalus was employed to strengthen spleen
qi and alleviate edema. Salvia Miltiorrhiza, Peach Kernel, Herba Lycopi,
and Ramuli Euonymi promote blood circulation, resolve stasis, expel
turbid substances, and support diuresis (82-85). Glossy Privet Fruits
and Eclipta Alba primarily tonify the kidneys and strengthen their
essence. Rheum Officinale and Rhizoma Imperatae eliminate
accumulations, clear heat, and cool the blood (78, 86). The complete
formula harmonizes the functions of tonifying the spleen and kidneys,
resolving blood stasis, and expelling turbidity.
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FIGURE 3
The comparison of serum lipids indicators between two groups before and after treatment.

Currently, it is believed that LP can effectively lower blood pressure,
reduce the risk of cardiovascular diseases, and alleviate renal damage
(87). But it can cause arrhythmia, increase the burden on the
gastrointestinal tract, lead to headaches and dizziness, as well as cause
kidney damage. When treating CKD, angiotensin-converting enzyme
inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) and sodium-
glucose co-transporter-2 (SGLT-2) inhibitors are two commonly used
drugs (88). The adoption of ACEI/ARB will be beneficial for reduction
of proteinuria and blood pressure control, while it may lead to
deterioration of renal function. SGLT2 inhibitors may have cardiorenal
protective effect and delay the prognosis of CKD (89). But the
application of SGLT2 inhibitors might increase risk of urinary tract
infection and cause dehydration. As demonstrated in the study, GTF
showed significant reno-protective effects and has relatively minor side
effects, which might be an alternative drug method for CKD treatment.

Furthermore, GTF enhances renal function in patients with
chronic glomerulonephritis. As a key component of the inflammatory
response, nod-like receptor pyrin domain-containing 3 (NLRP3) is
closely associated with immune inflammation (90). Ongoing
inflammation is a key factor in the development and issues associated
with CKD. The NLRP3 inflammasome pathway has become an
essential player in mediating the inflammatory response in CKD (91).
Increased levels of NLRP3 in hemodialysis patients imply a potential
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link between the inflammasome and oxidative stress in CKD patients
(92). By blocking ferroptosis, the accumulation of profibrotic
cytokines is effectively reduced, which helps in relieving renal fibrosis.
The TGF-B/Smad pathway is intricately linked to the profibrotic
mechanism of ferroptosis, and enhancing GPX4 expression while
targeting ferroptosis might be a promising approach for CKD
treatment (93-95). GTF effectively improves albuminuria in IgA
nephropathy mice, and its mechanism is potentially linked to the
regulation of NLRP3 expression (40). LP has been shown to
significantly reduce the combined risk of cardiovascular diseases.
Based on prior clinical experience, GTF has proven to be effective in
alleviating renal injury and reducing proteinuria. As this clinical trial
progresses, it is expected to offer deeper insights into the mechanisms
through which GTF alleviates CKD, particularly through the anti-
inflammatory, antioxidant, and anti-renal fibrosis pathways. Moreover,
the combination of GTF and LP is expected to provide a novel
therapeutic approach for the clinical management of CKD. The
findings of this study will offer a scientific framework for future
clinical trials, lay the groundwork for further basic research, and open
avenues for exploring the multi-target and multi-pathway potential of
TCM in the prevention and treatment of CKD.

This study had several limitations. Despite meeting statistical
requirements, the study remains a relatively small-scale trial with
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The comparison of renal fibrosis indicators between two groups before and after treatment.
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TABLE 3 The comparison of clinical effective rate between two groups.

Effective rate LP group LP + GTF group
(n = 60) (n = 60)

Significantly effective 7 (11.7%) 18 (30%)

Effective 17 (28.3%) 26 (43.3%)

Stable 19 (31.7%) 12 (20%)

Ineffective 17 (28.3%) 4(6.7%)

Total effective rate 24 (40%) 44 (73.3%)

LP, losartan potassium.

TABLE 4 Adverse events during treatment period.

Adverse events LP group LP + GTF group
(n = 60) (n = 60)
Overall 2 3
Severe adverse events 0 0
Gastrointestinal reactions 1 2
Dizziness or headache 0 1
Arrhythmia 0 0
Skin rash 1 0
Other adverse events 0 0

LP, losartan potassium.

limited follow-up, which may restrict generalizability. In addition,
owing to the constraints of the dosage form, a complete blinding
method could not be implemented, which may have influenced the
results. Furthermore, variations in participants underlying
conditions could introduce uncertainty into trial outcomes. Future
studies should expand the sample size and optimize trial procedures
to minimize the impact of research biases on the results, as well as
address more comprehensively potential confounders (concomitant
medications, missing data and multiplicity).
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5 Conclusion

