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Objective: To investigate the efficacy and safety of Shengjiang powder as a
treatment for DKD.

Methods: A comprehensive search was performed in eight databases from their
inception to December 30, 2023, to identify relevant RCTs. The inclusion criteria
were diagnosis of DKD and intervention including TCM that contained Shengjiang
powder. Two researchers independently conducted literature screening and data
extraction, utilizing the Rob2 tool and GRADE to assess the quality of the RCTs.
Meta-analysis was carried out using RevMan 5.4.1 and Stata 15.0.

Results: As a result of the search, 23 RCTs comprising 1,682 patients. The
interventions resulted in significant reductions in all the assessed indicators:
24-h urinary protein, UAER, mALB, BUN, Scr, FBG, 2hPG, HbAlc, total
cholesterol, and Triglycerides. Together the results showed that Shengjiang
powder, in conjunction with conventional therapy, is an effective treatment of
DKD. Subgroup analyses, considering duration, stage, blood glucose control
levels, baseline blood glucose levels, and baseline Scr levels indicated that shorter
duration treatment had a greater effect on UAER, 2hPG, and HbAlc. Additionally,

Abbreviations: DKD, Diabetic kidney disease; TCM, Traditional Chinese medicine; RCT, Randomized
controlled trials; CKD, Chronic kidney disease; DM, Diabetes mellitus; ESRD, End-stage renal disease; Scr,
Serum Creatinine; BUN, Blood Urea Nitrogen; CT, Conventional therapy; MeSH, Medical subject heading;
UAER, Urinary Albumin Excretion Rate; mALB, Microalbuminuria; FBG, Fasting Blood Glucose; 2hPG, 2-h
post-load Plasma Glucose; HbAlc, Hemoglobin Alc; TC, Total Cholesterol; TG, Triglycerides; GRADE, The
Grading of Recommendation, Assessment, Development, and Evaluation; RR, Relative risk; MD, Mean

difference; CI, Confidence interval.
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Shengjiang powder was more effective in reducing 24-h urinary protein, Scr, and
2hPG in stage IV patients compared to corresponding values at other stages.
However, with respect to FBG, the treatment was more effective in stage II/Ill.
Shengjiang powder also, reduced Scr levels significantly in patients with higher
baseline Scr and reduced urinary protein excretion with stricter blood glucose
control. The interventions had additional lipid-regulating effects in cases with
looser blood glucose control and led to a remarkable reduction in BUN and Scr
levels in patients with FBG > 11.1 mmol/L.

Conclusion: Shengjiang powder may supplement conventional therapy, thus
benefiting DKD patients in terms of reducing urinary protein, stabilizing kidney
function, and improving blood glucose and lipid metabolism. Considering the
significant heterogeneity among studies and limited quality of some reports, our
conclusions need to be further verified through analyses utilizing larger, multi-
center samples of higher quality.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42024490795.
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1 Introduction

Diabetic kidney disease (DKD) is a chronic kidney disease
characterized by structural injury and dysfunction of the kidney
resulting from chronic hyperglycemia. Typical clinical features
include progressively increasing levels of urinary protein and
deteriorating kidney function (1, 2). In recent decades, the global
prevalence of adult diabetes mellitus (DM) and impaired glucose
tolerance has significantly increased, with approximately thirty to
forty percent of DM patients experiencing various degrees of kidney
impairment (3-5). DKD has now emerged as a major public health
concern worldwide (6) and is a primary cause of end-stage renal
disease (ESRD) (7-9), accounting for over one-third of ESRD cases
in Europe and the Americas (10). In China, approximately 30% of
type 1 DM and 20% of type 2 DM develop into DKD cases, of which
53% are fatal (11).

The etiology and pathogenesis of DKD remain unelucidated.
Current research shows that, other than age and genetic factors,
abnormal metabolism of blood glucose and lipids (12),
inflammatory responses, and oxidative stress (13) play a role in
the pathogenesis of DKD. In addition, abnormal hemodynamics
and micro-circulation disturbance of the kidney are closely related
to DKD (14, 15).

Currently, clinicians adopt a comprehensive treatment for
DKD, emphasizing early intervention. Aside from the basic
treatment involving education and diet management, proactive
intervention is valued for risk factors, such as hyperglycemia,
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hypertension, and hyperlipidemia to prevent further kidney
damage or cardiovascular disease. With respect to ESRD, patients
are treated with hemodialysis and, if necessary, a kidney transplant
(16). Additionally, effective treatment also involves strictly
controlling blood glucose and blood pressure, as well as
blockading the renin-angiotensin-aldosterone system (RAAS)
through the use of Angiotensin-converting enzyme inhibitors or
Angiotensin receptor blockers (ACEI/ARBs). However, this
approach slows the progression of the disease (17) but does not
prevent disease onset and eventual progression. With the exception
of ACEI/ARBs, for which there is strong evidence of improving the
long-term prognosis (18-20), there is little evidence of effective
drugs to treat DKD. Thus, it is essential to explore new
treatment approaches.

