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meta-analysis of randomized
controlled trials
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Yu Deng1, Xiaoyu Hou1, Yuanyuan Li1 and Wenjing Cai1

1Ophthalmology Department, Eye Hospital China Academy of Chinese Medical Sciences,
Beijing, China, 2Centre for Evidence-based Chinese Medicine, School of Traditional Chinese
Medicine, Beijing University of Chinese Medicine, Beijing, China
Background: Non-proliferative diabetic retinopathy (NPDR), a common diabetic

complication with high morbidity, is featured by impaired visual function and

fundus lesions. It has been reported that oral Chinese patent medicines (OCPMs)

may improve visual acuity and fund signs. However, the best possible OCPMs for

NPDR remain questionable and merit further investigation.

Methods: From inception to October 20, 2022, seven databases were searched

for eligible randomized controlled trials (RCTs). The outcomes were clinical

effective rate, visual acuity, visual field gray value, microaneurysm volume,

hemorrhage area, macular thickness, and adverse events rate. The revised

Cochrane risk-of-bias tool (ROB 2) was used to assess the quality of the

included studies. Network meta-analysis was performed using R 4.1.3 and

STATA 15.0 software.

Results: We included 42 RCTs with 4,858 patients (5,978 eyes). The Compound

Danshen Dripping Pill (CDDP) combined with calcium dobesilate (CD) had the

most improvement in clinical efficacy rate (SUCRA, 88.58%). The Compound

Xueshuantong Capsule (CXC) combined with CD may be the best intervention

(SUCRA, 98.51%) for the improvement of visual acuity. CDDP alone may be the

most effective treatment option (SUCRA, 91.83%) for improving visual field gray

value. The Hexuemingmu Tablet (HXMMT) and Shuangdan Mingmu Capsule

(SDMMC) combined with CD may be the most effective treatment for reducing

microaneurysm volume and hemorrhage area (SUCRA, 94.48%, and 86.24%),

respectively. Referring to reducing macular thickness, CXC combined with CD

ranked first (SUCRA, 86.23%). Moreover, all OCPMs did not cause serious

adverse reactions.

Conclusion:OCPMs are effective and safe for NPDR. CDDP alone, and combined

with CD, may be themost effective in improving visual field gray value and clinical

efficacy rate, respectively; CXC combined with CD may be the best in enhancing
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BCVA and reducing macular thickness; HXMMT and SDMMC combined with CD,

maybe the most effective regarding microaneurysm volume and hemorrhage

area, respectively. However, the reporting of methodology in the primary study is

poor, potential biases may exist when synthesizing evidence and interpreting the

results. The current findings need to be confirmed by more large-sample,

double-blind, multi-center RCTs of rigorous design and robust methods in the

future.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022367867.
KEYWORDS

oral Chinese patent medicines, non-proliferative diabetic retinopathy, calcium
dobesilate, network meta-analysis, SUCRA
1 Introduction

The prevalence of diabetes in individuals aged 20 to 79 years

increased to 537 million worldwide in 2021 and is expected to rise to

783 million in 2045 (1). Diabetic retinopathy (DR) is one of the most

common microvascular and neurological complications of diabetes,

with a prevalence of 24.7-37.5% in the diabetic population, and is the

leading cause of blindness in people of working age (2). According to

the international clinical DR severity grading criteria, DR can be

divided into non-proliferative diabetic retinopathy (NPDR) and

proliferative diabetic retinopathy (PDR). NPDR is characterized by

fundus microaneurysms, retinal hemorrhage, cotton wool spots, hard

exudate, and intraretinal microvascular abnormality (IRMA)

formation. Moreover, retinal neovascularization formation implies

a transition to the PDR stage, which can further cause vitreous

hemorrhage, retinal detachment, and neovascular glaucoma, leading

to severe vision loss and even blindness (3).

Therefore, controlling the progression of DR and maximizing the

restoration of visual acuity in patients has become a focus of clinical

research. Currently, the main treatment strategies for NPDR are

controlling risk factors, such as blood glucose and blood pressure,

and improving microcirculation. Retinal laser photocoagulation,

intravitreous drug injection, and vitrectomy are mainly applied to

patients with PDR, and all have some limitations (4). Calcium

dobesilate (CD) is a well-established vasoactive and vasoprotective

drug that can reduce retinal capillary permeability and stabilize blood-

retinal barrier function, as well as antagonize platelet aggregation and

improve local blood circulation, and is widely used clinically in patients

with NPDR (5, 6). A meta-analysis involving 221 studies showed that

CDmight improve fundus bleeding and exudation in patients with DR

(5). However, not all NPDR patients benefit (7).

In addition to the above methods, Chinese clinicians have

achieved better clinical efficacy by combining oral Chinese patent

medicines (OCPMs). OCPMs are traditional Chinese medicine

products processed as per the prescription and preparation

technology based on Chinese herbal medicine as raw material (8).

Several recent basic studies have shown that the active ingredients of
02
OCPMs can reduce retinal ischemia and hypoxia, and improve

retinal structure and function through various pathways, such as

reducing pericyte loss, attenuating oxidative stress and inflammatory

responses (9, 10). Moreover, a growing body of clinical evidence

suggested that OCPMs alone or combined with CD for treating

NPDR patients could effectively improve patients’ visual function and

fundus signs (11). However, there is still debate about which OCPM

is most effective in treating NPDR. Therefore, our study aimed to

systematically assess the effects of different OCPMs on outcome

indicators of NPDR using network meta-analysis (NMA).
2 Methods

The study followed the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) Extension

Statement for systematic reviews and meta-analyses (12). The

PRISMA checklist is detailed in Supplementary File S1.
2.1 Search strategy

Seven academic databases were searched for published research

from inception to October 20, 2022, including PubMed, Embase,

Cochrane Library, China National Knowledge Infrastructure,

Wanfang Database, Weipu Journal Database, and Chinese

Biomedical Literature Database. Only Chinese and English articles

were retrieved. The detailed search strategies are provided in

Supplementary File S2.
2.2 Inclusion and exclusion criteria
1) Patients diagnosed with NPDR according to international or

Chinese diagnostic criteria (relying on fundus fluorescein

angiography and fundus signs) (3, 13).
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2) The interventions of the experimental group were OCPMs

with or without CD. Besides, the OCPMs must belong to

the seven kinds of OCPMs recommended by the National

Healthcare Security Administration (NHSA) (http://

www.nhsa.gov.cn/) and National Medical Products

Administration (NMPA) (https://www.nmpa.gov.cn/) of

the People’s Republic of China.