The LP + GTF group exhibited a higher clinical efficacy than the
LP group. GTF demonstrated significant reno-protective effects,
regulated serum lipid levels, alleviated clinical symptoms, and
delayed the progression of renal fibrosis. The potential mechanisms
underlying these may
antioxidative, and anti-renal fibrotic properties. GTF showed

effects involve anti-inflammatory,
potential benefits in this small multicenter randomized controlled

trial, warranting confirmation in larger, fully blinded

randomized trials.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

LD: Methodology, Data curation, Writing — review & editing,
Investigation, Conceptualization, Supervision, Writing - original
draft, Formal analysis, Project administration, Funding acquisition.
ZL: Methodology, Supervision, Conceptualization, Writing — original
draft, Investigation, Writing — review & editing, Software, Funding
acquisition, Formal analysis, Data curation. LC: Validation, Project
administration, Conceptualization, Investigation, Methodology,
Writing - review & editing, Supervision, Software, Writing — original
draft. YY: Methodology, Writing - review & editing, Project
administration, Conceptualization, Data curation, Investigation,
Writing - original draft. YF: Formal analysis, Writing - review &
editing, Methodology, Writing - original draft, Conceptualization,
Investigation, Data curation, Validation. JC: Conceptualization,
Investigation, Supervision, Writing - original draft, Writing - review
& editing, Project administration, Methodology, Formal analysis. JH:
Writing - original draft, Project administration, Methodology,
Supervision,  Validation, ~Writing
Conceptualization, Investigation. XG: Writing - original draft, Project

review &

- editing,
administration, Visualization, Validation, Resources, Investigation,
Supervision, Methodology, Conceptualization, Writing — review &
editing, Funding acquisition. YG: Methodology, Writing - original
draft, Conceptualization, Investigation, Visualization, Data curation,
Funding acquisition, Validation, Writing - review & editing,
Resources, Project administration.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by grants from the Shanghai Municipal Health Commission of
Traditional Chinese Medicine Research Project (2024QN044) and the
Inheritance Project of Famous Traditional Chinese Medicine
Practitioners in Pudong New Area (PDZY-2025-0935).

frontiersin.org


https://doi.org/10.3389/fmed.2025.1691637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Duan et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

1. Romagnani P, Agarwal R, Chan JCN, Levin A, Kalyesubula R, Karam S, et al.
Chronic  kidney disease. Nat Rev Dis Primers. (2025) 11:8. doi:
10.1038/s41572-024-00589-9

2. Khandpur S, Mishra P, Mishra S, Tiwari S. Challenges in predictive modelling of
chronic kidney disease: a narrative review. World ] Nephrol. (2024) 13:97214. doi:
10.5527/wjn.v13.i3.97214

3. Shdaifat EA, Abu-Sneineh FT, Ibrahim AM. Quality of life and psychological
distress in end-stage renal disease patients undergoing hemodialysis and transplantation.
World ] Nephrol. (2024) 13:95739. doi: 10.5527/wjn.v13.i3.95739

4. Granata S, La Russa D, Stallone G, Perri A, Zaza G. Inflammasome pathway in
kidney transplantation. Front Med. (2023) 10:1303110. doi: 10.3389/fmed.2023.1303110

5. Wei Z, Jin Y, Cheng J, Han X, Liu J, Liu S. Chinese experience on comparison of
clinical efficacy and safety of hemodialysis and peritoneal dialysis in the treatment of
diabetic kidney failure: a systematic review and meta-analysis. Front Med. (2023)
10:1116103. doi: 10.3389/fmed.2023.1116103

6. Tang Y, Guo J, Zhou J, Wan Z, Li ], Qiu T. Risk factors and current state of therapy
for anemia after kidney transplantation. Front Med. (2023) 10:1170100. doi: 10.3389/
fmed.2023.1170100

7. Stepanova N. Probiotic interventions in peritoneal dialysis: a review of underlying
mechanisms and therapeutic potentials. World ] Nephrol. (2024) 13:98719. doi: 10.5527/
wjn.v13.i4.98719

8. Tao P, Huo J, Chen L. Bibliometric analysis of the relationship between gut
microbiota and chronic kidney disease from 2001-2022. Integr Med Nephrol Androl.
(2024) 11:e00017. doi: 10.1097/IMNA-D-23-00017

9. Sleiman J, Soler Pujol G, Montaiiez E, Roatta V, Laham G. Access to treatment in
chronic kidney disease, dialysis and transplantation. Is there gender equality? Front Med.
(2023) 10:1176975. doi: 10.3389/fmed.2023.1176975

10. Araji G, Keesari PR, Chowdhry V, Valsechi-Diaz J, Afif S, Diab W, et al. Vitamin
B12 deficiency in dialysis patients: risk factors, diagnosis, complications, and treatment:
a  comprehensive review. World ] Nephrol. (2024) 13:100268. doi:
10.5527/wjn.v13.i4.100268

11. Palomo-Pifidn S, Aguilar-Alonso JA, Chavez-Iiiguez JS, Hernandez-Arellanes FE,
Mariano-Murga JA, Flores-Rodriguez JC, et al. Strategies to address diabetic kidney
disease burden in Mexico: a narrative review by the Mexican College of Nephrologists.
Front Med. (2024) 11:1376115. doi: 10.3389/fmed.2024.1376115

12. Ndongo M, Nehemie LM, Coundoul B, Diouara AAM, Seck SM. Prevalence and
outcomes of polycystic kidney disease in African populations: a systematic review. World
J Nephrol. (2024) 13:90402. doi: 10.5527/wjn.v13.i1.90402

13. Huang R, Fu P, Ma L. Kidney fibrosis: from mechanisms to therapeutic medicines.
Signal Transduct Target Ther. (2023) 8:129. doi: 10.1038/541392-023-01379-7