In recent years, more patients have considered traditional
Chinese medicine (TCM) as a supplementary treatment for
kidney diseases. In a study based in Taiwan, the use of TCM in
patients with chronic kidney disease significantly reduced (by ca.
60%) the risk of developing ESRD (21). Furthermore, a meta-
analysis of patients with early-stage DKD revealed that
the treatment combined with TCM could effectively control
disease progression and resulted in fewer side effects (22). The
authors of another systematic review also found that the
combination of TCM and ACEI/ARBs was superior to ACEI/
ARBs alone in reducing the incidence of ESRD and decreasing
the levels of 24-h urinary protein, Scr (Serum Creatinine), and BUN
(Blood Urea Nitrogen) (23).
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From a TCM perspective, DKD, considered a “heat stagnation”
pattern, falls in the category of shenxiao derived from long-
term xiaoke. The pathogenesis of this condition is essential empty
and out solid. Pathological products, such as blood stasis, phlegm
obstruction, dampness, and toxic turbidity are outer phenomenons
(24, 25). Collaterals blockade is associated with the progression of
DKD (26), during which the pathological products and Qi
blockade co-cause heat stagnation. Thus, treating DKD requires
consideration of the six perspectives: Qi, blood, phlegm, stasis,
dampness, and food stagnation. Dissipating them and expelling
heat to readjust the Qi movement can effectively ameliorate
metabolic disturbances—and this is generally the effect of
Shengjiang powder.

Shengjiang powder is a well-known prescription intended to
treat “warm” disease. LiShan Yang of the Qing Dynasty called it the
general prescription of the “warm” disease that has heat stagnation
lurking inside. With the aim of treating “the heat among exterior-
interior and triple energizers”, Yang suggested using Shengjiang
powder to clear heat, resolve stagnation, and unclog the collaterals
(27). Shengjiang powder’s Chinese characters literally mean “to rise
and fall” and is essentially a summary of the effectiveness of this
formula in TCM, rather than referring to a specific herb like ginger.
Its traditional formula consists of the followings: the stift silkworm,
endowed with the Qi of Yangming Dryness-Metal, sends up the
lucid yang and dissipates the stagnated turbid phlegm, to avoid
further invasion of all stagnated pathogenic factors; cicada slough,
regarded as lucid and ethereal to disperse fire, dispels the wind and
eliminates the dampness, to detoxify the body; Curcuma longa
(rhizome) repels evil by inducing the Qi to untie the sluggish
situation and plays the role of diathermy; Rheum officinale (root
and rhizome) quells the chaos by dredging throughout the body,
and its bitterness determines the function of consolidating yin and
draining fire.

Clinically, Shengjiang powder is commonly used to treat
externally contracted diseases (28, 29). Yet underlying its
application is the principle of “heat stagnation” and resulting
pathogenesis, whose symptoms are often manifested as visceral
dysfunction. In “Plain Conversation: Major Discussion on the
Abstruseness of the Six Kinds of Qi”, it is written that, “the
activities of ascent, descent, existing, and entering exist in
everything”, “
the life force; failure of Qi to ascend and descend will immediately

Stoppage of exiting and entering indicates a loss of

lead to isolation and loss of Qi.” Obstruction of Qi movement
results in the body’s “stagnation”, meaning the inability to regulate
the necessary function of raising or lowering. Consequently,
whether the disease is contracted externally or internally, it will
lead to stagnation and eventually generate heat over time.
Therefore, in the case of biochemical metabolic disorders and
hemodynamic abnormalities, it is crucial to determine if DKD cases
can be characterized as the “heat stagnation” pattern. If stagnation,
turbidity, and heat have amassed in the bodily systems, the
Shengjiang powder is recommended to clear and diffuse the
stagnant heat reliably. Furthermore, the treatment helps distribute
the stretched Qi movement to raise the limpid and lower the turbid.
To date, there have been many randomized controlled trials
(RCT) of the use of Shengjiang powder in the treatment of DKD;
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however, the results of these RCT's cannot be viewed as being highly
reliable, due to the small sample size and low test power. In the
present study we aimed to evaluate the efficacy and safety, based on
RCTs, of Shengjiang powder combined with conventional therapy
(CT) in the treatment of DKD.

2 Methods

The protocol of our study was registered on 21 January 2024;
the registration number in PROSPERO is CRD42024490795.
(https://www.crd.york.ac.uk/PROSPERO/) Based on this, we later
added additional subgroup analyses.

2.1 Search strategy

English language databases (PubMed, Embase, Cochrane
Library, International Clinical Trials Registry Platform, Clinical
Trials Database, and Grey Literature Database), as well as Chinese
databases (CNKI and Wanfang Database) were independently
searched by two researchers. The literature retrieval period was
from the establishment of the database to December 30, 2023. In
addition, we have traced the references included in the studies to
supplement the acquisition of relevant research. The search
formulation was constructed with a combination of the medical
subject heading (MeSH) and free texts. The specific search strategy
can be found in Supplementary Table 1. Searches were not limited
by language or year of publication.

2.2 Inclusion and exclusion criteria

In the case of patients diagnosed with DKD, the clinical
diagnosis is based on the Expert Consensus on the Prevention
and Treatment of DKD (2014 Edition) (30), and the pathological
diagnosis is based on Mogensen (31). There were no other
restrictions based on gender, age, or region.