3) The interventions of the control group were treated with CD

alone.

4) Outcomes included clinical effective rate (percentage of

patients whose visual acuity and fund signs improved

after treatment), visual acuity (standard logarithm visual

acuity chart), visual field gray value, microaneurysm

volume, hemorrhage area, macular thickness, and adverse

drug reactions (ADRs).
5) The types of studies were randomized controlled

trials (RCTs).
2.3 Data collection and quality assessment

Two authors independently extracted the relevant information.

The details included basic trial information, population, detailed

inventions, outcomes, and study type. According to Version 2 of the

Cochrane risk-of-bias tool (RoB 2) for randomized trials, Two

authors independently assessed the risk of bias of the RCTs from

five submissions, including randomization process, deviations from

intended interventions, missing outcome data, measurement of the

outcome, and selection of the reported results (14). All trials were

regarded as “low risk”, “some concerns”, or “high risk”.

Disagreements were resolved through consensus or third-

party adjudication.
2.4 Data analysis

We used STATA 15.0 software to conduct a traditional pairwise

meta-analysis and R 4.1.3 software with the “BUGSnet” and “rjags”

packages for a Bayesian NMA (15). A random-effects model was

analyzed. We ran the Markov chain Monte Carlo (MCMC)

simulation with four Markov chains for 200,000 iterations (burn-

in iterations=5000, thinning factor=1) (16). The Gelman-Rubin

convergence diagnostic was tested. The potential scale reduction

factor (PSRF) value close to 1 indicates convergence. We estimated

the odds ratio (OR) for dichotomous outcomes and mean difference

(MD) for continuous outcomes, with a corresponding 95% credible

interval (CrI). The network plot was presented to visualize multiple

comparisons. The evaluation of inconsistency was not applicable

because there were no “closed loops” in the network plot. The

probability values of the surface under the cumulative ranking curve

(SUCRA) were estimated for treatment rankings. The SUCRA

values ranged from 0-100%. A higher value indicates a higher

likelihood that therapy is the best among the interventions being

compared (17). Heterogeneity was assessed using the I2 test. If there

was substantial heterogeneity (I2 > 50%), subgroup analysis and
tiers in Endocrinology 03
sensitivity analysis were considered. Publication bias was examined

by the comparison-adjusted funnel plot.
3 Results

3.1 Search results

We retrieved 12,591 records in total. After removing duplicates,

8,105 records remained for screening. Of which, 7,968 records were

excluded by reading the title and abstract, and 95 by reading the full

text. Finally, 42 two-arm RCTs with 4,858 patients (5,978 eyes) were

included in our study. The Flowchart of the search is shown

in Figure 1.
3.2 Characteristics of included studies

In total, 4,858 patients (5,978 eyes) and 7 kinds of OCPMs were

involved in the 42 RCTs. Concerning treatment, 2,334 patients

(2,790 eyes) used CD alone, 846 patients (1,351 eyes) treated only

OCPMs, and 1,678 patients (1,837 eyes) received with OCPMs

combined with CD. Regarding outcomes, 36 studies (85.71%), 8

studies (19.05%), 19 studies (45.24%), 14 studies (33.33%), 18

studies (42.86%), 18 studies (42.86%), and 22 studies (52.38%)

assessed the clinical efficacy rate, visual acuity, visual field gray

value, microaneurysm volume, hemorrhage area, macular

thickness, and ADRs, respectively. The detailed characteristics of

the studies are demonstrated in Table 1.

All 42 included RCTs were two-arm studies. The interventions

of the experimental group were either OCMPs alone or OCMPs

combined with CD, and the control group was CD alone. There

were six different types of OCMPs among the combined therapies,

including the Compound Xueshuantong Capsule (CXC) combined
FIGURE 1

Flowchart of the search for eligible studies.
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TABLE 1 Characteristics of the included studies.

Study ID Sample Size
(E/C)

Sex
(M/F) Age (Year, E/C)

Intervention
of

experimental
group

Intervention of
control group

Course
(Months) Outcomes

Du JH 2018
(18)

48/48
(29/19)/
(30/18)

(64.2 ± 4.3)/(62.7 ±
4.0)

CXC CD 1 ①

Huang W 2021
(19)

30/30
(17/13)/
(18/12)

(52.85 ± 6.38)/(51.86
± 6.16)

CXC+CD CD 5 ① ③ ④ ⑤ ⑥ ⑦

An LN 2020
(20)

35/35
(19/16)/
(20/15)

(51.17 ± 17.83)/(52.12
± 15.76)

CXC+CD CD 3 ① ④ ⑥ ⑦

Wang J 2020
(21)

44/42
(26/19)/
(23/19)

(69.52 ± 7.11)/(68.35
± 6.82)

CXC+CD CD 5 ① ③ ④ ⑤ ⑥ ⑦

Yan H 2020
(22)

46/46
(27/19)/
(25/21)

(48.5 ± 4.9)/(47.4 ±
4.6)

CXC+CD CD 3 ① ⑦

Chai F 2018
(23)

54/53
(32/22)/
(30/23)

(61.11 ± 6.01)/(61.19
± 6.03)

CXC+CD CD 3 ① ③ ⑤ ⑥

Wang Q 2018
(24)

50/50
(26/24)/
(27/23)

(55.02 ± 2.58)/(54.80
± 2.61)

