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Aim: The study aims to systematically assess the efficacy and safety of Gegen
Qinlian decoction in the treatment of type 2 diabetes mellitus.

Methods: We systematically searched a total of nine databases from the time of
creation to 20 March 2023. The quality of the literature was assessed using the
risk of bias assessment tool in the Cochrane Handbook. RevMan 5. 3 and Stata
14.0 were applied to conduct meta-analysis.

Results: A total of 17 studies, encompassing 1,476 patients, were included in the
study. Gegen Qinlian decoction combined with conventional treatment was
found to significantly reduce FBG (MD = -0.69 mmol/L, 95% CI -0.84 to —0.55,
p < 0.01; 17 = 67%, p<0.01), 2hPG (MD = —0.97 mmol/L, 95% Cl -1.13to —0.81, p <
0.01; 12 = 37%, p=0.09), HbAlc (MD = -0.65%, 95% Cl —-0.78 to —0.53, p < 0.01;
12 = 71%, p<0.01), TC (MD = -0.51 mmol/L, 95% Cl -0.62 to -0.41, p <
0.01; 1> = 45%, p=0.09), TG (MD = -0.17mmol/L, 95% Cl —0.29 to —0.05,
p < 0.01; 1> = 78%, p<0.01), LDL-C (MD = -0.38mmol/L, 95% CI -0.53
to —0.23, p < 0.01; 12 = 87%, p<0.01), HOMA-IR (SMD = -1.43, 95% Cl| -2.32
to —0.54, p < 0.01; I = 94%, p<0.01), and improved HDL-C (MD = 0.13 mmol/L,
95% Cl 0.09-0.17, p < 0.01; 1 = 30%, p=0.24). Only three studies explored the
differences in efficacy between GQD alone and conventional treatment in
improving glucose—lipid metabolism and insulin resistance, and some of the
outcome indicators, such as 2hPG and HDL-C, were examined in only one study.
Therefore, the effect of GQD alone on glucose-lipid metabolism and insulin
resistance cannot be fully determined, and more high-quality studies are needed
to verify it. Publication bias analysis revealed no bias in the included studies.

Conclusion: Gegen Qinlian Decoction has certain efficacy and safety in enhancing
glycolipid metabolism and alleviating insulin resistance, potentially serving as a
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complementary therapy for type 2 diabetes mellitus. Rigorous, large-sample,
multicenter RCTs are needed to verify this.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42023413758, PROSPERO CRD42023413758.

KEYWORDS

Gegen Qinlian decoction, type 2 diabetes mellitus, traditional Chinese medicine,
adverse effect, meta-analysis

1 Introduction

Diabetes mellitus is a burgeoning global public health concern.
According to the 10th edition of the IDF Atlas, it is projected that by
2045, approximately 783 million individuals worldwide
(approximately 12.2% of the global population) will be affected by
diabetes, with type 2 diabetes mellitus (T2DM) accounting for over
95% of cases (1). China has the largest number of diabetes patients
in the world, accounting for more than a quarter of the world’s
population, and the overall prevalence of T2DM in China for the
period 2015-2019 has reached 14.92%, according to the Diabetes
Map of China released in 2022 (2). T2DM is characterized by
progressive b-cell insulin secretion loss, chronic hyperglycemia
accompanied by insulin resistance, and metabolic syndrome. It is
intricately linked to genetic factors, inflammation, and metabolic
stress (3). The disease’s advancement leads to detrimental impacts
on vital organs, including the kidneys, heart, retina, blood vessels,
and nerves, often culminating in organ dysfunction or even
mortality (4-6). In 2021, an estimated 6.7 million adults (aged
20-79) succumbed to T2DM or its complications, constituting
12.2% of all deaths in this age group (7, 8). Globally, 9% of health
expenditure is spent on diabetes, amounting to $966 billion (1, 9).
Current treatments for T2DM include lifestyle modifications,
weight loss, glycemic control, lipid lowering, and microcirculation
enhancement (3, 8). However, existing hypoglycemic drugs such as
biguanides, thiazolidinediones, glinides, alpha-glucosidase
inhibitors, dipeptidyl peptidase IV inhibitors, sodium-glucose
cotransporter protein 2 inhibitors, and glucagon-like peptide 1
receptor agonists carry the potential for adverse effects, including
gastrointestinal reactions, vitamin B12 deficiency, genitourinary
tract infections, hypoglycemia, and liver and kidney impairment
(10, 11). Even with good glycemic control, the presence of metabolic
memory still makes it difficult to effectively prevent the emergence
and progression of T2DM and its complications (12, 13). Therefore,
there is a pressing need to identify safer and more
effective treatments.

It has been shown in numerous studies that Chinese herbs have
antioxidant activity, regulating the intestinal flora, alleviating
insulin resistance, and protecting pancreatic islet function

Frontiers in Endocrinology

through multiple pathways, so as to significantly improve the
clinical symptoms and quality of life of patients with T2DM,
reduce the incidence of adverse effects, and consolidate the
clinical efficacy (14-17). For example, berberine, the active
ingredient in Huanglian, can improve insulin resistance in target
tissues, thus exerting a blood glucose-lowering effect (14). Pueraria
Mirifica, the active ingredient of Pueraria Mirifica, can play a role in
lowering glucose by increasing insulin sensitivity and regulating
glucose and lipid metabolism (15). Baicalin, the active ingredient of
Scutellaria baicalensis, exerts hypoglycemic effects by inhibiting
gluconeogenesis (16). Pan Jingqiang examined the effect of GQD
on glucose tolerance in model animals through animal experiments
and found that it has the hypoglycemic effect of sulfonylureas and
has antioxidant activity (17).