14. Raikou VD. Renoprotective strategies. World J Nephrol. (2024) 13:89637. doi:
10.5527/wjn.v13.i1.89637

15. Yang X, Bayliss G, Zhuang S. Obesity-related glomerulopathy: epidemiology,
pathogenesis, and current treatments. Integr Med Nephrol Androl. (2024) 11:¢24-e00011.
doi: 10.1097/IMNA-D-24-00011

16. Gregg LP, Van Buren PN, Ramsey DJ, Maydon A, Banerjee S, Walther CP, et al.
Natriuretic peptides, extracellular volume, and subclinical cardiovascular changes in
chronic kidney disease stages 1-3: a pilot study. J Investig Med. (2022) 70:1520-8. doi:
10.1136/jim-2022-002467

17. Miao H, Liu E, Wang YN, Yu XY, Zhuang S, Guo Y, et al. Targeting Lactobacillus
johnsonii to reverse chronic kidney disease. Signal Transduct Target Ther. (2024) 9:195.
doi: 10.1038/s41392-024-01913-1

Frontiers in Medicine

12

10.3389/fmed.2025.1691637

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

18. Balakumar P. Unleashing the pathological role of epithelial-to-mesenchymal
transition in diabetic nephropathy: the intricate connection with multifaceted
mechanism. World ] Nephrol. (2024) 13:95410. doi: 10.5527/wjn.v13.i2.95410

19. Youhua L. Kidney fibrosis: fundamental questions, challenges, and perspectives.
Integr Med Nephrol Androl. (2024) 11:e24-e00027. doi: 10.1097/IMNA-D-24-00027

20. Ming WH, Luan ZL, Yao Y, Liu HC, Hu SY, Du CX, et al. Pregnane X receptor
activation alleviates renal fibrosis in mice via interacting with p 53 and inhibiting the
Wnt7a/f-catenin  signaling. Acta Pharmacol Sin. (2023) 44:2075-90. doi:
10.1038/s41401-023-01113-7

21.JiJL, LiJY, Liang JX, Zhou Y, Liu CC, Zhang Y, et al. Tubular TMEM16A promotes
tubulointerstitial fibrosis by suppressing PGC-1a-mediated mitochondrial homeostasis
in diabetic kidney disease. Cell Mol Life Sci. (2023) 80:347. doi:
10.1007/s00018-023-05000-6

22. Miguel V, Shaw IW, Kramann R. Metabolism at the crossroads of inflammation
and fibrosis in chronic kidney disease. Nat Rev Nephrol. (2025) 21:39-56. doi:
10.1038/s41581-024-00889-z

23.Chung JY-E Zhang Y-Y, Ji ZZ-Y, Tang T, Chen J-Y, Tang SC-W, et al.
Immunodynamics of macrophages in renal fibrosis. Integr Med Nephrol Androl. (2023)
10:e00001. doi: 10.1097/IMNA-D-23-00001

24. Huang MJ, Ji YW, Chen JW, Li D, Zhou T, Qi P, et al. Targeted VEGFA therapy in
regulating early acute kidney injury and late fibrosis. Acta Pharmacol Sin. (2023)
44:1815-25. doi: 10.1038/s41401-023-01070-1

25. Song Z, Gong X. Research Progress on the potential mechanisms of acute kidney
injury and chronic kidney disease induced by proton pump inhibitors. Integr Med
Nephrol Androl. (2023) 10:¢00027. doi: 10.1097/IMNA-D-22-00027

26. Chinnadurai R, Wu HHL, Abuomar J, Rengarajan S, New DI, Green D, et al.
Antihypertensive prescribing patterns in non-dialysis dependent chronic kidney disease:
findings from the Salford kidney study. World ] Nephrol. (2023) 12:168-81. doi:
10.5527/wjn.v12.i5.168

27. Miao H, Wang YN, Su W, Zou L, Zhuang SG, Yu XY, et al. Sirtuin 6 protects against
podocyte injury by blocking the renin-angiotensin system by inhibiting the Wnt1/f-
catenin pathway. Acta Pharmacol Sin. (2023) 45:137-49. doi: 10.1038/
541401-023-01148-w

28. Wang Y, Liu T, Wu Y, Wang L, Ding S, Hou B, et al. Lipid homeostasis in diabetic
kidney disease. Int ] Biol Sci. (2024) 20:3710-24. doi: 10.7150/ijbs.95216

29.Dong X, Zhang J, Li W, Li Y, Jia L, Liu Z, et al. Yi-Shen-Hua-Shi regulates intestinal
microbiota dysbiosis and protects against proteinuria in patients with chronic kidney
disease: a randomized controlled study. Pharm Biol. (2024) 62:356-66. doi:
10.1080/13880209.2024.2345080

30. Guo ZY, Wu X, Zhang SJ, Yang JH, Miao H, Zhao YY. Poria cocos: traditional uses,
triterpenoid components and their renoprotective pharmacology. Acta Pharmacol Sin.
(2025) 46:836-51. doi: 10.1038/s41401-024-01404-7