CXC+CD CD 6 ① ③ ④ ⑤ ⑥

Ma JP 2018
(25)

27/27
(16/11)/
(15/12)

(53.02 ± 4.13)/(53.08
± 4.25)

CXC+CD CD 5 ① ③ ④ ⑤ ⑥ ⑦

Yu W 2017
(26)

34/34
(19/15)/
(17/17)

(57.4 ± 8.3)/(58.1 ±
7.9)

CXC+CD CD 3 ① ③ ⑤ ⑥

Rao XJ 2017
(27)

110/125
(61/49)/
(68/57)

(49.5 ± 5.9)/(50.2 ±
6.4)

CXC+CD CD 3 ①

Men LB 2020
(28)

40/40
(21/19)/
(22/18)

(66.97 ± 2.86)/(67.46
± 2.52)

CXC+CD CD 2 ① ② ③ ⑤ ⑥

Li Y 2019 (29) 49/49
(28/21)/
(27/22)

(66.82 ± 4.03)/(66.41
± 4.11)

CXC+CD CD 3 ① ③

Pei R 2015
(30)

32/32
(17/15)/
(16/16)

(56.4 ± 2.1)/(55.3 ±
1.2)

CXC+CD CD 5 ① ③ ④ ⑤ ⑥ ⑦

Zhou YD 2022
(31)

63/63
(34/29)/
(35/28)

(51.14 ± 8.1)/(52.04 ±
2.2)

CXC+CD CD 3 ① ③ ④ ⑤ ⑥ ⑦

Luo D 2015
(32)

28/29
(18/10)/
(19/10)

(59.54 ± 7.46)/(57.86
± 10.03)

CDDP CD 3 ③

Jin M 2009
(33)

30/28 NR
(62.78 ± 7.69)/(61.11

± 7.27)
CDDP CD 3 ② ③ ⑤

Chen Y 2006
(34)

31/32
(17/14)/
(15/17)

(54.60 ± 10.40)/(58.12
± 9.31)

CDDP CD 3 ①

Xu HT 2019
(35)

43/43
(24/19)/
(25/18)

(53.11 ± 4.41)/(53.06
± 4.39)

CDDP+CD CD 4 ① ③ ④ ⑤ ⑥ ⑦

Li Y 2017 (36) 89/89
(31/58)/
(28/61)

(56.5 ± 7.2)/(55.8 ±
6.8)

CDDP+CD CD 2 ①

Wang HM
2016 (37)

45/45
(23/22)/
(24/21)

(57.15 ± 6.68)/(57.06
± 6.72)

CDDP+CD CD 2 ①

Bai YX 2017
(38)

38/38
(20/18)/
(21/17)

(40-72)/(39-71) CDDP+CD CD 4 ① ② ③ ④ ⑤ ⑦

Ruan YX 2017
(39)

35/35
(18/17)/
(20/15)

(52.5 ± 1.1)/(52.8 ±
1.7)

CDDP+CD CD 4 ① ③ ④ ⑤ ⑥ ⑦

Huang YX
2021 (40)

45/45
(28/17)/
(29/16)

(67.5 ± 5.3)/(67.3 ±
5.1)

CDDP+CD CD 6 ② ③ ④ ⑦

(Continued)
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with CD [13 RCTs (19–31)], the Compound Danshen Dripping Pill

(CDDP) combined with CD [6 RCTs (35–40)], the Shuangdan

Mingmu Capsule (SDMUC) combined with CD [4 RCTs (42–45)],

the Qiming Granule (QG) combined with CD [5 RCTs (50–54)],

the Hexuemingmu Tablet (HXMMT) combined with CD [2 RCTs

(55, 56)], and the Mingmu Dihuang Pill (MMDHP) combined with

CD [2 RCTs (58, 59)]. There were five different kinds of OCMPs
Frontiers in Endocrinology 05
among using OCMPs alone, including CXC [only 1 RCT (18)],

CDDP [3 RCTs (32–34)], SDMUC [1 RCT (41)], QG [4 RCTs (46–

49)] and Danhong Huayu Koufuye (DHHYK) [only 1 RCT (57)].

Detailed information OCMPs is described in Supplementary File

S3. Furthermore, a network graph depicted the relationship between

various interventions and each outcome, which is shown

in Figure 2.
TABLE 1 Continued

Study ID Sample Size
(E/C)

Sex
(M/F) Age (Year, E/C)

Intervention
of

experimental
group

Intervention of
control group

Course
(Months) Outcomes

Qin YH 2010
(41)

414/221 NR NR SDMUC CD 4 ① ⑦

Ji XD 2022
(42)

52/52
(29/23)/
(28/24)

(56.63 ± 4.02)/(56.53
± 4.09)

SDMUC+CD CD 3 ① ⑤ ⑥ ⑦

Liu JP 2019
(43)

60/60
(33/27)/
(32/28)

(57.54 ± 8.11)/(57.10
± 9.26)

SDMUC+CD CD 4 ① ⑤ ⑥ ⑦

Jin L 2019 (44) 72/71
(44/28)/
(43/28)

(63.07 ± 8.08)/(62.39
± 8.34)

SDMUC+CD CD 4 ⑦

Pang YH 2015
(45)

40/40
(18/22)/
(16/24)

(49.4 ± 5.7)/(49.6 ±
5.3)

SDMUC+CD CD 4 ①

Zhang DX
2015 (46)

60/59
(24/36)/
(24/35)

(60.03 ± 6.11)/(60.79
± 642)

QG CD 3 ①

Fang J 2022
(47)

51/51
(27/24)/
(26/25)

(45.5 ± 1.3)/(50.0 ±
1.4)

QG CD 6 ① ⑦

Duan JG 2006
(48)

107/105 NR NR QG CD 3 ⑦

Fan YP 2018
(49)

47/47
(26/21)/
(27/20)

(48.6 ± 5.1)/(47.5 ±
4.9)