The trial group received both CT and TCM, which included all
the components of Shengjiang powder (stiff silkworm, cicada
slough, Rheum officinale (root and rhizome), and Curcuma longa
(rhizome)). The example of administration: one pack daily, 400ml
after decocting, divide into twice, and half in the morning and half
in the evening. The CT included DM health education, diet
management, exercise therapy, and drugs to regulate blood
pressure and blood glucose, as well as to optimize blood lipids,
etc, regardless of dosage or form. In contrast, the control group
received CT only.

The following primary indicators were measured: clinical efficacy
(32), 24-h urinary protein, urinary albumin excretion rate (UAER),
microalbuminuria (mALB) (16), BUN, and Scr; Secondary indicators
were: fasting blood glucose (FBG), 2-h post-load plasma glucose
(2hPG), hemoglobin Alc (HbAlc) (33), total cholesterol (TC), and
Triglycerides (TG) (34). Safety evaluation index: adverse events.

The study type was limited to RCT. Studies that were excluded
were those that contained basic research only, were duplicate
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publications, and studies in which the main outcomes were not
included or the detailed full-text data for statistical analysis was
not accessible.

2.3 Literature screening

Two researchers first screened the literature independently by
reading the title, abstract, and keywords to exclude any literature
that did not meet the inclusion criteria. Afterward, they carefully
examined all articles and selected only those that met the inclusion
criteria for meta-analysis. Lastly, data extraction and cross-checks
were performed to ensure the accuracy and completeness of the
data. Where there was any disagreement, the team’s third party
assisted in deciding whether to include the study or not. The
following information was extracted (1): basic study details,
namely the study title, first author, journal, and publication date
(2); baseline characteristics of the study subjects, such as the sample
size, age, gender, and disease stage (3); specific intervention details,
including duration (4); key elements of the risk of bias assessment;
and (5) outcome indicators, such as UAER and Scr.

2.4 Risk of bias and grade of evidence

The risk of bias of included studies was independently evaluated
and cross-checked by two researchers according to the Cochrane
Handbook’s risk of bias assessment tool for RCTs (35). In the case
of any disagreements, they were resolved through discussions or
consultations with a third party. The Grading of Recommendation,
Assessment, Development, and Evaluation (GRADE) scale was used
to assess the certainty of these studies (https://gdt.gradepro.org).

2.5 Statistical analysis

The meta-analysis was performed using RevMan5.4.1 software
and Stata IC 15.0. Binary data and continuous data were
respectively estimated with relative risk (RR) and mean
differences (MD), with 95% confidence intervals (CI). The I? test
assessed the heterogeneity of the data. The random-effects model is
preferred based on the study population, purpose, assumptions and
the characteristics of the model (36). When conducting a meta-
analysis with less than five studies, a fixed-effect model should be
considered instead, as accurately estimating between-study variance
or heterogeneity parameters becomes difficult. For heterogeneity
sources and the potential relationship between grouping criteria
and outcomes, subgroup analyses (37) were separately performed
based on the following criteria: the duration of treatment, stage of
disease, levels of blood glucose control (HbAlc after treatment),
baseline blood glucose levels (pre-treatment FBG) and whether the
study provided a specific dose of TCM composition. Additionally,
we used Sensitivity analysis to assess the robustness of the results.
When ten or more studies were available for comparison, funnel
plots, Egger’s test, and the trim-and-fill method were used to detect
publication bias. Post hoc, we conducted three extra subgroup
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analyses based on the provision of dose, the difference in
diagnostic criteria referred to by each study, and the level of the
risk of bias.

3 Results

Initially, we obtained 2,660 relevant articles in the preliminary
review of each database. After cascade screening (Figure 1), 23
RCT's were selected (38-60).

3.1 Characteristics of studies

A total of 1,682 DKD patients participated in the 23 selected
studies, in which basic information, namely age, gender, stage of
disease, and treatment duration of the enrolled patients were
documented. Exceptions were one study that did not report age
(60) and one in which gender was not reported (56), as well as three
studies in which the course was not specified (52, 58, 60) and one
study in which treatment duration was not reported (52).

Disease stage was reported in all but two of 23 the studies (52,
58). Of the 21 studies in which disease stage was given, all but one
referred to Mogensen’s stages of DKD. In one study (45) a
combination of the CKD stages (G1-G3a) and albuminuria stages
(A2-3) was adopted, as recommended by the KDIGO guidelines
(61). In two of the studies (55, 56) post-intervention follow-up was
carried out, and in another study (56) the post-treatment recurrence
rates were reported.

The majority of studies provided specific daily doses of the four-
flavor composition of Shengjiang powder, while 5 studies (40, 42,
43, 47, 53) did not mention the doses and one study (49) gave the
range of doses. The descriptive statistics analysis results showed that
the dose fluctuation from small to large was Curcuma longa
(rhizome), Rheum officinale(root and rhizome), Stiff silkworm,
and Cicada slough. The average drug use and dosage range of
each component are shown in the Supplementary Table 2. In terms
of diagnostic criteria, one study adopted the diagnostic criteria of
KDOQI (62), one was diagnosed according to CSN2021 (16) (refers
to KDIGO2020 (61)), and five referred to CDS2014 (30) (refers to
ADA2014 (63)). The remaining studies directly used Mogensen’s
diagnostic criteria for DKD.