31. Vagopoulou A, Theofilis P, Karasavvidou D, Haddad N, Makridis D, Tzimikas S,
et al. Pilot study on the effect of flavonoids on arterial stiffness and oxidative stress in
chronic kidney disease. World ] Nephrol. (2024) 13:95262. doi: 10.5527/wjn.v13.i3.95262

32.Chen L, Ye Z, Wang D, Liu J, Wang Q, Wang C, et al. Chuan Huang Fang
combining reduced glutathione in treating acute kidney injury (grades 1-2) on chronic
kidney disease (stages 2-4): a multicenter randomized controlled clinical trial. Front
Pharmacol. (2022) 13:969107. doi: 10.3389/fphar.2022.969107

33. Chu A, Wei W, Liu N, Zhang F, Zhang X, Li X, et al. Therapeutic effects of Kangxian
Yanshen formula on patients with chronic kidney disease stages 3-4: a retrospective cohort
study. Front Med. (2024) 11:1450561. doi: 10.3389/fmed.2024.1450561

frontiersin.org


https://doi.org/10.3389/fmed.2025.1691637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41572-024-00589-9
https://doi.org/10.5527/wjn.v13.i3.97214
https://doi.org/10.5527/wjn.v13.i3.95739
https://doi.org/10.3389/fmed.2023.1303110
https://doi.org/10.3389/fmed.2023.1116103
https://doi.org/10.3389/fmed.2023.1170100
https://doi.org/10.3389/fmed.2023.1170100
https://doi.org/10.5527/wjn.v13.i4.98719
https://doi.org/10.5527/wjn.v13.i4.98719
https://doi.org/10.1097/IMNA-D-23-00017
https://doi.org/10.3389/fmed.2023.1176975
https://doi.org/10.5527/wjn.v13.i4.100268
https://doi.org/10.3389/fmed.2024.1376115
https://doi.org/10.5527/wjn.v13.i1.90402
https://doi.org/10.1038/s41392-023-01379-7
https://doi.org/10.5527/wjn.v13.i1.89637
https://doi.org/10.1097/IMNA-D-24-00011
https://doi.org/10.1136/jim-2022-002467
https://doi.org/10.1038/s41392-024-01913-1
https://doi.org/10.5527/wjn.v13.i2.95410
https://doi.org/10.1097/IMNA-D-24-00027
https://doi.org/10.1038/s41401-023-01113-7
https://doi.org/10.1007/s00018-023-05000-6
https://doi.org/10.1038/s41581-024-00889-z
https://doi.org/10.1097/IMNA-D-23-00001
https://doi.org/10.1038/s41401-023-01070-1
https://doi.org/10.1097/IMNA-D-22-00027
https://doi.org/10.5527/wjn.v12.i5.168
https://doi.org/10.1038/s41401-023-01148-w
https://doi.org/10.1038/s41401-023-01148-w
https://doi.org/10.7150/ijbs.95216
https://doi.org/10.1080/13880209.2024.2345080
https://doi.org/10.1038/s41401-024-01404-7
https://doi.org/10.5527/wjn.v13.i3.95262
https://doi.org/10.3389/fphar.2022.969107
https://doi.org/10.3389/fmed.2024.1450561

Duan et al.

34.Sun MY, Ye HJ, Zheng C, Jin Z], Yuan Y, Weng HB. Astragalin ameliorates renal
injury in diabetic mice by modulating mitochondrial quality control via AMPK-
dependent PGCla pathway. Acta Pharmacol Sin. (2023) 44:1676-86. doi:
10.1038/s41401-023-01064-z

35. Wang YN, Wu X, Shan QY, Yang Q, Yu XY, Yang JH, et al. Acteoside-containing
caffeic acid is bioactive functional group of antifibrotic effect by suppressing
inflammation via inhibiting AHR nuclear translocation in chronic kidney disease. Acta
Pharmacol Sin. (2025). doi: 10.1038/s41401-025-01598-4

36. Zou TE, Liu ZG, Cao PC, Zheng SH, Guo WT, Wang TX, et al. Fisetin treatment
alleviates kidney injury in mice with diabetes-exacerbated atherosclerosis through
inhibiting CD36/fibrosis pathway. Acta Pharmacol Sin. (2023) 44:2065-74. doi:
10.1038/s41401-023-01106-6

37. Wu Q, Meng W, Shen JJ, Bai JY, Wang LB, Liang TY, et al. Guben Tongluo formula
protects LPS-induced damage in Lamina Propria B lymphocytes through TLR4/MyD88/
NF-xB pathway. Curr Med Sci. (2022) 42:991-9. doi: 10.1007/s11596-022-2622-4

38. Chen L, Chen J, Xu Q-M, Liao L, Guo Y, He L-Q, et al. Efficacy and safety of Guben
Tongluo formula combining losartan potassium in treating chronic kidney disease
(stages 1-3): study protocol for a multicenter randomized controlled clinical trial. Clin
Res Commun. (2025) 8:1-5. doi: 10.53388/CRC2025002

39.8un C, Yang X, Tang Y, Zhang J, Shen P. Clinical observation of Guben Tongluo
formula in the treatment of IgA nephropathy. Shanghai ] Trad Chin Med. (2017) 51:93-7.