QG CD 6 ① ⑥ ⑦

Feng JL 2016
(50)

42/41
(29/13)/
(27/14)

(55.26 ± 6.29)/(55.89
± 6.13)

QG+CD CD 3 ① ②

Wang ZQ
2019 (51)

52/48
(31/21)/
(29/19)

(66.7 ± 6.2)/(66.8 ±
6.3)

QG+CD CD 6 ①

Wang ZZ 2017
(52)

47/47
(29/18)/
(26/21)

(54.5 ± 4.8)/(54.3 ±
4.9)

QG+CD CD 3 ⑦

Sui HL 2014
(53)

43/43
(22/21)/
(23/20)

(50.22 ± 14.82)/(50.53
± 11.28)

QG+CD CD 6 ① ②

Yan JH 2020
(54)

41/41
(24/17)/
(25/16)

(56.65 ± 4.02)/(56.96
± 4.59)

QG+CD CD 2 ① ② ⑦

Ye XL 2019
(55)

88/88
(46/42)/
(50/38)

(60.5 ± 13.4)/(60.9 ±
12.7)

HXMMT+CD CD 3 ①

Gao L 2020
(56)

128/128
(75/53)/
(72/56)

(58.14 ± 7.63)/(57.65
± 7.82)

HXMMT+CD CD 3 ① ③ ④ ⑤ ⑥ ⑦

Zhu HM 2013
(57)

30/30
(13/17)/
(14/16)

(61.5 ± 13.1)/(61.6 ±
12.7)

DHHYK CD 3 ① ②

Li JB 2019 (58) 54/54
(29/25)/
(28/26)

(55.4 ± 3.1)/(56.1 ±
3.7)

MMDHP+CD CD 5 ① ③ ④ ⑤ ⑥ ⑦

A YN 2019
(59)

50/50
(20/30)/
(22/28)

(52.61 ± 5.39)/(53.02
± 5.41)

MMDHP+CD CD 1 ③ ④ ⑤ ⑥
E/C, experimental group/control group; M/F, male/female; OCPMs, oral Chinese patent medicines; NR, Not Reported; CD, calcium dobesilate; CXC, Compound Xueshuantong Capsule; CDDP,
Compound Danshen Dripping Pill; SDMUC, Shuangdan Mingmu Capsule; QG, Qiming Granule; HXMMT, Hexuemingmu Tablet; DHHYK, Danhong Huayu Koufuye; MMDHP, Mingmu
Dihuang Pill; ①Clinical effective rate; ②Visual acuity; ③visual field gray value; ④microaneurysm volume; ⑤hemorrhage area; ⑥macular thickness; ⑦adverse events rate
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3.3 Risk of bias assessment

All 42 selected RCTs reported specific randomization methods,

including 18 RCTs (19, 21, 22, 24–26, 28, 29, 31, 35, 38, 40, 43, 48, 49,

55–57) using a simple random number Table 1 RCT (52) using the

stratified randomization, and 1 RCT (41) using random parallel

control method. Two RCTs were regarded as “low risk” in the

“randomization process” due to reporting allocation concealment.

Two RCTs (27, 39) were classified as high-risk because they were

randomized by order of visit and admission number. In terms of

deviations from intended interventions, three RCTs (32, 41, 48)

adopted double-blind methods, and were thus considered as “low

risk”, and all the other RCTs were rated as “some concerns”. All

studies were evaluated as “low risk” in the missing outcome data due

to there were complete data in all studies; In terms of measurement of

the outcome, all studies were rated as “low risk” because the two

groups were consistent and objective; In addition, there were no

details of registration reported or any previously published study

protocols, so all RCTs were rated as “some concerns”. Thus, apart

from two RCTs (27, 39), all RCTs were rated as “some concerns”. The

details of the risk of bias assessment are depicted in Figure 3.
3.4 Pairwise meta-analysis

We performed the pairwise meta-analysis in the seven

outcomes with different OCMPs with or without CD versus CD

in NPDR patients. The results (forest plots and heterogeneity

analysis) are shown in Supplementary File S4. Overall, the

heterogeneity of direct comparisons was moderate (I2 < 50% for

most comparisons), except QG compared to CD for the clinical

efficacy rate (I2 = 83.0%), CXC+CD compared to CD for the ray

value of the visual field (I2 = 96.2%), CXC+CD compared to CD for

macular thickness (I2 = 96.2%). Therefore, we used the fixed-effects
Frontiers in Endocrinology 06
model. Since the patients with DR included in this study were all

staged as NPDR, which was consistent and had no obvious clinical

heterogeneity, different courses of treatment may be substantial

sources of clinical heterogeneity. Through different courses of

OCMPs, we conducted subgroup analysis to find the source of

heterogeneity. Meanwhile, after changing the effect model and

eliminating the literature effect size one by one, the original

results remained unchanged, indicating that the sensitivity

analysis results were negative and the results were relatively

reliable. The details are shown in Supplementary Files S5–S7.
3.5 Network meta-analysis

3.5.1 Clinical efficacy clinical rate
Thirty-six studies reported the clinical efficacy rate. We found

that all the included OCPMs, apart from CXC, DHHYK, and

MMDHP+CD had higher clinical efficacy than CD alone

(Table 2A). Based on the ranking probability of SUCRA,

CDDP+CD had the highest efficacy rate (88.58%), followed by

CDDP (69.27%) and QG+CD (66.98%), whereas CD alone obtained
B C

D E F

A

FIGURE 2

The network graphs comparing OCPMs for NPDR. (A) Clinical effective rate; (B) Visual acuity; (C) Visual field gray value; (D) Microaneurysm volume;
(E) Hemorrhage area; (F) Macular thickness. CD, calcium dobesilate; CXC, Compound Xueshuantong Capsule; CDDP, Compound Danshen Dripping
Pill; SDMUC, Shuangdan Mingmu Capsule; QG, Qiming Granule; HXMMT, Hexuemingmu Tablet; DHHYK, Danhong Huayu Koufuye; MMDHP,
Mingmu Dihuang Pill.
FIGURE 3

Summary of risk of bias assessment based on revised Cochrane RoB
2 tool.
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TABLE 2 League table of NMA estimations.