The basic information of the included studies is shown in
Table 1, and the composition and the specific daily dose of TCM
in each intervention is shown in Supplementary Table 3.

3.2 Risk of bias assessment

In terms of randomization methods domain, inappropriate
methods were utilized in four of the studies (48, 50, 53, 58),
resulting in high risk bias; in another seven studies (42-44, 49,
52, 59, 60), the risk of bias is also a concern, given that specific
methods of randomization were not described. In more than half
(12 of 23) of the studies, the random number table method was used
and in one study (54) the coin toss method was used. None of the
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FIGURE 1
PRISMA flow chart of the systematic review and meta-analysis. Flow chart depicting the number of studies included at each stage of the selection
process. RCT, randomized controlled trial.

TABLE 1 Characteristics of included studies.

Gender
Course Stage
Agelyear)  (male, i i
- female) (year) (Mogensen) | Intervention Comparison Duration = Outcomes CD:;Z:;)S“C
E/C E/C E/C E/C
Ma Benazepril
04 o0 0t ?'178 82;3’ o 2449y TCM + CT Hydrochloride | 12 weeks A
(44) o > - Tablets + CT
Zhao 9.54 + 1.75/
2022 40/40 446 +3.2/ (23.17)/ 9.61 TI/11T TCM + CT CT 4 weeks B
453 + 3.7 (24,16)
(55) 1.84(DM)
11.50 + 1.56/
Cheng 64.18 = (18.22)/ (111)13[3)1 1.80
2022 40/40 6.09/62.00 (21’19) 3.10 + 0.96/ v TCM + CT CT 12weeks B
(38) +7.42 330 +
1.09(DKD)
Zhang-2 57.88 £
2022 4645 edsssay | oM 138312y, TCM + CT cr Sweeks B
(54) +6.05 (24,21) 13.49 + 1.54

(Continued)
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TABLE 1 Continued

Gender
Course Stage
Agelyear) = (male, i i
Studies o female) (year) (Mogensen)  Intervention Comparison Duration | Outcomes CD:;E::;)SHC
E/C E/C E/C E/C
Cao 60.06 + (20,10)/ 14.30 + 6.98/
2022 30/30 9.03/57.53 (15’15) 16.17 + NR TCM + CT CT 12weeks C
(45) + 8.64 ? 6.01(DM)
13.18 £ 3.27/
13.31 £ 3.15
4
Luo 64.21 + 20,18)/ (DM)
2021 38/39 6.01/62.21 @1,18) 5.92 + 0.88/ 111 TCM + CT CT 8weeks B
(51) +6.60 ’ voss
1.05(DKD)
Kong 5212 +
2020 41/43 0.55/54.81 8;’;?;/ ;(;§2+i3?;?;3/ 111 TCM + CT CT 2months B
(46) +10.68 ’ e
Zhuang-
522 + 7.4/ (19,17)/ 6.5+ 1.2/6.4
0060,
(23@()]20 36/36 526+ 76 16,20) + 1.3(DKD) v TCM + CT CT 8weeks (00606 D
Zhuang- TCM + Benazepril/
+ +
12017 20/20 gg ; 23/ 8?’;?)/ Z;? ; igé/ v Tripterygium Telmisartan 8weeks D
(42) o ? o Glycosides + CT | + CT
Jiao 54.31 +
2017 48/48 14.57/55.47 (35.13)/ 8122731/ /v TCM + CT Benazepril + CT  3months D
(32,16) 8.41 £+ 7.02
(47) +13.91
Zhang-1
+ +
016 aga0  OAET QA8 B2x4SBL TCM + CT cT 24weeks D
55.6 £ 8.9 (22,18) +52
(41)
Zheng 47.93 + .
2016 30/30 | 15.19/48.33 82’3;/ NR NR TCM + CT E“él;‘l’“l maleate - onth D
(58) + 1523 ?
Bian 57.97 +
16,14 .50 + 2.
2015 30/30 9.79/58.30 (16,14)/ 7:50 731 II/IV TCM + CT CT 2months 0R® D
(14,16) 7.97 +2.59
(40) +9.46
Guo 5240 +
.8+ 1.7/7.
2015 30/30 9.05/51.77 g;’;;/ f_sl 5 17/7.1 111 TCM + CT CT 8weeks @G D
(53) +9.40 ’ =
Chen
56.8 + 2.4/ (14,16)/ 7.4 +3.1/84
000060
5291)4 30/30 562+ 17 (17,13) + 2.6(DM) v TCM + CT CT 12weeks (066060 D
Zhou 57.47 +
4
2014 30/30 9.733/57.57 (16,14)/ 7:23 £2473/ II/1V TCM + CT CT 12weeks D
(15,15) 7.40 £ 2.811
(43) +9.846
Gao Benazepril
3+ 4. .66 + 0.
2013 49/49 :Zi N ;;/ NR ::g N g gil 11 TCM + CT Hydrochloride 4weeks @ D
(56) T o Tablets + CT
Liu
2012 qopgg | 0ESZSL Q0200 182082y, TCM + CT cr dwecks | @O® D
+6.3 (20,20) +0.5
(57)
Tang
52.3 + 4.6/ (20,18)/ 10.3 + 6.3/
060
2011 38/38 502 + 6.8 @1,17) 112 +54 v TCM + CT CT 4weeks D
(59)
;(1)12 1 30 | OLBESTL L (ALG) 9.6+ 44/ 11 TCM + CT cr Bweeks D
514 +78 (16,14) 10.8 + 4.3
(48)
Li-3
2011 49/41 NR (54,35) NR 1/1Iv TCM + CT Benazepril + CT 12weeks D
(60)