40. Zhang ], Wu Q, Shen P, C. Effects of Guben Tongluo formula on NLRP3 in mice
with Ig a nephropathy. Shanghai ] Trad Chin Med. (2020) 54:183-5. doi:
10.16305/j.1007-1334.2020.51.050

41. Garcia Sanchez JJ, Thompson J, Scott DA, Evans R, Rao N, Sorstadius E, et al.
Treatments for chronic kidney disease: a systematic literature review of randomized
controlled trials. Adv Ther. (2022) 39:193-220. doi: 10.1007/s12325-021-02006-z

42. World Medical Association Declaration of Helsinki. Ethical principles for medical
research involving human subjects. JAMA. (2013) 310:2191-4. doi: 10.1001/
jama.2013.281053

43. Andrassy KM. Comments on 'KDIGO 2012 clinical practice guideline for the
evaluation and Management of Chronic Kidney Disease. Kidney Int. (2013) 84:622-3.
doi: 10.1038/ki.2013.243

44. KDIGO. 2024 clinical practice guideline for the evaluation and Management of
Chronic Kidney Disease. Kidney Int. (2024) 105:S117-s314. doi: 10.1016/j.
kint.2023.10.018

45. Diagnosis LQH. Dialectical classification and efficacy evaluation of chronic renal
failure. Shanghai. J Tradit Chin Med. (2006) 8:8-9. doi: 10.16305/j.1007-1334.2006.08.004

46. Wu Q, Li W, Jiang J, S PC, He LQ. Effect of “Guben Tongluo formula’on the level
of serum B cell activating factor in IgA nephropathy patients. Chin | Integr Trad West
Nephro. (2017) 18:30-3.

47. Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney
disease. Lancet. (2021) 398:786-802. doi: 10.1016/S0140-6736(21)00519-5

48. Jafry NH, Sarwar S, Wagar T, Mubarak M. Clinical course and outcome of adult
patients with primary focal segmental glomerulosclerosis with kidney function loss on
presentation. World ] Nephrol. (2024) 13:98932.

49.Liu T, Li Q Jin Q, Yang L, Mao H, Qu P, et al. Targeting HMGBI1: a potential
therapeutic strategy for chronic kidney disease. Int J Biol Sci. (2023) 19:5020-35. doi:
10.7150/ijbs.87964

50. Anandh U, Anders HJ, Bacchetta ], Johnson DW, Luyckx V, Remuzzi G, et al. Two
decades of nephrology research: progress and future challenges. Nat Rev Nephrol. (2025).
doi: 10.1038/s41581-025-00996-5

51. Cheung CK, Alexander S, Reich HN, Selvaskandan H, Zhang H, Barratt ]. The
pathogenesis of IgA nephropathy and implications for treatment. Nat Rev Nephrol.
(2025) 21:9-23. doi: 10.1038/s41581-024-00885-3

52. Correa-Rotter R, Maple-Brown LJ, Sahay R, Tuttle KR, Ulasi II. New and emerging
therapies for diabetic kidney disease. Nat Rev Nephrol. (2024) 20:156-60. doi:
10.1038/s41581-023-00782-1

53. DeFronzo RA, Reeves WB, Awad AS. Pathophysiology of diabetic kidney disease:
impact of SGLT2 inhibitors. Nat Rev Nephrol. (2021) 17:319-34. doi:
10.1038/s41581-021-00393-8

54. Blum MF, Neuen BL, Grams ME. Risk-directed management of chronic kidney
disease. Nat Rev Nephrol. (2025) 21:287-98. doi: 10.1038/s41581-025-00931-8

55. Glastras SJ, Pollock CA. Targeted identification of risk and treatment of diabetic
kidney disease. Nat Rev Nephrol. (2024) 20:75-6. doi: 10.1038/541581-023-00796-9

56. Kishi S, Kadoya H, Kashihara N. Treatment of chronic kidney disease in older
populations. Nat Rev Nephrol. (2024) 20:586-602. doi: 10.1038/s41581-024-00854-w

57. Abbad L, Esteve E, Chatziantoniou C. Advances and challenges in kidney fibrosis
therapeutics. Nat Rev Nephrol. (2025) 21:314-29. doi: 10.1038/s41581-025-00934-5

58.Byun JH, Lebeau PE, Trink J, Uppal N, Lanktree MB, Krepinsky JC, et al.
Endoplasmic reticulum stress as a driver and therapeutic target for kidney disease. Nat
Rev Nephrol. (2025) 21:299-313. doi: 10.1038/541581-025-00938-1

59.Li S, Susztak K. Mitochondrial dysfunction has a central role in diabetic kidney
disease. Nat Rev Nephrol. (2025) 21:77-8. doi: 10.1038/s41581-024-00919-w

Frontiers in Medicine

13

10.3389/fmed.2025.1691637

60. Miao H, Zhang SJ, Wu X, Li P, Zhao YY. Tryptophan metabolism as a target in gut
microbiota, ageing and kidney disease. Int ] Biol Sci. (2025) 21:4374-87. doi:
10.7150/ijbs.115359

61. Corradi V, Caprara C, Barzon E, Mattarollo C, Zanetti F, Ferrari F, et al. A possible
role of p-cresyl sulfate and indoxyl sulfate as biomarkers in the prediction of renal
function according to the GFR (G) categories. Integr Med Nephrol Androl. (2024)
11:€24-e00002.