(A) Network meta-analysis comparisons for clinical effective rate

CD

0.16 (0.03,0.69) CDDP

0.11 (0.04,0.26) 0.66 (0.11,4.09) CDDP+CD

0.33 (0.07,1.43) 2.05 (0.24,17.82) 3.11 (0.53,18.86) CXC

0.24 (0.15,0.36) 1.45 (0.31,7.62) 2.20 (0.82,6.73)
0.71

(0.15,3.51)
CXC+CD

0.41 (0.11,1.47) 2.53 (0.36,19.87) 3.85 (0.81,20.21)
1.24

(0.17,9.20)
1.73

(0.45,6.89)
DHHYK

0.31 (0.13,0.70) 1.88 (0.35,11.58) 2.85 (0.86,10.97)
0.92

(0.17,5.29)
1.29

(0.51,3.40)
0.74 (0.16,3.50) HXMMT+CD

0.31 (0.05,1.63) 1.92 (0.18,19.29) 2.92 (0.37,20.89)
0.93

(0.09,9.07)
1.32

(0.20,7.41)
0.75 (0.08,6.25) 1.01 (0.13,6.54)

MMD
+C

0.23 (0.10,0.42) 1.38 (0.26,7.58) 2.09 (0.66,6.94)
0.68

(0.13,3.50)
0.95

(0.41,2.04)
0.55 (0.12,2.24) 0.74 (0.23,2.03)

0.7
(0.11,

0.19 (0.08,0.42) 1.15 (0.21,6.93) 1.74 (0.50,6.53)
0.56

(0.10,3.20)
0.79

(0.30,2.00)
0.45 (0.10,2.10) 0.61 (0.18,1.94)

0.6
(0.09,

0.27 (0.09,0.77) 1.66 (0.27,11.24) 2.50 (0.66,11.20)
0.81

(0.13,5.18)
1.13

(0.38,3.66)
0.65 (0.12,3.49) 0.88 (0.23,3.39)

0.8
(0.12,

0.21 (0.07,0.56) 1.28 (0.21,8.48) 1.95 (0.47,8.20)
0.62

(0.10,3.91)
0.88

(0.27,2.65)
0.50 (0.09,2.59) 0.68 (0.17,2.50)

0.6
(0.09,

(B) Network meta-analysis comparisons for visual acuity

CD

-0.19 (-0.41,0.03) CDDP

-0.09 (-0.25,0.05) 0.10 (-0.17,0.36) CDDP+CD

-0.46 (-0.68,-
0.24)

-0.27 (-0.58,0.04)
-0.37 (-0.62,-

0.10)
CXC+CD

-0.07 (-0.29,0.15) 0.12 (-0.19,0.43) 0.02 (-0.23,0.29)
0.39

(0.08,0.70)
DHHYK

-0.11 (-0.24,0.02) 0.08 (-0.17,0.33) -0.02 (-0.21,0.18)
0.35

(0.10,0.60)
-0.04

(-0.29,0.21)
QG+CD
5

4

7

5
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BLE 2 Continued

(C) Network meta-analysis comparisons for visual field gray value

D

.29 (0.73,1.81) CDDP

.93 (0.67,1.19) -0.36 (-0.93,0.27) CDDP+CD

.92 (0.75,1.08) -0.37 (-0.91,0.21) -0.02 (-0.32,0.29) CXC+CD

.51 (-0.00,1.02) -0.78 (-1.50,-0.01) -0.42 (-1.00,0.15)
-0.41

(-0.95,0.13)
HXMMT
+CD

.99 (0.63,1.35) -0.30 (-0.92,0.37) 0.06 (-0.39,0.50)
0.07

(-0.33,0.47)
0.48

(-0.15,1.11)
MMDHP+CD

(D) Network meta-analysis comparisons for microaneurysm volume

D

.05 (2.56,3.51) CDDP+CD

.52 (3.05,3.99) 0.47 (-0.19,1.15) CXC+CD

.04 (3.14,4.95) 0.99 (-0.01,2.03) 0.53 (-0.49,1.54)
HXMMT
+CD

.17 (2.66,3.65) 0.12 (-0.56,0.81) -0.35 (-1.05,0.33)
-0.87

(-1.92,0.14)
MMDHP
+CD

(E) Network meta-analysis comparisons for hemorrhage area

D

.80 (0.50,1.10) CDDP

.81 (0.69,0.96) 0.01 (-0.31,0.35) CDDP+CD

.81 (0.73,0.90) 0.01 (-0.30,0.32) -0.01 (-0.17,0.15) CXC+CD

.56 (0.38,0.74) -0.24 (-0.59,0.11) -0.25 (-0.50,-0.04)
-0.25 (-0.46,-

0.05)
HXMMT
+CD

.85 (0.73,0.99) 0.05 (-0.27,0.38) 0.04 (-0.16,0.22)
0.05

(-0.11,0.20)
0.29

(0.07,0.53)
MMDHP
+CD

.91 (0.76,1.05) 0.10 (-0.23,0.44) 0.09 (-0.12,0.28)
0.10

(-0.07,0.26)
0.35

(0.11,0.58)
0.05

(-0.15,0.24)
SDMUC+CD
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the worst effect (2.27%). The detail is shown in Figure 4A

and Table 3.

3.5.2 Visual acuity
Eight studies informed the improvement of visual acuity.

CXC+CD obtained a better effect than CDDP+CD, QG+CD,

DHHYK, and CD alone (Table 2B). Based on the ranking

probability of SUCRA, CXC+CD ranked first (98.51%), followed

by CDDP (70.34%) and QG+CD (49.27%), whereas CD alone

obtained the worst effect (6.25%). The detail is shown in

Figure 4B and Table 3.