(Continued)
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TABLE 1 Continued

Gender
Course Stage
Agelyear) = (male, . _ . Diagnostic
Studies female) (year) (Mogensen) | |ntervention Comparison Duration = Outcomes criteria
E/C E/C E/C E/C
Ji 57.83 =
14,1 130 + 1.
2009 3030 9.68/57.10 E " 12/ zig o 2(3)/ v TCM + CT cr Bweeks D
(50) +9.13 ? e
Li-l (23,19)/
2008 42/34 49.7/48.6 (18’16) NR NR TCM + CT CT NR D
(52) ’

Data are mean + SD unless otherwise indicated. @ Clinical efficacy; @ 24-h urinary protein; ® UAER; @ mALB; ® BUN; ® Scr; @ Blood glucose index (FBG, 2hPG, and HbAlc); ® Blood lipid
index (TC and TG); © Safety indicators and adverse events. A: KDOQI Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes and Chronic Kidney Disease; B: Chinese
Expert Consensus on the Prevention and Treatment of DKD (2014 Edition); C: Chinese Guideline on the Prevention and Treatment of DKD (2021 Edition); D: Mogensen. E, Experimental
group; C, Control group; NR, Not reported; DM, Diabetes mellitus; DKD, Diabetic kidney disease; TCM, Traditional Chinese medicine; CT, Conventional therapy; UAER, Urinary Albumin
Excretion Rate; mALB, Microalbuminuria; BUN, Blood Urea Nitrogen; Scr, Serum Creatinine; FBG, Fasting Blood Glucose; 2hPG, 2-h post-load Plasma Glucose; HbAlc, Hemoglobin Alc; TC,

Total Cholesterol; TG, Triglycerides.

studies reported blinding or distributive hiding. In terms of the
third domain, four studies (40, 45, 46, 51) reported dropped or
excluded cases. No selectivity in reporting results or other bias was
found in the included studies (Figure 2).

3.3 Meta-analysis results of
primary outcomes

3.3.1 Clinical efficacy

In the majority (18 of 24) of the selected studies (Figure 3),
representing 1,331 patients in total, clinical efficacy was reported.
Meta-analysis within the random-effects model demonstrated that
clinical efficacy was higher in the experimental group than in the
control group [RR =1.27, 95% CI (1.19,1.35), P < 0.001].

3.3.2 24-h urinary protein

In 14 of the studies (Figure 4A), representing a total of 997
patients, the level of 24-h urinary protein before and after
intervention was reported. Meta-analysis within the random-
effects model demonstrated that the interventions could effectively
reduce the level of 24-h urinary protein [MD = -0.22, 95% CI
(-0.27,-0.17), P < 0.001]. Subgroup analysis was conducted
according to duration, stage, blood glucose control levels, and
baseline blood glucose levels, and the results revealed that
heterogeneity among subgroups still existed. Measures of baseline
blood glucose levels and duration indicated that the difference
between subgroups’ MDs was not statistically significant
(Supplementary Figure 1, Supplementary Table 4). The beneficial
effect of Shengjiang powder combined with CT groups was greater
in DKD stage IV patients than in patients with stage II/III disease
and was more pronounced in cases with stricter blood glucose
control than in looser ones (Figures 4B, C).

3.3.3 UAER

In seven of the studies (Figure 5A), representing 510 patients,
UAER levels were measured. Meta-analysis within the random-
effects model demonstrated that the interventions effectively
reduced UAER compared with the corresponding values in the

Frontiers in Endocrinology

07

control group [MD = -40.26, 95% CI (-52.88,-27.64), P < 0.001].
Subgroup analysis based on duration revealed that heterogeneity
among subgroups decreased. We speculated that the source of
heterogeneity is the duration of the interventions. UAER levels
were reduced to a greater extent in patients undergoing treatment
for less than two months, compared with the corresponding values
in cases of longer duration of treatment (Figure 5B).

3.3.4 mALB

In six of the studies (Figure 6), representing 413 patients, mALB
levels were reported. Meta-analysis within the random-effects
model demonstrated that the intervention effectively reduced
mALB [MD = -15.23, 95% CI (-25.17,-5.29), P < 0.01].

