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Abstract

Background: This systematic review and meta-analysis aimed to explore the effectiveness of acupuncture for
patients with diabetic nephropathy (DN).

Methods: Nine online databases were searched: China National Knowledge Infrastructure, China Science and
Technology Journal Database, Wanfang Data Knowledge Service Platform, Chinese BioMedical Literature
Database, China Clinical Trial Centre, Embase, PubMed, the Cochrane Library, and Web of Science. The
search period was from the establishment of the database to 1 September 2023. The quality of the literature
was evaluated using the Cochrane Risk of Bias Assessment Tool, and the data were analyzed using
STATA/MP17 and Review Manager 5.3 software.

Results: A total of 221 articles were identified, and 13 studies were included. The total sample size was 899,
including 452 and 447 cases in the experimental and control groups, respectively. The meta-analysis showed
that acupuncture combined with modern medical treatment was effective in improving urinary albumin excre-
tion rate, 24 h urinary microalbumin, serum creatinine, blood urea nitrogen, fasting plasma glucose, 2 h post-
prandial plasma glucose, total cholesterol, high-density lipoprotein cholesterol, hypersensitive C-reactive pro-
tein, and interleukin-6 in patients with DN. Adverse events were reported in only one trial; therefore, this re-
view cannot yet conclude on the safety of acupuncture intervention in DN.

Conclusion: The clinical efficacy of acupuncture combined with modern medicine in DN is superior to that
of modern medicine alone. To better evaluate the efficacy and safety of acupuncture intervention for DN,
more rigorously designed large-sample, multicentre, randomized controlled trials are needed to provide evi-
dence supportt in the future.
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Introduction
Diabetic nephropathy (DN) is kidney damage and has become the leading cause of chronic kid-
caused by long-term high blood glucose levels ney disease (1). Clinically, DN is characterized by
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persistent albuminuria and/or progressive decline
in estimated glomerular filtration rate (eGFR). In
China, the total number of patients with diabetes
mellitus (DM) has reached 140.9 million, and the
prevalence of DN in DM is approximately 10-
40% (2). In the early stage of DN, patients only
have enlarged kidneys and hemodynamic changes
without obvious clinical symptoms. The disease
progresses slowly, and the renal lesions are re-
versible. When the urine protein is positive sev-
eral times, the disease has progressed to the clini-
cal proteinuria stage (3). At this point, the kidney
changes are irreversible, the kidney function pro-
gressively deteriorates, and the disease will pro-
gress to end-stage renal disease within a few
years. Currently, modern medicine is mainly used
to control and slow down the progression of the
disease, but the treatment effect is not satisfacto-
ry. Therefore, early diagnosis and treatment of
DN are of great clinical importance.

Over the past 20 years, many studies have been
reported on the treatment of DN with acupunc-
ture. Acupuncture, as an inseparable part of Tra-
ditional Chinese Medicine (TCM), is good at un-
blocking meridians and collaterals to facilitate the
flow of gi and blood to achieve the harmoniza-
tion of yin and yang. Acupuncture is one of the
most important means of non-pharmacological
treatments (4, 5). A recent clinical trial found that
acupuncture combined with Chinese herbal med-
icine therapy was effective in lowering blood glu-
cose levels and improving renal function in pa-
tients with early-stage DN (6). Acupuncture for
12 weeks significantly reduced creatinine levels
and increased eGFR levels in patients with
chronic kidney disease (7). Acupuncture can be
used not only as an adjunctive therapy to increase
the efficacy of the DN treatment, but also to re-
solve and alleviate the underlying causes of the
clinical symptoms (8, 9). However, there are no
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relevant clinical trials with large samples or sys-
tematic evaluations to analyze its efficacy.

To further confirm the efficacy and safety of ac-
upuncture in the treatment of DN, we aimed to
analyze the efficacy and safety of acupuncture-
assisted treatment of DN through meta-analysis
and systematic evaluation, to provide more relia-
ble evidence for the clinical application of acu-
puncture.

Methods

The 2009 Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement criteria
were adhered to, as well as the procedures out-
lined in the Cochrane Handbook for Systematic
Reviews of Interventions (version 6.3) (10, 11).
The review methodology was initially registered
with PROSPERO under the CRD42023465173.

Search strategy

China National Knowledge Internet (CNKI),
China Science and Technology Journal Database
(VIP), Wanfang Data Knowledge Service Plat-
form (WANGFANG), Chinese BioMedicine Lit-
erature Database (CBM), China Clinical Trial
Registration Centre (ChiTRC), Embase, PubMed,
Cochrane books, and Web of Science were the
databases searched by the two researchers. The
time frame of the search was from the creation of
the databases to 1 September 2023, when the da-
tabases were created. The search was conducted
with a combination of subject terms and free
words. The search terms mainly included (diabet-
ic nephropathies OR diabetic nephropathy OR
diabetic kidney disease) AND (acupuncture OR
acupoint OR acupuncture points) AND random-
ised controlled trial OR controlled clinical trial).
The language of the literature was Chinese or
English. The search formula is shown in Table 1.
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Table 1: Search formula in PubMed