62. Wang YN, Zhang ZH, Liu HJ, Guo ZY, Zou L, Zhang YM, et al. Integrative
phosphatidylcholine metabolism through phospholipase A, in rats with chronic kidney
disease. Acta Pharmacol Sin. (2023) 44:393-405. doi: 10.1038/s41401-022-00947-x

63.Liu Y, Qiao Y, Pan S, Chen J, Mao Z, Ren K, et al. Broadening horizons: the
contribution of mitochondria-associated endoplasmic reticulum membrane (MAM)
dysfunction in diabetic kidney disease. Int J Biol Sci. (2023) 19:4427-41. doi:
10.7150/ijbs.86608

64. Glorieux G, Burtey S, Evenepoel P, Jankowski J, Koppe L, Masereeuw R, et al. A
guide to uraemic toxicity. Nat Rev Nephrol. (2025)

65.Duni A, Kitsos A, Bechlioulis A, Lakkas L, Markopoulos G, Tatsis V; et al.
Identification of novel independent correlations between cellular components of the
immune system and strain-related indices of myocardial dysfunction in CKD patients
and kidney transplant recipients without established cardiovascular disease. Int ] Mol
Sci. (2024) 25:9162. doi: 10.3390/ijms25179162

66. Evenepoel P, Stenvinkel P, Shanahan C, Pacifici R. Inflammation and gut dysbiosis
as drivers of CKD-MBD. Nat Rev Nephrol. (2023) 19:646-57. doi:
10.1038/s41581-023-00736-7

67. Li XJ, Shan QY, Wu X, Miao H, Zhao YY. Gut microbiota regulates oxidative stress
and inflammation: a double-edged sword in renal fibrosis. Cell Mol Life Sci. (2024)
81:480. doi: 10.1007/s00018-024-05532-5

68. Anders HJ, Huber TB, Isermann B, Schiffer M. CKD in diabetes: diabetic kidney
disease versus nondiabetic kidney disease. Nat Rev Nephrol. (2018) 14:361-77. doi:
10.1038/s41581-018-0001-y

69. Kishi S, Nagasu H, Kidokoro K, Kashihara N. Oxidative stress and the role of redox
signalling in chronic kidney disease. Nat Rev Nephrol. (2024) 20:101-19. doi:
10.1038/s41581-023-00775-0

70. Zhao BR, Hu XR, Wang WD, Zhou Y. Cardiorenal syndrome: clinical diagnosis,
molecular mechanisms and therapeutic strategies. Acta Pharmacol Sin. (2025)
46:1539-55. doi: 10.1038/541401-025-01476-z

71. Wang YN, Miao H, Yu XY, Guo Y, Su W, Liu E et al. Oxidative stress and
inflammation are mediated via aryl hydrocarbon receptor signalling in idiopathic
membranous nephropathy. Free Radic Biol Med. (2023) 207:89-106. doi:
10.1016/j.freeradbiomed.2023.07.014

72. Hall AM. Protein handling in kidney tubules. Nat Rev Nephrol. (2025) 21:241-52.
doi: 10.1038/s41581-024-00914-1

73.Cao G, Miao H, Wang YN, Chen DQ, Wu XQ, Chen L, et al. Intrarenal
1-methoxypyrene, an aryl hydrocarbon receptor agonist, mediates progressive
tubulointerstitial fibrosis in mice. Acta Pharmacol Sin. (2022) 43:2929-45. doi:
10.1038/s41401-022-00914-6

74.Feng Q, Yang Y, Ren K, Qiao Y, Sun Z, Pan S, et al. Broadening horizons: the
multifaceted functions of ferroptosis in kidney diseases. Int ] Biol Sci. (2023) 19:3726-43.
doi: 10.7150/ijbs.85674

75. Gao N, Zhang X]. Perspectives of clinical research on Shen-Shuai-Ning in the
treatment of diabetic nephropathy. Front Med. (2024) 11:1438266. doi:
10.3389/fmed.2024.1438266

76.Li H, Xu P, Zhang X, Ye N, Xu F, Liang B. Mizhuo Guanchangye enema delays the
decline of renal function in rats with chronic kidney disease by intervening in the TLR4/
MyD88/NF-kB pathway. Front Med. (2024) 11:1454506. doi: 10.3389/fmed.2024.1454506

77.Yan Z, Zhang L, Kang Y, Liu S, Li X, Li L, et al. Integrating serum
pharmacochemistry and network pharmacology to explore potential compounds and
mechanisms of Alpiniae oxyphyllae fructus in the treatment of cellular senescence in
diabetic kidney disease. Front Med. (2024) 11:1424644. doi: 10.3389/fmed.2024.1424644

78. Feng HY, Wang YQ, Yang J, Miao H, Zhao YY, Li X. Anthraquinones from Rheum
officinale ameliorate renal fibrosis in acute kidney injury and chronic kidney disease.
Drug Des Devel Ther. (2025) 19:5739-60. doi: 10.2147/DDDT.S521265