3.5.3 Visual field gray value
The assessment of the visual field gray value included six

interventions. Four interventions (CDDP, CDDP+CD, CXC+CD,

and MMDHP+CD) could improve the visual field gray value

compared to CD alone (Table 2C). According to the ranking

probability of SUCRA, CDDP had the highest SUCRA value

(91.83%), followed by MMDHP+CD (67.47%) and CDDP+CD

(59.74%), whereas CD alone obtained the worst effect (0.51%).

The detail is shown in Figure 4C and Table 3.

3.5.4 Microaneurysm volume
Fourteen studies involving five interventions reported

microaneurysm volume. Four treatment types (CDDP+CD,

CXC+CD, HXMMT+CD, and MMDHP+CD) showed the ability

to reduce microaneurysm volume more than CD alone, while other

treatments did not show significant differences. Based on the ranking

probability of SUCRA, HXMMT+CD might have the highest

possibility (94.48%), while CD alone might be the least improved

treatment (0.0%). The detail is shown in Figure 4D and Table 3.

3.5.5 Hemorrhage area
Eighteen studies informed the decrease of hemorrhage area. We

found that all the included OCPMs, including CDDP, CDDP+CD,

CXC+CD, HXMMT+CD, MMDHP+CD, and SDMUC+CD,

reduced hemorrhage area more than CD alone (Table 2E). Based

on the ranking probability of SUCRA, SDMUC+CD ranked first

(86.24%), followed by MMDHP+CD (72.29%) and CDDP+CD

(59.2%), whereas CD alone obtained the worst effect (0.0%). The

detail is shown in Figure 4E and Table 3.

3.5.6 Macular thickness
Eighteen studies involving 7 interventions reported macular

thickness. Network comparisons suggested that four treatment

types (CDDP+CD, CXC+CD, MMDHP+CD, and SDMUC+CD)

were better than CD alone in reducing macular thickness

(Table 2F). According to SUCRA, CXC+CD had the highest

SUCRA value (86.23%), followed by CDDP+CD (80.94%) and

MMDHP+CD (57.05%), whereas CD alone obtained the worst

effect (3.11%). The detail is shown in Figure 4F, and Table 3.

3.5.7 Adverse drug reactions
In this study, The NMA for ADRs was difficult because 8 of the

22 included studies reported no adverse reactions in the
T
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experimental and control groups. The other 14 studies reported 160

cases of adverse drug reactions, including 2 studies that did not

identify specific ADRs. According to the results of the pairwise

meta-analysis, there were no adverse reactions in the experimental

and control groups, apart from QG, in which those of the OCPMs

were lower than those of CD alone (Supplementary File S5).
Frontiers in Endocrinology 10
3.6 Sensitivity analysis

For sensitivity analysis, we excluded RCTs with high risk of bias (2

studies) and RCTs with short treatment courses of 1-2 months (6 studies),

respectively. The NMA results were re-evaluated. We found that both the

effect size and direction did not change significantly, only the confidence
B C

D E F

A

FIGURE 4

Surface under the cumulative ranking curve (SUCRA) probabilities of different interventions for six outcomes. (A) Clinical effective rate; (B) Visual
acuity; (C) Visual field gray value; (D) Microaneurysm volume; (E) Hemorrhage area; (F) Macular thickness. CD, calcium dobesilate; CXC, Compound
Xueshuantong Capsule; CDDP, Compound Danshen Dripping Pill; SDMUC, Shuangdan Mingmu Capsule; QG, Qiming Granule; HXMMT,
Hexuemingmu Tablet; DHHYK, Danhong Huayu Koufuye; MMDHP, Mingmu Dihuang Pill.
TABLE 3 Ranking probability of interventions.

Intervention

Clinical effective
rate Visual acuity Visual field gray

value
Microaneurysm

volume
Hemorrhage

area
Macular
thickness

SUCRA
(%) Rank SUCRA

(%) Rank SUCRA
(%) Rank SUCRA

(%) Rank SUCRA
(%) Rank SUCRA

(%) Rank

CXC+CD 54.02 6 98.51 1 56.74 4 73.19 2 55.29 5 86.23 1

CDDP+CD 88.58 1 41.8 4 59.74 3 36.45 4 59.2 3 80.94 2

QG+CD 66.98 3 49.27 3 – – – – – – – –

SDMUC+CD 60.63 4 – – – – – – 86.24 1 49.94 4

MMDHP+CD 43.56 8 – – 67.47 2 45.87 3 72.29 2 57.05 3

HXMMT+CD 40.01 9 – – 23.7 5 94.48 1 18.67 6 48.82 5

CXC 39.97 10 – – – – – – – – – –

CDDP 69.27 2 70.34 2 91.83 1 – – 58.3 4 – –

QG 57.18 5 – – – – – – – – 23.91 6

SDMUC 47.47 7 – – – – – – – – – –

DHHYK 30.04 11 33.85 5 – – – – – – – –

CD 2.27 12 6.25 6 0.51 6 0 5 0 7 3.11 7
frontie
CD, calcium dobesilate; CXC, Compound Xueshuantong Capsule; CDDP, Compound Danshen Dripping Pill; SDMUC, Shuangdan Mingmu Capsule; QG, Qiming Granule; HXMMT,
Hexuemingmu Tablet; DHHYK, Danhong Huayu Koufuye; MMDHP, Mingmu Dihuang Pill, -: no value.
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intervals have gotten a little bit wider. The ranking probabilities were also

not changed substantially. These suggested that theNMAresults are robust

to a certain extent. The details are shown in Supplementary Files S8.
3.7 Publication bias

Figure 5 depicts the comparison-adjusted funnel plot for six

outcomes to assess publication bias. It can be seen that the calibration

auxiliary line was not completely perpendicular to the centerline,

suggesting that the NMA may have potential publication bias.
4 Discussion

In recent decades, diabetes has progressed from a disease occurring

mainly in populations of developed countries to a worldwide epidemic.