Search Query

#1 Diabetic Nephropathies [Mesh]

#2 Diabetic Nephropathies [Title/ Abstract] OR Diabetic Nephropathy [Title/Abstract] OR
Diabetic Kidney Disease [Title/ Abstract] OR Diabetic Kidney Diseases [Title/ Abstract]

OR Kidney Disease, Diabetic [Title/ Abstract] OR Kidney Diseases, Diabetic [Ti-
tle/ Abstract] OR Nephropathies, Diabetic [Title/ Abstract] OR Nephropathy, Diabetic
[Title/ Abstract] OR Diabetic Glomeruloscletrosis [Title/ Abstract] OR Glomerulosclero-
sis, Diabetic [Title/ Abstract]

#3 #1 OR #2

H#4 Acupuncture [Mesh]

#5 Acupuncture [Title/Abstract] OR acupoint [Title/ Abstract] OR Warm needing [Ti-

tle/ Abstract] OR acupuncture point [Title/Abstract] OR acupuncture points [Ti-
tle/ Abstract]

#6 #4 OR #5

#7 Randomized controlled trial [Publication Type] OR controlled clinical trial [Publication
Type] OR randomized controlled trial [Title/ Abstract] OR controlled clinical trial [Ti-
tle/Abstract] OR randomized [Title/Abstract] OR Randomly [Title/Abstract] OR Ran-

dom acllocation [Title/ Abstract] OR Trial [Title/ Abstract] OR CCT [Title/ Abstract]
OR RCT [Title/ Abstract]
#8 #3 AND #6 AND #7

Literature Screening Criteria

Inclusion critetia: @Subjects: all subjects met the
diagnostic criteria for DN (12). (2)Intervention:
the control group was given modern medicine to
control blood glucose, blood pressure, blood li-
pids, etc. The experimental group was treated
with acupuncture based on the intervention pro-
gram of the control group. (3)Outcome indica-
tors: including at least one of the following: effec-
tive rate, urinary albumin excretion rate (UAER),
24 h urinary microalbumin (24 h UMA), serum
creatinine (SCR), blood urea nitrogen (BUN), and
blood B2-microglobulin (32-MG), wurine {2-
microglobulin (UB2-MG), fasting plasma glucose
(FPG), 2 h postprandial plasma glucose (2 h PG),
glycated hemoglobin (HbAlc), triglyceride (TG),
total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), hypersensitive C-reactive
protein  (hs-CRP) and interleukin-6  (IL-
6).(4)Study design: randomized controlled trial
(RCT).

Exclusion criteria:  (1)Animal experiments.
(2)Repetitive reporting of research. (3)In addi-
tion to acupuncture, other TCM external treat-
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ment methods were also used in the intervention
measures of the test group. (4)The subjects were
patients with other types of kidney disease, and
end-stage kidney disease who entered dialysis, as
well as those with cardiovascular disease and oth-
er medication effects on outcome indicators.
(5)The unpublished registered trial protocol and
its  research data cannot be obtained.
(6)Nonclinical RCT literature.

Data extraction

EndNote X9 software was used to manage the
retrieved literature. Two researchers inde-
pendently screened the literature for inclusion
and exclusion criteria, and any disagreements
were referred to the corresponding author for
adjudication. After deletion of duplicates, the lit-
erature was first screened by title and abstract to
exclude irrelevant literature. A re-screening was
then carried out by reading the full text to identi-
ty studies for inclusion in the analyses. An Excel
spreadsheet was created to extract the data. The
data collected included basic characteristics such
as first author, year of publication of the litera-
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ture, baseline status of each group (disease dura-
tion, number of cases, age, gender), intervention,
duration of treatment, outcome indicators (mean
and standard deviation), and reports of adverse
effects.

Literature quality assessment

Two researchers independently assessed the qual-
ity of the included studies using the Cochrane
Assessment of Risk of Bias tool, and disagree-
ments were referred to the corresponding author
for adjudication (13). The assessment included
seven major biases: (Dgeneration of randomized
sequences; (2)allocation concealment; (3)blinding
of experimenters and subjects; (4)blinding of
outcome assessors; @incomplete outcome data;
(&)sclective reporting; (Dother biases. RevMan
5.3 software was used to create the literature
quality assessment chart.

Statistics and analysis of data

STATA/MP 17.0 and Review Manager 5.4 soft-
ware were used for the meta-analysis of the col-
lected data (14). Dichotomous data were ex-
pressed as relative risk (RR) and 95% confidence
interval (CI). Continuous data were expressed as
mean difference (MD)/standardized mean differ-
ence (SMD) and 95% CI. Heterogeneity was de-
termined using I* and P values. When P>0.1 or
P<50%, a fixed-effects model was utilized; if
P<0.1 or I’>50%, a random-effects model was
employed (15). P<0.05 was regarded as a statisti-
cally significant difference. Subgroup analyses of
the primary outcome indicators (UAER, 24 h
UMA, SCR, and BUN) were performed based on
the duration of treatment. If more than 10 papers
were included for an outcome indicator, publica-
tion bias was assessed by drawing a funnel plot.
Sensitivity analyses based on a study-by-study
exclusion approach were performed to assess the
robustness of the combined meta-analysis results.