79. Kuang BC, Wang ZH, Hou SH, Zhang J, Wang MQ, Zhang JS, et al. Methyl eugenol
protects the kidney from oxidative damage in mice by blocking the Nrf2 nuclear export
signal through activation of the AMPK/GSK3p axis. Acta Pharmacol Sin. (2023)
44:367-80. doi: 10.1038/s41401-022-00942-2

80. Shao YE Tang BB, Ding YH, Fang CY, Hong L, Shao CX, et al. Kaempferide
ameliorates cisplatin-induced nephrotoxicity via inhibiting oxidative stress and inducing
autophagy. Acta Pharmacol Sin. (2023) 44:1442-54. doi: 10.1038/s41401-023-01051-4

81.Zhong X, Jia J, Tan R, Wang L. Hederagenin improves adriamycin-induced
nephropathy by inhibiting the JAK/STAT signaling pathway. Integr Med Nephrol Androl.
(2024) 11:€22-e00016. doi: 10.1097/IMNA-D-22-000016

82.Ma Z, Zhang H, Zhao F, Li K, Dong N, Sang W. Safety and effectiveness of Salvia
miltiorrhiza and ligustrazine injection for acute cerebral infarction in Chinese
population: a PRISMA-compliant meta-analysis. Front Pharmacol. (2024) 15:1425053.
doi: 10.3389/fphar.2024.1425053

frontiersin.org


https://doi.org/10.3389/fmed.2025.1691637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41401-023-01064-z
https://doi.org/10.1038/s41401-025-01598-4
https://doi.org/10.1038/s41401-023-01106-6
https://doi.org/10.1007/s11596-022-2622-4
https://doi.org/10.53388/CRC2025002
https://doi.org/10.16305/j.1007-1334.2020.S1.050
https://doi.org/10.1007/s12325-021-02006-z
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1038/ki.2013.243
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.16305/j.1007-1334.2006.08.004
https://doi.org/10.1016/S0140-6736(21)00519-5
https://doi.org/10.7150/ijbs.87964
https://doi.org/10.1038/s41581-025-00996-5
https://doi.org/10.1038/s41581-024-00885-3
https://doi.org/10.1038/s41581-023-00782-1
https://doi.org/10.1038/s41581-021-00393-8
https://doi.org/10.1038/s41581-025-00931-8
https://doi.org/10.1038/s41581-023-00796-9
https://doi.org/10.1038/s41581-024-00854-w
https://doi.org/10.1038/s41581-025-00934-5
https://doi.org/10.1038/s41581-025-00938-1
https://doi.org/10.1038/s41581-024-00919-w
https://doi.org/10.7150/ijbs.115359
https://doi.org/10.1038/s41401-022-00947-x
https://doi.org/10.7150/ijbs.86608
https://doi.org/10.3390/ijms25179162
https://doi.org/10.1038/s41581-023-00736-7
https://doi.org/10.1007/s00018-024-05532-5
https://doi.org/10.1038/s41581-018-0001-y
https://doi.org/10.1038/s41581-023-00775-0
https://doi.org/10.1038/s41401-025-01476-z
https://doi.org/10.1016/j.freeradbiomed.2023.07.014
https://doi.org/10.1038/s41581-024-00914-1
https://doi.org/10.1038/s41401-022-00914-6
https://doi.org/10.7150/ijbs.85674
https://doi.org/10.3389/fmed.2024.1438266
https://doi.org/10.3389/fmed.2024.1454506
https://doi.org/10.3389/fmed.2024.1424644
https://doi.org/10.2147/DDDT.S521265
https://doi.org/10.1038/s41401-022-00942-2
https://doi.org/10.1038/s41401-023-01051-4
https://doi.org/10.1097/IMNA-D-22-000016
https://doi.org/10.3389/fphar.2024.1425053

Duan et al.

83. Wang L, Wang S, Dai X, Yue G, Yin J, Xu T, et al. Salvia miltiorrhiza in osteoporosis:
a review of its phytochemistry, traditional clinical uses and preclinical studies
(2014-2024). Front Pharmacol. (2024) 15:1483431. doi: 10.3389/fphar.2024.1483431

84. Chen J, Jiang C, Liu Z, Wang P, Ma Q, Zhou N. Study on optimization of extraction
and purification processes for total flavonoids from Lycopi herba roots and their anti-
proliferative effects on fibrous synoviocytes in human rheumatoid arthritis. Ultrason
Sonochem. (2025) 112:107164. doi: 10.1016/j.ultsonch.2024.107164

85.Zhang W, Hu Y, He J, Guo D, Zhao J, Li P. Structural characterization and
immunomodulatory activity of a novel polysaccharide from Lycopi Herba. Front
Pharmacol. (2021) 12:691995. doi: 10.3389/fphar.2021.691995

86. Zou W, Dong Y, Yang S, Gong L, Zhang Y, Shi B, et al. Imperatae rhizoma-Hedyotis
diffusa Willd. Herbal pair alleviates nephrotic syndrome by integrating anti-
inflammatory and hypolipidaemic effects. Phytomedicine. (2021) 90:153644. doi:
10.1016/j.phymed.2021.153644

87. Heerspink HJL, Jongs N, Schloemer P, Little D], Brinker M, Tasto C, et al.
Development and validation of a New hierarchical composite end point for clinical trials
of kidney disease progression. | Am Soc Nephrol. (2023) 34:2025-38. doi:
10.1681/ASN.0000000000000243