3.3.5 BUN

In 13 of the studies (Figure 7A), which together represent 1,018
patients, BUN values were reported. Meta-analysis within the
random-effects model showed that, compared with CT alone, the
combination of Shengjiang powder with CT resulted in lower BUN
values [MD = -1.09, 95% CI (-1.64,-0.54), P < 0.001]. Subgroup
analysis results revealed that heterogeneity among subgroups did not
decrease, and there was no statistical difference between the MDs of
duration subgroups (Supplementary Figure 1, Supplementary
Table 4). As well, there was no statistical difference in BUN values
between the stage III/IV group and lower-baseline blood glucose
group (FBG < 11.1 mmol/L) (Figures 7B, C).

3.3.6 Scr

In 12 of the studies (Figure 8A), which together represent 938
patients, Scr values were reported. Meta-analysis within the random-
effects model showed that, compared with using CT, the combination
of Shengjiang powder with CT resulted in lower Scr values [MD =
-9.87, 95% CI (-13.48,-6.27), P <0.001]. Subgroup analysis results
revealed that heterogeneity among subgroups did not decrease, and
there was no statistical difference between the MDs of duration
subgroups (Supplementary Figure 1, Supplementary Table 4). In
the case of stage II/II patients and those with lower or higher baseline
glucose levels, there was no statistically significant difference between
the control group and the experimental groups (Figures 8B, C). In
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FIGURE 4
Forest plots illustrating the mean differences of 24-h urinary protein (A) overall effect, (B) subgroups according to stages, and (C) subgroups
according to blood glucose control levels, with a random effects model

addition, we conducted an extra subgroup analysis based on the 3.4 Meta_ana[ysis of Secondary outcomes
baseline Scr levels, and the results indicated that the efficacy of

treatment in the group with more severe kidney impairment (Scr >  3.4.1 FBG
133umol/L) was better than in the group with lighter impairment In 14 of the studies (Figure 9A), which together represent
(Ser < 133umol/L) (Figure 8D). 992 patients, FBG values were reported. Meta-analysis within
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Forest plots illustrating the mean differences of UAER (A) overall effect, and (B) subgroups according to durations, with a random effects model.

the random-effects model indicated that the combination of
TCM (including Shengjiang powder) and CT was more
efficacious than was CT alone in decreasing FBG [MD = -0.78,
95% CI (-1.09,-0.48), P < 0.001]. Subgroup analysis results revealed
that heterogeneity among subgroups was still significant. No
significant difference existed among the varied duration and in
the group stage IV (Figure 9B, Supplementary Figure I,
Supplementary Table 4).

3.4.2 2hPG

In the case of seven of the studies (Figure 10A), representing
459 patients, the meta-analysis within the random-effects model
indicated that the combination of TCM and CT was more
efficacious than was CT alone in decreasing 2hPG [MD = -1.25,
95% CI (-2.10,-0.40), P < 0.01]. No source of heterogeneity was
found through subgroup analysis. There was no statistical difference
associated with the results between the experimental and control
groups in stage IV and in the results obtained from treatment
duration more than three months (Figures 10B, C).
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FIGURE 6

Forest plot of mALB with a random effects model.
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3.4.3 HbAlc

In 12 of the studies (Figure 11A), which together represent 819
patients, HbAlc values were reported. Meta-analysis within the
random-effects model showed that the combination of TCM and
CT was more effective in lowering HbA1c than was CT alone [MD
-0.48, 95% CI (-0.69,-0.26), P < 0.001]. No source of heterogeneity
was found through subgroup analysis. In stage III/IV subgroups and

in the cases of treatment lasting more than three months, the
difference between experimental and control groups was not
statistically significant (Figures 11B, C).

344TC

In seven of the studies (Figure 12), included data on 513
patients, TC levels were measured. The results of the random-
effects model suggest that the combined intervention was more
effective than CT alone in terms of lowering TC [MD = -0.74, 95%
CI (-0.88,-0.61), P < 0.001]. Differences in MD values among the
subgroups were not statistically significant (Supplementary
Figure 2, Supplementary Table 4).
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3.4.6 Adverse events
Adverse effects were documented in 13 of the studies

In six of the studies (Figure 13A), representing 429 patients, TG

values were reported. The results of random-effects modelling
suggest that the combined interventions were more effective than
CT alone in lowering TG [MD = -0.54, 95% CI (-0.82,-0.25), P <
0.05]. No source of heterogeneity was found through subgroup
analysis. Differences in MD values between subgroups based on
treatment duration or baseline blood glucose levels were not
statistically significant (Supplementary Figure 2, Supplementary
Table 4), as was also the case in the varied stages and in the
group with blood glucose levels strictly controlled (Figures 13B, C).
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(Figure 14). In four of these studies (38, 42, 49, 58) adverse
events occurred, totally 10 individual cases. In the experimental
group, the six cases of adverse effects were: three cases of nausea,
two cases of mild diarrhea or abdominal discomfort, and two cases
of mildly elevated aminotransferase. In the control group, the four
cases of adverse effects were: one case of nausea, one case of
dizziness, one case of dry coughing, one case of hypoglycemia. No
adverse events were reported in the other nine studies. There was no
statistically significant difference between adverse events rates in the
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experimental vs. the control groups [RR = 1.41, 95% CI (0.42,4.67),
P = 0.58]. In one of the studies (56) the authors reported recurrence
during follow-up, including 98 cases; and the recurrence rate in the
experimental group (4.08%) was lower than that of the control
group (18.37%).