Available at:  http://ijph.tums.ac.ir

Finally, the overall quality of each outcome indi-
cator was evaluated using the GRADE system
(16). The GRADE system rates the quality of
evidence according to five factors: study limita-
tions, inconsistency, non-directness, imprecision,
and publication bias. RCT's are rated as high-level
evidence. If it is downgraded by one level to
moderate evidence, by two levels to low evi-
dence, and by three levels to very low evidence.

Results

Basic characteristics of the included studies

A total of 221 articles were searched in this study,
and 13 studies were screened according to the
inclusion and exclusion criteria. The detailed pro-
cess of literature screening is shown in Fig. 1.
The publication date of the included literature
was from 2006 to 2022, and all were published in
China. The total sample size was 899 cases, in-
cluding 452 cases in the treatment group and 447
cases in the control group. The treatment interval
ranged from 4 weeks to 3 months. All baseline
data were comparable between the groups in-
cluded in the study, as detailed in Table 2 (17-28).

Quality assessment of the included literature

Nine of the 13 included studies (17-19, 21-24, 20,
28) reported using the randomized number table
method to generate random sequences. In con-
trast, the remaining studies only mentioned ran-
domization and did not describe the specific pro-
cess of implementing randomization. None of
the trials reported concealment of the random
allocation scheme, nor did they mention blinding
of subjects, investigators, or outcome assessors.
None of the 13 trials had any dropouts, and all
reported on the prespecified outcome indicators.
None of the trials could be assessed for other
risks of bias. Detailed risk of bias assessments ate
shown in Figs. 2 and 3.
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(CBM=31, CNKI=47, VIP=6, WANFANG=72, PubMed=13, Embase=24, Cochrane=21,

Records identified through database searching (n=221)

Wos=7, ChiCTR=0)

| Records after duplicates removed (n=154)

v

| Records screened (n=154) I—'|

Records excluded (n=51)

A4

| Full-text articies assessed for eligibility (n=103) >

| Studies included in qualitative synthesis (n=13) |

Full-text articles exclude,with
reasons (n=90)
Participants did not meet the
inclusion criteria (n=65)
Research design does not
match (n=24)
Unable to extract data (n=1)

.-E :It::li}l,z?sl)n(c;li(il;(; in qualitative synthesis (meta-
£
Fig. 1: PRISMA flow diagram of study inclusion and exclusion
Table 2: Basic characteristics of the included studies
Study (au- Baseline SamPle Interventions Intervention Disease duration (year) Age (year) Gender
thor/year) size time (man/womon)
T C T C T C T C T C

Chen2006 (17)  Consistent 30 30 CT+AT CT 8 weeks 5-20 5-21 45-78 40-76 18/12  16/14
Chen2012 (18)  Consistent 30 30 CT+ATE CT 3 months 7.1%+1.4 69114 60.5%5.6 58.610.3 14/16  15/15
Chu2007 (19) Consistent 30 24 CT+AT CT 1 month 15.26+5.11 15.12%4.63  62.772829  62.29+7.18 14/16 10/14
Fan2011 (20) Consistent 25 28 CT+AT CT 6 weeks ucC ucC 62.59%10.12  61.36%9.80 13/15 11/14
Fei2012 (21) Consistent 30 30 CT+MN CT 4 weceks 8.75£0.42  8.42%0.58 57+3 58+4 19/11  15/15
Guo2015 (22)  Consistent 42 42 CT+EPA CT 12 weeks 7.313.5 6.914.1 48.514.2 47.9%4.6 22/20  23/19
Hu2021 (23) Consistent 30 30 CT+MMN  CT 4 weeks 12.13+2.79  11.48%2.31 58974695  60.03+4.07 14/16 12/18
Ji2004 (24) Consistent 60 60 CT+AT CT 1 month 2-12 2-13 52.81%16.76  53.10%7.34  34/26  31/29
Tang2022 (25)  Consistent 34 34 CT+WN CT 3 months 2.61+0.45  2.58+0.43  49.12+226  48.89+2.31  23/11 22/12
Wang2014 Consistent 31 31 CT+EAP CT 12 weeks 8.18+5.67  8.15+5.08  54.74%8.32  54.90+10.30 18/13 20/11
g?figZOl 3(27) Consistent 27 27 CT+AT CT 1 month 4-17 4-17 42-68 42-68 12/15  16/11
Yuan2020 (28) Consistent 51 51 CT+AP+MN CT 4 weeks 1.18%£0.53  1.32%0.61 4721104 46.5+9.7 31/20 29/22
Zhang2006 Consistent 32 30 CT+ATE CT 1 momth ucC ucC 33-64 40-66 15/17  14/16
29