88.Shao YJ, Chen WT, Yu SM, Tsou LL, Hsu YH, Wu MS, et al. Investigation of
cardiorenal outcomes and incidence of genitourinary tract infection after combined
SGLT2 inhibitor and ACEI/ARB use in patients with chronic kidney disease stages 3-5:
a real-world retrospective cohort study in Taiwan. Int ] Med Sci. (2024) 21:2109-18. doi:
10.7150/ijms.96969

Frontiers in Medicine

14

10.3389/fmed.2025.1691637

89.Chen QF, Lu Y, Katsouras CS, Peng Y, Sun J, Li M, et al. Characteristics,
outcomes and the necessity of continued guideline-directed medical therapy in
patients with heart failure with improved ejection fraction. Ann Med. (2025)
57:2442535. doi: 10.1080/07853890.2024.2442535

90. Zhao W, Cao Y, Chen Y, Chen Y, Wang T, Li L, et al. NLRP3 regulates mandibular
healing through interaction with UCHLS5 in MSCs. Int ] Biol Sci. (2023) 19:936-49. doi:
10.7150/ijbs.78174

91.LiZ, WuH, YaoE Li Y, Li Y, Xie SA, et al. Runx2-NLRP3 axis orchestrates matrix
stiffness-evoked vascular smooth muscle cell inflammation. Am ] Physiol Cell Physiol.
(2025) 328:C467-c482. doi: 10.1152/ajpcell.00448.2024

92. Ribeiro M, Cardozo L, Coutinho-Wolino KS, Ribeiro-Alves M, Mafra D.
Hemodialysis intensifies NLRP3 inflammasome expression and oxidative stress in patients
with chronic kidney disease. Int ] Mol Sci. (2025) 26:6933. doi: 10.3390/ijms26146933

93.Chen Y, Dai Y, Huang Y, Zhang L, Zhang C, Gao H, et al. Inhibition of tubular
epithelial cells ferroptosis alleviates renal interstitial fibrosis by reducing lipid
hydroperoxides and TGF-p/Smad signaling. Cell Commun Signal. (2025) 23:81. doi:
10.1186/5s12964-025-02068-4

94. He H, Wang H, Chen X, Zhong Y, Huang XR, Ma RC, et al. Treatment for type 2
diabetes and diabetic nephropathy by targeting Smad3 signaling. Int J Biol Sci. (2024)
20:200-17. doi: 10.7150/ijbs.87820

95.Ren LL, Miao H, Wang YN, Liu E, Li P, Zhao YY. TGF- as a master regulator
of aging-associated tissue fibrosis. Aging Dis. (2023) 14:1633-50. doi:
10.14336/AD.2023.0222

frontiersin.org


https://doi.org/10.3389/fmed.2025.1691637
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1483431
https://doi.org/10.1016/j.ultsonch.2024.107164
https://doi.org/10.3389/fphar.2021.691995
https://doi.org/10.1016/j.phymed.2021.153644
https://doi.org/10.1681/ASN.0000000000000243
https://doi.org/10.7150/ijms.96969
https://doi.org/10.1080/07853890.2024.2442535
https://doi.org/10.7150/ijbs.78174
https://doi.org/10.1152/ajpcell.00448.2024
https://doi.org/10.3390/ijms26146933
https://doi.org/10.1186/s12964-025-02068-4
https://doi.org/10.7150/ijbs.87820
https://doi.org/10.14336/AD.2023.0222

	Efficacy and safety of Guben Tongluo formula in treating chronic kidney disease (stage G3): a multicenter randomized controlled clinical trial
	1 Introduction
	2 Methods
	2.1 Study design and setting
	2.2 Participants
	2.2.1 Diagnostic and staging criteria for CKD
	2.2.2 Diagnostic criteria for TCM syndrome differentiation
	2.2.3 Inclusion criteria
	2.2.4 Exclusion criteria
	2.2.5 Withdrawal criteria
	2.2.6 Shedding and trial suspension criteria
	2.3 Randomization and blinding
	2.4 Interventions
	2.4.1 Treatment methods
	2.4.1.1 General treatments
	2.4.1.2 LP group treatments
	2.4.1.3 GTF + LP group treatments
	2.5 Outcome measurements
	2.5.1 Evaluation outcome indicators
	2.5.2 TCM syndrome score
	2.6 Evaluation criteria for TCM syndromes effect
	2.7 Data entry and management
	2.8 Sample size estimation
	2.9 Quality control of data
	2.10 Safety assessment
	2.11 Statistical analysis

	3 Results
	3.1 Baseline characteristics of enrolled participants
	3.2 Evaluation of primary outcome
	3.3 Evaluation of secondary outcomes
	3.3.1 Comparison of other renal function indicators
	3.3.2 Comparison of serum lipid indicators
	3.3.3 Comparison of inflammatory factors and oxidative damage indicators
	3.3.4 Comparison of renal fibrosis indicators
	3.3.5 Comparison of TCM syndrome scores
	3.3.6 Comparison of clinical effective rate
	3.3.7 Safety evaluation

	4 Discussion
	5 Conclusion

	References