Frontiers in Endocrinology 12

3.5 Sensitivity analysis

Sensitivity analyses were performed by excluding each study
from the included literature. With respect to the mALB results (P <
0.001; 12 = 82%), no heterogeneity was discovered (P = 0.41; I’=0%)
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Forest plots illustrating the mean differences of FBG (A) overall effect, and (B) subgroups according to stages, with a random effects model.

after excluding one study (59) [MD = -16.63, 95% CI (-20.33,-
12.94), P < 0.001]. In the case of TG (P < 0.001; I*=90%),
heterogeneity was reduced (P = 0.17; I’=38%) once a particular
study (50) was excluded [MD = -0.39, 95% CI (-0.51,-0.27), P <
0.001]. No obvious directional change occurred with respect to the
other indicators, confirming that the results of our analysis were
relatively robust.

3.6 Other analyses

3.6.1 Publication bias assessment

Funnel plots were drawn for the following measures: clinical
efficacy, 24-h urinary protein, BUN, Scr, FBG, and HbAlc. Partial
asymmetry existed between the two sides of the funnel plots
(Supplementary Figure 3), indicating that there may be
publication bias and small sample effects (64). By applying
Egger’s test, we detected possible publication bias with respect to
clinical efficacy, 24-h urinary protein, BUN, and Scr (P < 0.05)
(Supplementary Figure 4, Supplementary Table 5). The trim-and-
fill method was applied to the effect size of these three indicators
(Supplementary Figure 5, Supplementary Table 6), and the results
confirmed that publication bias had no significant effect on these
outcomes; thus the output of our analysis can be considered stable.
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Statistical significance with respect to clinical efficacy was apparent
both before and after trimming and filling. As for 24-h urinary
protein, BUN, and Scr, these parameters were not filled after
linear iteration.

3.6.2 GRADE

By evaluating the twelve outcomes with GRADEpro GPT, we
found that UAER, mALB, BUN, Scr, 2hPG, HbA1c, TC, and TG were
assessed as moderate due to the unclear risk of the studies. Clinical
efficacy, 24-h urinary protein, BUN, Scr, and adverse events were
ranked low due to inappropriate or unclear randomization, the
presence of publication bias, or inaccuracy (Supplementary Table 7).

3.6.3 Post hoc analysis

Subgroup analyses based on whether specific doses were
mentioned, the differences in specific diagnostic criteria (Table 1),
and the risk of bias of the studies, showed that none of them were
the source of heterogeneity (Supplementary Figures 6-8,
Supplementary Table 4). In the high-risk subgroups of 24-h
urinary protein, mALB, FBG, and TG, and the other risk
subgroup of 2hPG there was no statistical difference between the
control group and the experimental group (Supplementary Figure 8,
Supplementary Table 4).
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with a random effects model.

4 Discussion

The results of our analysis of the relevant literature serve as
evidence of the effectiveness of Shengjiang powder as a treatment of
DKD, as indicated by the alleviation of key indicators of the disease:
24-h urinary protein and the degree of kidney damage. Moreover,
the use of Shengjiang powder offers the additional benefit of
supplementing the effects of oral hypoglycemic medications and
insulin to control short-term blood glucose fluctuations and
stabilize long-term blood glucose levels. Alongside CT, Shengjiang
powder also has the potential to regulate blood lipid levels. The
GRADE analysis demonstrated that the quality of the 12 disease
indicators analyzed in this study varies from moderate to low.

Through subgroup analysis we uncovered additional important
correlations. The beneficial effects of combined treatment—as
reflected in lower levels of UAER, 2hPG, and HbA1lc—were more
pronounced in cases of shorter treatment duration. This finding is
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consistent with the principles of TCM, which advocate
individualized medication adjustment and modification of the
prescription based on improvements. Therefore, real-time
evaluation is crucial during combined treatment to attain optimal
clinical efficacy.

Shengjiang powder was found to be more effective in stage IV
patients than in patients at earlier stages, based on the post-
treatment levels of 24-h urinary protein, Scr, and 2hPG reported
in the studies. However, the reverse was true for FBG values, which
were lowered to greater effect in in stage II/III cases. To delve deeper
into the relationship between the effectiveness of Shengjiang powder
and disease severity, we conducted an additional subgroup analysis
performed on baseline Scr levels. The finding showed that treatment
that included Shengjiang powder apparently reduced Scr levels,
particularly in patients with severe kidney impairment (higher
baseline Scr), suggesting an underlying correlation between the
benefits of Shengjiang powder for DKD patients and the degree of
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theory of “microscopic blockage and mass” (65), it is hypothesized

that the effect of Shengjiang powder may involve the prominent
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, (B) subgroups according to durations, and (C) subgroups according to

presence of blood stasis factors and an expanded range of
glomerulosclerosis in the latter stages of DKD.