CT: modern medicine, AT: acupuncture, ATE: acupoint threadembedding, MN: Moxibustion, EPA: Ear point appli-

cation, MMN: mild moxibustion, WN: Warm nedding, UC: unclear
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Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

0% 25% 50% 75%  100%

.Low risk of hias E]Unclearrisk ofhias .High risk of hias

Fig. 2: Bias in the inclusion of literature
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Fig. 3: Summary plot of bias in the inclusion of literature
Meta-analysis of Efficacy the assessment criteria. Four studies (17, 19, 25,

A total of 11 of the 13 included studies reported
on clinical efficacy. Efficacy was used as the out-
come indicator, but the assessment of efficacy
varied. Mostly, clinical symptoms, signs, renal
function, urine protein quantification, and urinary
microalbumin excretion rate were used as the
basis for assessment. One study (18) used the
“Diabetic Nephropathy Diagnosis, Diagnostic
Typing, and Efficacy Assessment Criteria (Trial)”
as the efficacy assessment criteria. Six studies (20-
23, 26, 27) used the “Guidelines for Clinical Re-
search of New Traditional Chinese Medicines” as
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29) used the clinical symptoms, signs, and labora-
tory indices as the assessment criteria. Cumula-
tively, there were 344 cases in the study group
and 339 cases in the control group. Based on the
heterogeneity test of Review Manager 5.3, the
heterogeneity of the results of each study was low
(P=0.79, I’=0%), so the analysis was conducted
using a fixed-effect model. The results showed
that the addition of acupuncture had significant
efficacy in patients with DN [RR=1.33, 95% C7
(1.22,1.45), P<0.001], which was statistically sig-
nificant. The results are shown in Fig. 4.
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Control Risk Ratio

Risk Ratio

Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chen 2006 25 30 21 30 95%  1.19[0.90,1.58) —
Chen 2012 23 30 19 30 86%  1.21[0.86,1.69] —
Chu 2007 28 30 16 30 7.2%  1.75[1.24,2.49)
Fan 2011 24 28 14 25 B7%  1.53[1.05 224 —_—
Fei 2012 27 30 18 30 81%  1.50[1.09,2.08] I —
Guo 2015 38 42 30 42 138%  1.27[(1.02,1.57] e
Hu 2021 28 30 23 30 104%  1.22[0.98,1.52) T
Tang 2022 32 34 26 34 117%  1.23[1.00,1.51] —
Wang 2014 26 3 18 31 81%  1.44[1.03,2.02) —_—
Yang 2013 25 27 19 27 8B6%  1.3201.01,1.72 "
Zhang 2006 20 32 16 30 75%  1.17[0.76,1.80]
Total (95% Cl) 344 339 100.0%  1.33[1.22, 1.45] <>
Total events 296 220
Heterogeneity: Chi*= 6.28, df= 10 (P = 0.79); IF= 0% n’s u=7 1=5 2

Test for overall effect: Z= 6.31 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 4: Forest plot for comparison between efficient groups

Meta-analysis of UAER

A total of 4 studies in the included literature (18,
21, 27, 28) included UAER as an outcome indica-
tor. The heterogeneity test suggested no hetero-
geneity among the studies (P=0.88, ’=0%), and
the effect sizes were combined using a fixed-

Experimental Control
Study or Subgrou Mean SD Total Mean SD_Total Weight
Chen 2012 79.27 4277 30 1129 4739 30 29%
Fei2012 135 21 30 165 21 30 13.3%
Yang 2013 335 11.54 27 B1.8 1411 27 31.8%
Yuan 2020 56.43 11.72 51 8817 1568 51 52.0%
Total (95% CI) 138 138 100.0%

Heterogeneity: Chi*= 0.68, df=3 (P =0.88); F=0%
Testfor overall effect: Z=15.41 (P < 0.00001)

Mean Difference

effects model. The results suggested that the trial
group was better than the control group in reduc-
ing UAER [MD=-30.47, 95% CI (-34.35, -26.59),
P<0.001], (Fig. 5). Subgroup analyses could not
be performed due to the limited number of trials.

Mean Difference

IV, Fixed, 95% CI IV. Fixed, 95% CI

-33.63[-56.47,-10.79)

-30.00 [-40.63,-19.37) —
-28.30[35.18,-21.42) -
-31.74 [37.11,-26.37) -
-30.47 [-34.35, -26.59] *
“100 -50 0 50 100

Favours [experimental] Favours [control]

Fig. 5: Forest plot of UAER intergroup comparisons

Meta-analysis of 24 h UMA

Four studies (17, 20, 22, 24) included 24 h UMA
as an outcome indicator. The heterogeneity test
suggested that Q-test P=0.26, ’=26%, less het-
erogeneity, so a fixed effect model was used for
the meta-analysis. The results showed that the

Experimental Control

Mean Difference

experimental group was superior to the control
group in reducing 24 h UMA [MD=-28.52, 95%
CI (-37.48, -19.56), P<0.001] (Fig. 6). Subgroup
analyses could not be performed due to the lim-
ited number of trials.

Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Chen 2006 60 30 30 92 36 30 286% -32.00[-48.77,-15.23] ——

Fan 2011 61.25 304 28 9204 3631 25 24.4% -30.79[-48.94 -12.64)] -

Guo 2015 4778 513 42 56.32 5017 42 171%  -8.54[-30.24,13.16) I

Ji 2004 3565 2371 60 70.37 6018 60 30.0% -34.72[51.09,-18.35] —

Total (95% CI) 160 157 100.0% -28.52[-37.48,-19.56] >

Heterogeneity: Chi*= 4.03, df= 3 (P = 0.26); F= 26% U e 5 50 200

Test for overall effect: Z=6.24 (P < 0.00001)
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Fig. 6: Forest plot of 24 h UMA intergroup comparisons
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Meta-analysis of SCR

A total of seven studies (17, 18, 20, 24, 25, 27,
28) used SCR as an outcome indicator. The het-
erogeneity among studies was statistically differ-
ent (P<0.00001, ’=92%), so effect sizes were
combined using a random-effects model. The
statistical results suggested that the treatment
group was superior to the control group in terms
of efficacy in reducing SCR [MD=-16.99, 95% CI

(-27.04, -6.93), P<0.001], as shown in Fig. 7.
Subgroup analysis based on the treatment dura-
tion did not reduce the heterogeneity between
studies, and the results of the subgroup analyses
are detailed in Table 3. In the 3-month subgroup,
the treatment group was significantly different
from the control group in reducing SCR. The
control group was not statistically different in
terms of SCR reduction.

Table 3: Subgroup analyses of key outcome indicators

Indicator Group Study number MD (95% CI) P 12 (%)
SCR 1 month 3 -25.00 (-45.26, -4.74) 0.02 96
6 weeks-2 months 2 -10.76 (-17.38, -4.15) 0.001 0
3 months 2 -9.99 (-34.15, 14.106) 0.42 94
BUN 1 month 2 -1.48 (-2.69, -0.26) 0.02 95
6 weeks-2 months 2 -1.79 (-4.39, 0.82) 0.18 96
3 months 2 -0.68 (-1.83, 0.47) 0.25 93
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean

SD_Total Weight IV, Random, 95% CI

IV, Random, 95% CI

1.2.1 1 months

Ji2004 7267 145 60 79.65 10.83 60 15.5%
Yang 2013 1223 126 27 1544 1227 27 15.0%
Yuan 2020 9595 2578 51 133.23 36.79 51 12.9%
Subtotal (95% CI) 138 138  43.5%

Heterogeneity: Tau®= 302.47; Chi*= 48.69, df= 2 (P < 0.00001); F= 96%
Testfor overall effect: Z=2.42 (P=0.02)

1.2.2 6 weeks-2 months

Chen 2006 68 10 30 77 19 30 147%
Fan 2011 89.37 2472 28 10517 23.49 25 127%
Subtotal (95% CI) 58 55 27.4%

Heterogeneity: Tau®= 0.00; Chi*=0.78, df=1 (P=0.38), F=0%
Test for overall effect: Z=3.19 (P = 0.001)

1.2.3 3 months

Chen 2012 83.77 2005 30 8132 138 30 14.3%
Tang 2022 114.45 1475 34 136.65 16.02 34 148%
Subtotal (95% CI) 64 64 29.1%

Heterogeneity: Tau®= 286.96, Chi*=18.03, df=1 (P < 0.0001); = 94%
Testfor overall effect: Z=0.81 (P =0.42)

Total (95% CI) 260
Heterogeneity: Tau®= 163.79; Chi*= 71.30, df= 6 (P < 0.00001); F= 92%
Test for overall effect: Z= 3.31 (P = 0.0009)

Test for subaroup differences: Chi*=1.74. df=2 (P=042. F=0%

-6.98 [-11.56,-2.40] -
-32.10[-38.73,-25.47]
-37.28 [-49.61,-24.95]

-25.00 [-45.26, -4.74]

-9.00 [-16.68,-1.32]
-15.80[-28.79,-2.81]
-10.76 [-17.38, -4.15]

-22.20[-29.52,-14.88]
-9.99 [-34.15, 14.16]

257 100.0% -16.99 [-27.04, -6.93]

e R—

2.45[-6.26,11.16]

—_—
—_—
—_——

e

-

-50 -25 0 25 50
Favours [experimental] Favours [control]

Fig. 7: Forest plot of SCR intergroup comparisons

Meta-analysis of BUN

A total of 6 studies (17, 18, 20, 24, 25, 28) includ-
ed BUN as an outcome index. The heterogeneity
between studies was statistically different
(P<0.001, ’=94%), and effect sizes were com-
bined using a random-effects model. The results
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showed that the treatment group was superior to
the control group in terms of efficacy in reducing
BUN [MD=-1.26, 95% CI (-1.99, -0.54),
P=0.0000], as detailed in Fig. 8. Subgroup anal-
yses based on the course of treatment did not
reduce the heterogeneity between studies. The
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results of the subgroup analyses are shown in
Table 3. In the 6-week to 2-month and 3-month
subgroups, there was no statistically significant

Experimental Control
Study or Subgroup Mean _ SD Total Mean

difference in BUN reduction between the treat-

ment and control groups.