DR, which is a major cause of visual impairment in a continuously

increasing number of diabetic patients, is a common complication of

diabetes (4). Once patients reach the PDR stage, they may progress to

more serious diseases such as retinal neovascularization, vitreous

hemorrhage, and retinal detachment, which can severely disrupt the

visual function of patients even with interventions such as laser and

vitrectomy (60). Therefore, early treatment and prevention at the stage of

NPDR have become an urgent clinical problem to be solved. In China,

clinicians often apply OCPMs for the treatment of NPDR with good

clinical efficacy (11). DR belongs to the category of “thirsty eye disease”

according to traditional Chinese medicine, and its pathogenesis is mainly

attributed to the deficiency of both qi and yin and the stasis of ocular

collateral (61). Based on this etiology and pathogenesis, the clinical

treatment of DR can be based on Chinese herbal medicines that benefit

Qi, nourish Yin, invigorate blood, and disperse blood stasis, and the

OCMPs selected for this NMA all belong to this category.
Frontiers in Endocrinology 11
4.1 Main findings

This NMA systematically evaluated the efficacy and safety of 7

commonly used OCPMs (CXC, CDDP, QG, SDMUC, MMDHP,

HXMMT, and DHHYK) alone or combined with CD in patients

with NPDR based on information from 42 studies involving 7

categories of outcomes. Our results showed that OCPMs alone or

combined with CD were superior to CD alone in terms of an

improved clinical efficacy rate, improved visual acuity and visual

field gray value, reduced fundus hemorrhage and exudation, and

better drug safety, which is consistent with the results of a published

pairwise meta-analysis (11). More so, by comparing different types

of proprietary Chinese medicines, the NMA also suggests that more

attention should be given to CDDP, CXC, HXMMT, and SDMMC

in the clinical treatment of NPDR.

The NMA results suggested that CDDP+CD and CDDP alone

might be the best treatment options for increasing clinical efficacy rate

and improving visual field gray value. CDDP is a herbal compound used

for the treatment of cardiovascular diseases, made from Salvia

miltiorrhiza Bunge [Lamiaceae], Panax notoginseng (Burkill) F.H.Chen

[Araliaceae] and a small number of Borneolum Syntheticum, and

contain active ingredients such as tanshinone, protocatechuic acid,

ginsenoside, and Panax ginsenoside (62). Due to its vascular protective

effects (63), CDDP is often used clinically in patients with DR. A Meta-

analysis that included eight RCTs involving 524 patients found that

CDDP combined with western drugs was effective in improving patients’

visual function (64), which is consistent with our present NMA results.

Meanwhile, basic studies have shown that CDDP can improve retinal

vascular and neurological function by inhibiting inflammation, oxidative

stress, and apoptosis, reducing vascular endothelial cell damage, and

increasing retinal thickness (65, 66), whichmay explain the superiority of

CDDP over other OCPMs in improving visual function.

We found that CXC+CD might be the best choice for improving

visual acuity and reducing macular thickness. CXC is composed of four
B C

D E F

A

FIGURE 5

Comparison-adjusted funnel plot for six outcomes. (A) Clinical effective rate; (B) Visual acuity; (C) Visual field gray value; (D) Microaneurysm volume;
(E) Hemorrhage area; (F) Macular thickness. CD, calcium dobesilate; CXC, Compound Xueshuantong Capsule; CDDP, Compound Danshen Dripping
Pill; SDMUC, Shuangdan Mingmu Capsule; QG, Qiming Granule; HXMMT, Hexuemingmu Tablet; DHHYK, Danhong Huayu Koufuye; MMDHP,
Mingmu Dihuang Pill.
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herbal medicines, Panax notoginseng (Burkill) F.H.Chen [Araliaceae],

Astragalus mongholicus Bunge [Fabaceae], Salvia miltiorrhiza Bunge

[Lamiaceae], and Scrophularia ningpoensis Hemsl. [Scrophulariaceae],

and its active ingredients are mainly quercetin, luteolin, kaempferol,

and tanshinone Iia, which may be related to the tumor necrosis factor

(TNF) signal pathway, hypoxia-inducible factor-1 signal pathway, and

vascular endothelial growth factor (VEGF) signal pathway in DR (67).

Modern pharmacological studies have shown that CXC can reduce

retinal damage by reducing erythrocyte aggregation and lowering

plasma viscosity, as well as inhibiting aldose reductase activity,

controlling high expression of VEGF, and intercellular cell adhesion

molecule-1 (68, 69). In addition, research has also revealed that CXC

protects against high glucose-damaged retinal vascular endothelial cells,

thereby reducing the blood-retinal intra-retinal barrier damage and

decreasing retinal leakage (9). Compared with other OCPMs, CXC

contains Astragalus mongholicus Bunge [Fabaceae], which could

replenish Qi, lift Yang, promote water, and reduce swelling. These

may explain why CXC is superior to other OCPMs in improving visual

acuity and reducing macular thickness.

The NMA showed that HXMMT+CD had the best effect of

reducing the microaneurysm volume. HXMMT is composed of 18

herbs. Modern pharmacological studies have shown that HXMMT

can effectively inhibit platelet aggregation and adhesion and improve

blood rheology (70, 71). In addition, several clinical studies have

shown that HXMMT can effectively improve fundus hemorrhage and

exudation, and stabilize lesion efficacy in patients with NPDR (72,

73). In vitro experiments, HXMMT can effectively reduce retinal

damage through antioxidant, anti-inflammatory, and anti-angiogenic

properties (74). While there are fewer in vivo studies on HXMMT in

DR, they only study applied HXMMT to rats with branch retinal vein

obstruction and found that it could improve retinal edema and

enhance retinal function by improving retinal microcirculation and

regulating VEGF-a expression (75). Compared with other OCPMs,

HXMMT contains Typha angustifolia L and salvia, which are

commonly used clinically to stop bleeding and resolve blood stasis.