Considering the potential relationship between blood glucose

levels, the progression of DKD, and metabolic disturbances,
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subgroup analyses involving urinary protein, kidney function, and
lipid indicators based on post-treatment HbAlc levels and baseline
FBG levels were performed. The results suggested that stricter blood
glucose control enhanced the effectiveness of Shengjiang powder in
decreasing 24-h urinary protein excretion. In contrast, under more
lax control of blood glucose control, the lipid-regulating effects of
Shengjiang powder became apparent. In patients with higher
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Forest plots illustrating the mean differences of TG (A) overall effect, (B) subgroups according to stages, and (C) subgroups according to blood

glucose control levels, with a random effects model.
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Forest plot of adverse events with a random effects model.

urinary albumin excretion rate being a pivotal aspect in preventing
and delaying the progression of DKD (66). The United Kingdom
Prospective Diabetes Study (UKPDS) highlighted that while
patients with substantial urinary protein are relatively scarce,
those with pronounced urinary protein face a mortality rate
surpassing the progression rates of other kidney diseases (15).
Given the current treatment limitations, inadequate control of
urinary protein among DKD patients will likely lead to the
majority of these cases progressing to ESRD within a short
period. The patients treated in the studies we investigated
predominantly fell within stage III (characterized by sustained
mALB) and stage IV (marked by clinically evident urinary
protein), encompassing the critical phases for reversing kidney
damage. Meta-analysis results confirm that Shengjiang powder
can reduce 24-h urinary protein, UAER, and mALB in stage III/
IV DKD patients. In TCM, falling within the realm of “essence”,
protein is regarded as the lucid yang that nourishes the organs. The
body’s recovery of dispersing essence can be aided by raising the
lucid yang with the help of stiff silkworm and cicada slough,
aligning with fundamental research results (67-69).

Three large studies have illustrated that achieving blood
glucose control targets can reverse substantial urinary protein in
DKD patients (15, 70, 71), affirming that maintaining appropriate
blood glucose levels and stringent blood glucose regulation can
efficiently delay the progression of DKD. Our analysis of studies in
which the focus has been on FBG, 2hPG, and HbAlc, in
conjunction with the benefits of Shengjiang powder on BUN
and Scr levels, shows that this herbal formula can play an
adjuvant role for DKD to anti-hyperglycemia and stabilize blood
glucose fluctuations.

Lipid abnormalities represent a significant factor in the
progression of chronic kidney disease (72), with a particular
emphasis on DM, which not only signifies a keynote metabolic
disturbance but also serves as a critical risk factor for diabetic
panvascular diseases. A key principle of TCM is that high lipid
levels impair the flow of Qi movement, disrupting the normal
diftusion of food and drink. Eventually, this dysfunction contributes
to the deposition of fat (73), which congests vessel. This stagnation
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results in the accumulation of heat over time, which stresses or
“burns” the blood vessel, leading to stasis throughout the body, as is
manifest in DKD patients with hyperlipidemia and associated
complications. Shengjiang powder is used to delay the
development of the disease by purging the heat of collaterals (74);
in other words, making possible the phenomenon of ascending
clarity and descending turbidity, which, in conventional medical
terms is described as the regulation of lipid metabolism. High TG
levels in DM are a marker of insulin resistance (75). In our analysis
of the relevant literature, the experimental groups tended to showed
a more favorable outcome in terms of reducing TC and TG,
suggesting a potential therapeutic effect for Shengjiang powder in
ameliorating insulin resistance and averting the onset of
cardiovascular diseases in patients with DKD.

We should point out that there were some limitations in our
study. 1) The included studies were all Chinese studies; i.e., patients
from other countries were not included. 2) Publication bias was
suspected upon examination of the data, and the patient cohorts
were generally small. Although trim-and-fill methods indicate
minimal impacts of publication bias on the results, there may still
be potential small-sample effects affecting the quality of the
outcomes reported in these studies. 3) Randomization was
inappropriate or not described in several studies, and blinding or
allocation concealment was inadequately addressed in the majority
of the papers, posing a certain risk of bias. 4) Most of the studies in
our data set showed significant heterogeneity, which may stem from
inconsistencies in baseline blood glucose levels, durations, stages, or
interventions. Though we sought to probe the potential sources of
heterogeneity, the inherent variances in study characteristics and
definitions may hinder a comprehensive elucidation of all sources of
heterogeneity. 5) Variability exists in the durations of the included
studies, with not all studies reporting adverse event occurrences.
Moreover, only two studies included a follow-up protocol; thus, the
long-term prognosis of Shengjiang powder for DKD patients
uncertain. The safety of this type of treatment requires further
study before it can be confirmed. 7) Due to the intricate nature of
TCM, it was impractical to launch an further analysis beyond the
components of Shengjiang powder in the interventions.
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5 Conclusion

Considering the results of our comprehensive analysis of the
relevant literature, we can tentatively conclude that Shengjiang
powder has the potential to supplement CT as an effective
treatment delivering benefits for patients diagnosed with DKD.
Specifically, Shengjiang powder, when combined with CT,
appears to reduce the level of urinary protein, stabilize kidney
function, and improve blood glucose and lipid metabolism.
Considering the significant heterogeneity among studies and the
limitation of the quality of the published studies, the conclusions we
present here need to be further verified by more studies with larger
samples (especially multi-center samples) and generally high-
quality data.
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