Mean Difference
SD Total Weight IV, Random, 95% CI

Mean Difference

1.4.1 1 months

Ji 2004 6.04 157 60 6.89 0.37 60 17.3%
Yuan 2020 59 074 51 7.99 088 51 17.6%
Subtotal (95% CI) 111 111 34.9%
Heterogeneity: Tau®= 0.73; Chi*= 22.19, df=1 (P < 0.00001); F= 95%
Test for overall effect: Z=2.38 (P=0.02)

1.4.2 6 weeks-2 months

Chen 2006 6 05 30 6.5 1 30 17.3%
Fan 2011 469 1.73 28 7.85 196 25 135%
Subtotal (95% CI) 58 55 30.8%

Heterogeneity: Tau®= 3.39; Chi*= 23.41, df=1 (P < 0.00001); F= 96%
Test for overall effect: Z=1.35 (P=0.18)

1.4.3 3 months

Chen 2012 444 085 30 453 083 30 17.0%
Tang 2022 486 0.78 34 612 0893 34 17.3%
Subtotal (95% CI) 64 64 34.3%
Heterogeneity: Tau®= 0.64; Chi*=14.22, df=1 (P =0.0002); *= 93%
Test for overall effect Z=1.16 (P = 0.25)

Total (95% CI) 233 230 100.0%
Heterogeneity: Tau®= 0.75; Chi*= 83.20, df= 5 (P < 0.00001); F= 94%
Test for overall effect: Z= 3.42 (P = 0.0006)

Test for subaroun differences: Chi*=1.15. df=2 (P = 0.56). F=0%

IV, Random, 95% CI
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Fig. 8: Forest plot of BUN intergroup comparisons

Meta-analysis of other indicators

Blood $2-MG was included as an outcome indi-
cator in 2 studies (19, 29). The studies were het-
erogeneous and were statistically analyzed using a
random effects model. The results showed that
there was no statistical difference between the
test group and the control group in terms of low-
ering blood B2-MG (P=0.25), as shown in Table
4.

UB2-MG was included as an outcome indicator
in 3 studies (19, 28, 29). The studies were hetero-
geneous and were statistically analyzed using a
random effects model. The results showed no
statistical difference between the test group and
the control group in the reduction of UB2-MG
(P>0.05), as shown in Table 4.

Metrics of glycolipid metabolism were included
in each study. Except for HDL-C, which had low
heterogeneity, and a fixed-effects model was cho-
sen, all studies had high heterogeneity, and a ran-
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dom-effects model was chosen for all of them to
pool effect sizes. The results indicated that the
experimental group was superior to the control
group in reducing FPG, 2 h PG, TC, and HDL-C
(P<0.05). However, there was no statistically sig-
nificant difference between groups in improving
HbAlc and TG (P>0.05), as shown in Table 4.
hs-CRP was included as an outcome indicator in
2 trials (23, 28). The studies were heterogeneous
and were statistically analyzed using a random
effects model. The results showed that the trial
group was superior to the control group in reduc-
ing hs-CRP (P<0.05), as shown in Table 4.

IL-6 was included as an outcome indicator in 2
studies (23, 28). The studies were heterogeneous
and were statistically analyzed with a random ef-
fects model. The treatment group was superior to
the control group in reducing hs-CRP (P<0.05),
as shown in Table 4.
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Table 4: Summary of intergroup comparisons of 32-MG, UB2-MG, glycolipid metabolism, and inflammatory factor

indices

Indicator Study Sample size Heterogeneity = Meta analysis
number (T/C) test
P P ) MD  95%CI P
B2-MG (19, 29) 2 02/54 0.003 89 - (-1.01, 0.25
0.37  0.27)
UB2-MG (19, 28 3 113/105 <0.001 92 - (-1.96, 0.08
, 29) 0.93  0.10)
FPG (18, 20, 24, 5 181/176 <0.001 87 - (-0.94, - 0.006
26, 29) 0.55 0.15)
2hPG (18, 24, 26, 5 180/178 0.005 73 - (-0.95, - 0.001
27,29) 0.60  0.24)
HbAlc (17, 18, 6 211/206 <0.001 88 - (-0.80, 0.05
20, 24, 26, 29) 0.42  0.01)
TG (17-20, 24, 6 209/200 <0.001 94 - (-0.96, 0.07
26) 0.47  0.03)
TC (17-20, 24, 6 209/200 <0.001 93 - (-1.57, - 0.03
26) 0.83  0.09)
HDL-C (18-20) 3 88/79 0.18 41 0.34  (0.25,0.43) <0.001
hs-CRP (23, 28) 2 81/81 <0.001 96 - (-5.65, - 0.03
3.00  0.36)
1L-6 (23, 28) 2 81/81 0.004 88 - (-9.43, - 0.003
5.67 1.91)