Meanwhile, HXMMT has more therapeutic targets shared by

different active ingredients and more signaling pathways, such as

neuroactive ligand-receptor interaction and chemokine signaling

pathway (71), which may be the reason why HXMMT has the best

efficacy in reducing the microaneurysm volume.

SDMMC+CD may be the best intervention in reducing retinal

hemorrhage area, which is consistent with the previously existing

pairwise Meta-analysis results (76). Published studies have

confirmed that SDMMC can improve glucose dyslipidemia and

blood rheology, reduce oxidative stress, and can effectively improve

fundus signs, protect the retinal structure, and reduce retinal

hemorrhage in patients with DR (77, 78). Experimental studies

have shown that SDMMC can improve the blood rheological status

of DR rats, dilate retinal arteries, and improve retinal blood supply

(79). Compared with other OCPMs, SDMMC contains more blood-

cooling herbs such as Ligustrum lucidum W.T.Aiton [Oleaceae],

Eclipta prostrata (L.) L. [Asteraceae], has been proven to reduce the

inflammatory response and inhibit neovascularization by

decreasing the expression of VEGFA and TNF-a (80). It may

explain the better effect of SDMMC in reducing the retinal

hemorrhage area than other OCPMs.
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ADRs also deserve our attention apart from efficacy. However, the

NMA showed that the OCPMs selected in this study did not cause

serious adverse reactions. To use OCPMs in a manner that will limit

ADRs, we suggest that clinicians applying OCPMs should give different

types of OCPMs according to the actual situation of the patients and

patients should avoid taking OCPMs on an empty stomach.
4.2 Strengths and limitations

To our knowledge, this is the first comprehensive evaluation of

different types of OCPMs alone or in combination with CD for NPDR

using a reticulated meta-analysis, and the recommended ranking order

based on efficacy and safety provides a usable basis for clinicians. Our

study has the following strengths: (1) The screening criteria were strict,

with the study population limited to patients with NPDR and CD as a

fixed control, which ensured the uniformity of disease and interventions,

thus reducing heterogeneity to some extent; (2) TheOCPMs selected are

those recommended in the NHSA and NMPA catalogs to ensure

consistency with the actual clinic. (3) This NMA not only focuses on

efficacy indicators such as the clinical efficiency rate, visual acuity, visual

field gray value, microaneurysm volume, hemorrhage area, andmacular

thickness, but also the incidence of ADRs; (4) This NMA projects the

optimal treatment for each outcome indicator according to SUCRA,

which can be used as a reference for the clinic.

Although the current NMA may fill the gap in the efficacy of

different types of OCPMs for NPDR, there are still some limitations:

(1) The overall risk of the vast majority of studies was rated as “some

concern”. And the criteria for clinical efficacy of included studies were

not completely consistent, though all studies were based on the

improvement of visual acuity and fund signs, so the NMA results

should be interpreted cautiously; (2) The number of studies included

in some interventions was limited, with only two, one, and two RCTs

that included HXMMT, DHHYK, and MMDHP, respectively; (3)

The studies included in the current NMA are all from China, so the

NMA results may not apply to other countries; (4) Some of the

OCPMs contain the same monomers which may exert similar

therapeutic effects and may not fully explain the conclusions

reached in our study. The current data extracted from clinical trials

are incapable of exploring interactive effects of integrative therapies

and combination of multiple herbal substances, further studies

focusing on pharmacological features of OCPMs are needed.
4.3 Implications for future RCTs of OCPMs

A large number of RCTs on OCPMs have been published, but issues

regarding poor reporting and the high potential of bias have attracted

widespread attention (81). We believe that the reasons for the poor

quality of RCTs on OCPMs may include the following: (1) In terms of

policy, the regulatory system for OCPMs is not robust enough. Reports

of phase I, II, and III trials for OCPMs are hardly available in public; (2)

Most RCTs for OCPMs do not have pre-specified study protocols and

prospective registration, and thus lack detailed information on sample

size calculation, randomization procedure, blinding, etc. (3) Most of the

trials did not follow RCT reporting guidelines such as SPIRIT and
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CONSORT (82, 83); (4) Although these OPCMs are currently in regular

clinical use in China, most of the published RCTs are single-center

studies with an early publication year and lack data updates (84).

In order to enhance the reporting and conducting of RCTs for

OCPMs, the following four efforts are needed: (1) The regulatory

system for Chinese patent medicines should be strengthened, and

publication of trial results conducted by pharmaceutical companies

and relevant affiliations should be encouraged by the authority to

improve transparency; (2) Investigators should develop detailed study

protocols in advance and register their trial in the clinical trial

registration platform (https://www.chictr.org.cn/index.aspx); (3)

Protocol of RCTs should be reported according to SPIRIT and final

report should be reported according to the CONSORT statement. (4)

Multicenter and large-sample RCTs for OCPMs are recommended.

Moreover, future research should pay more attention on key

methodological issues and the quality of conducting.
5 Conclusions

This NMA evaluated the efficacy and safety of OCMPs alone or

combined with CD for the treatment of patients with NPDR. The

results showed that OCMPs combined with CD or alone were

efficient in improving visual function and fundus signs in NPDR

patients. In terms of improving the clinical efficacy rate and visual

field gray value, CDDP combined with CD and CDDP alone may be

the best intervention. Regarding improving visual acuity and

reducing macular thickness, CXC combined with CD may be the

most effective treatment option. In terms of reducing microaneurysm

volume and hemorrhage area, HXMMT and SDMMC combined

with CD may be the most effective. The OCPMs could increase

clinical efficacy, and neither had a significantly increased risk of

ADRs. However, regarding the limitations in methodology and

potential risk of bias, more RCTs with high quality are needed to

confirm the evidence of the NMA results. OCPMs should be used

with more caution in clinical practice. Besides, RCTs of OCPMs

should pay more attention on key methodological issues and the

quality of conducting in the future.
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