Analysis of adverse reactions

Only one study in the literature included in this
review mentioned the occurrence of adverse re-
actions. One study (23) reported that no abnor-
malities were found in the safety indicators such
as the routine blood, fecal and urine tests, liver
and kidney functions, electrocardiograms, and
general vital signs in the patients before and after
treatment in the study, and no adverse drug reac-
tions such as hypoglycemia were observed. Of all
the patients in this study, only one patient had
burns on the skin of the lumbar back, with scat-
tered small blisters forming locally, but no ulcera-
tion was seen. The patient was instructed to keep
the local skin clean and dry and disinfected with
iodophor solution, and the blisters were com-
pletely absorbed after 5 days without affecting
the subsequent treatment and observation. There
were no adverse events in the remaining patients.

Available at:  http://ijph.tums.ac.ir

The safety of this study was still acceptable, the
incidence of serious adverse events was relatively
low, clinical research and promotion can contin-
ue, and there was no statistical difference in the
incidence of adverse events between the groups.

Publication bias

As the funnel plot was only applicable to the
number of studies greater than 10, the outcome
indicator with the largest number of included
studies in this study was the effectiveness rate,
and the publication bias was estimated for the
effectiveness rate of acupuncture treatment com-
pared with the control group. The funnel plot
was used for the analysis, and it was seen that the
distribution of the funnel plot was relatively
symmetric. Egger's test for publication bias is
P=0.122, indicating no publication bias (Fig. 9).
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Fig. 9: Publication bias funnel plot

Sensitivity analysis

Given the low methodological quality of all 13
included studies, the meta-analysis was repeated
for each outcome indicator after removing the
data from each study in turn. The results showed
no significant difference in the meta-analysis re-
sults for each indicator, suggesting that the results
obtained in this study were stable.

GRADE evaluation of outcome indicators

The GRADE system classifies categories the
quality of evidence into four levels: high, moder-
ate, low, and very low quality. The detailed evalu-
ation results for each outcome indicator are
shown in Table 5. All indicators were rated as
low or very low quality evidence.

Table 5: GRADE quality of evidence evaluation form

Indicator / Quality evaluation Sample Effect size (95% Level of
Study number Limitation Inconsistency Indirectness Inaccuracy Publication size CI) evidence
bias (T/C)

Efficient /11 Yes? Yesb No No No 344/339 MD1.33[1.22, 1.45] Low

SCR/7 Yes? Yesb No No No 260/257 MD-16.99[-27.04, - Low
6.93]

24h UMA/4 Yesa Yesb No No No 160/157 MD-28.52[-37.48, - Low
19.56]

BUN/6 Yes? Yesb No No No 233/230 MD-1.26[-1.99, - Low
0.54]

UAER/4 Yes Yesb No No No 138/138 MD-30.47[-34.35, - Low
26.59]

B2-MG/2 Yes Yesb No Yese No 62/54 MD-0.37[-1.01, Very Low
0.27]

Up2-MG/3 Yes? Yesb No Yese No 113/105 MD-0.93[-1.96, Very Low
0.10]

FPG/5 Yesa Yesb No No No 181/176 MD-0.55[-0.94, - Low
0.15]

2hPG/5 Yes Yesb No No No 180/178 MD-0.60[-0.95, - Low
0.24]

HbAlc/6 Yes Yesb No No No 211/206 MD-0.42[-0.86, Low
0.01]

TG/6 Yesa Yesb No No No 209/200 MD-0.47[-0.96, Low
0.03]

TC/6 Yes? Yesb No No No 209/200 MD-0.83[-1.57, - Low
0.09]

HDL-C/3 Yes? No No Yese No 88/79 MDO0.34[0.25,0.43]  Very Low

Hs-CRP/2 Yesa Yesb No Yese No 81/81 MD-3.00[-5.65, - Very Low
0.36]

11.-6/2 Yesa Yesb No Yese No 81/81 MD-5.67[-9.43, - Very Low
1.91]

a: Absence of blindness and inadequate allocation concealment, b: 2>50%, c: Small sample size, T: experimental group, C: Control group
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Discussion

This study was a systematic review of the efficacy
and safety of acupuncture in the treatment of
DN through a meta-analysis of previous RCTs. A
total of 13 RCT's were included in this review, all
of which were modern medicine-based treat-
ments. The meta-analysis showed that acupunc-
ture combined with modern medicine was effec-
tive in improving UAER, 24 h UMA, SCR, BUN,
FPG, 2 h PG, TC, HDL-C, hs-CRP, and I1.-6 in
patients with DN compared with modern medi-
cine alone. However, for the four outcome indi-
cators of B2-MG, UB2-MG, HbAlc, and TG, the
addition of acupuncture had no advantage over
modern medicine alone.

In this review, there was significant heterogeneity
in some outcome indicators. Pooling effect esti-
mates from multiple trials are usually associated
with heterogeneity. Understanding the reasons
for heterogeneity in a meta-analysis can increase
its scientific value and clinical relevance (30). In
this review, different acupoints were selected for
intervention in different trials, and the duration
of treatment varied between the trials (2 weeks to
6 months). Therefore, the heterogeneity may be
related to the different acupuncture points used
and the duration of treatment. In addition, the
results of the sensitivity analysis did not show a
significant difference for each indicator, which
suggests that the results are still relatively robust
(31). If more trials meeting the screening criteria
are reported in the future, it would be of great
interest to include them and re-perform the me-
ta-analysis and subgroup analyses.

Acupuncture is recognized as one of the oldest
medical treatments in the world and has been
used for thousands of years to treat illness, relieve
pain, and maintain good health (32). There have
been published meta-analyses of acupuncture for
the treatment of diabetic peripheral neuropathy,
hyperlipidemia, pain, insomnia, and tinnitus, all
of which have shown positive effects of acupunc-
ture (33, 34). This study demonstrated that acu-
puncture has unique advantages in improving
clinical symptoms and indicators of DN patients
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and is an important intervention for the clinical
prevention and treatment of DN. Acupuncture
treatment is based on the basic theories of TCM
under the guidance of the selection and compati-
bility of acupoints (35). Ancient literature and
modern clinical applications were collated to ana-
lyze acupuncture prescriptions for the treatment
of DN, and the commonly used acupoints were
as follows: @points for the back: Shenshu,
Weishu, Xiaochangshu, Shanjiaoshu, and Yishe;
@points for the feet: Rangu, Xingjian, Taixi, and
Shusanli; @points for the hands: Yangchi,
Guanchong, and Quchi; @points for the mouth:
Chengjiang; and @points for the abdomen:
Guanyuan (6, 30).

The underlying mechanisms of acupuncture in
the treatment of DN are complex and not yet
fully understood. DN belongs to diabetic micro-
angiopathy, which can affect the renal vascula-
ture, glomeruli, tubules, and renal interstittum
(37). Acupuncture can accelerate blood flow,
promote cell depolymerization, reduce blood vis-
cosity, improve microcirculation, and prevent
thrombosis (38, 39). In terms of acupuncture for
DN, it has now been found to be associated with
molecular mechanisms such as oxidative stress,
inflammatory response, improved glucose me-
tabolism, and increased insulin sensitivity. Elec-
troacupuncture reduced serum IL-13 and IL-6
levels in DN mice and alleviated the inflammato-
ry response by inhibiting the
HMGB1/NLRP3/NF-xB pathway (40). Yue et
al. found that acupuncture could improve the
resistance to oxidative stress, restore iron ion
homeostasis, ameliorate podocyte injury, improve
renal filtration function, and reduce urinary pro-
tein in DN rats (41). In addition, acupuncture has
a protective effect on renal function by improv-
ing insulin resistance. A study found that electro-
acupuncture treatment of Zusanli and Shenshu in
type 2 diabetic rats can improve insulin resistance
and alleviate vascular endothelial dysfunction by
increasing the mRNA expression of GLUT2 and
GCK and regulating the PI3K/Akt signaling
pathway (42). Our results show that acupuncture
can improve glycolipid metabolism and reduce
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the levels of inflammation-related factors hs-CRP
and IL-6 in DN patients, which is consistent with
the results of published articles. Therefore, the
molecular mechanisms can be further explored
by conducting 7 vzvo and in vitro experiments.
There are several limitations to this review. As
the use of acupuncture as an intervention for DN
is a relatively new area of research, there were
only 13 publications that met the screening crite-
ria, the overall sample size of subjects was small,
and the methodological quality of the included
studies was poor, all of which affected the quality
of the review evidence provided in this study. As
all the included literature was in Chinese and the
trials were conducted in China, the results of this
study are only relevant to DN patients in the
Chinese region. Second, the outcome measures
reported in the studies varied widely. No litera-
ture was included for glomerular filtration rate,
which is important for assessing the condition of
DN, and only one study was included for urinary
albumin/creatinine ratio and blood pressure,
which did not allow for meta-analysis, which will
be further improved when newer studies are re-
ported. In addition, all the included studies lacked
long-term follow-up data, and the long-term effi-
cacy of acupuncture intervention in DN is still
uncertain.

Conclusion

Acupuncture combined with modern medicine
can effectively improve UAER, 24 h UMA, SCR,
BUN, FPG, 2 h PG, TC, HDL-C, hs-CRP, and
IL-6 in patients with DN. However, the addition
of acupuncture did not have an advantage over
modern medicine alone in the four outcome indi-
ces of $2-MG, UB2-MG, HbAlc, and TG. Due
to the limitations of the existing literature in
terms of sample size and methodological quality,
to better evaluate the efficacy and safety of acu-
puncture intervention in DN, more rigorously
designed large-sample, multicenter, randomized
controlled trials are needed in the future to pro-
vide evidence support.
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