Gegen Qinlian Decoction (GQD) is derived from the classical
work “Treatise on Miscellaneous Diseases of the Typhoid Fever”,
comprising Pueraria Mirifica, Scutellaria Baicalensis, Rhizoma
Coptidis, and Licorice. According to the original formula, the ratio
between the four drugs is 8:3:3:2, but the current clinical utilization is
mostly based on the patient’s clinical performance to add or subtract
the dosage of the corresponding drugs. Tong Xiaolin divided patients
into high-, medium-, and low-dose groups (120 g, 72g, and 24g)
through a multi-phase clinical trial and finally found that each dose
group could control blood glucose to a certain extent (18, 19). In a
study by Zhang Jiacheng, it was found that the minimum amount of
water added for GQD decoction was nine times the amount of the
drug mass, and the time of decoction was 50 min; otherwise, it
affected the precipitation of the active ingredients of the drug, thus
affecting the efficacy (20). Its key constituent flavonoids, alkaloids,
and saponins were identified through ultra-high-performance liquid
chromatography and mass spectrometry (21). It has the effect of
clearing the liver, diarrhea, heat, and intestines, and can be applied to
diseases such as acute gastroenteritis, ulcerative colitis, gastroparesis,
colon cancer, diabetes mellitus with lower limb vasculopathy, and
peripheral neuropathy (22-26). Studies have shown its capacity to
modulate gut flora via various molecular mechanisms, along with its
beneficial effects in insulin resistance, glucose and lipid regulation,
anti-inflammatory actions, and antioxidative properties (15, 16, 27,
28). A 2017 meta-analysis comparing the efficacy and safety of
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metformin versus metformin combined with GQD in lowering
glycemia by enrolling five studies including 499 patients with
T2DM found that metformin with GQD had a synergistic effect on
glycemic control when compared to treatment with metformin alone
(29). However, it included a small number of literatures with small
sample size and outcome indicators. Our study aims to furnish
evidence-based medical insights into its role in T2DM management
by comprehensively reviewing randomized clinical trials (RCTs)
employing Cochrane systematic evaluation methodologies.

2 Materials and methods

The reports in this paper are consistent with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA). Our protocol was registered and published on
PROSPERO [CRD42023413758] with the title “The efficacy and
safety of Gegen Qinlian decoction in the treatment of type 2
diabetes mellitus: a systematic review and meta-analysis of

randomized clinical trials”.

2.1 Search strategy

We retrieved from PubMed, EMBASE, Cochrane Library, Web
of Science, Scopus, Wan Fang Database, China Science and
Technology Journal Database (VIP), China National Knowledge
Infrastructure (CNKI), and China Medical Biological Literature
Database (CMB) from the time of inception to 20 March 2023. In
addition, we scoured ongoing studies on the World Health
Organization (WHO) International Clinical Trials Registry
Platform (ICTRP), ClinicalTrials, and the China Clinical Trials
Registry (CHiCTR). The search terms mainly included “gegen
qinlian”, “Gegen Qinlian decoction”, “Gegen Qinlian tang”, “T'ype
2 Diabetes Mellitus”, “Type 2 Diabetes”, and “Diabetes Mellitus,
Non-Insulin Dependent”. The detailed search strategy for the
search terms is described in Supplementary Material.

2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows. (1) For the study design, all
published RCTs of GQD or modified GQD for the treatment of
patients with T2DM were included. Publication language was limited
to English or Chinese. (2) The study objects were individuals with a
diagnosis of T2DM in adults (18 years of age or older). (3) For the
study intervention, GQD or modified GQD was used in the treatment
group in any dosage form and amount. The control group was
provided with placebo or the conventional treatment, including
health education, dietary management, exercise intervention, blood
glucose monitoring, and hypoglycemic medication. The treatment
group may also use interventions from the control group, but must be
consistent with the control group. (4) For the study outcomes,
primary outcomes were fasting blood glucose (FBG), 2-h
postprandial glucose (2hPG), and glycosylated hemoglobin
(HbAlc); secondary outcomes were total cholesterol (TC),

Frontiers in Endocrinology

10.3389/fendo.2023.1316269

triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and homeostasis
model assessment of insulin resistance (HOMA-IR). Safety
outcomes were any adverse events.

The exclusion criteria were as follows: (1) non-RCTs, conference
abstracts, cohort studies, cross-sectional studies, case reports,
guidelines, animal studies, and review articles; (2) other types of
diabetes mellitus and patients with acute metabolic disorders, severe
hepatic or renal impairment, severe cardiovascular disease, pregnancy,
or lactation; (3) as to intervention, exclude studies using traditional
Chinese medicine (TCM) treatments other than GQDj; (4) for
outcomes, those with incorrect data and incomplete measurement of
results; and (5) repeated articles.

2.3 Study selection and data extraction

A database was created using EndNote X20 to manage and filter
database records. Data were extracted by two authors (Yi-Mei Tan and
Shuang-Hua Liu), and any inconsistencies were resolved after a debate
with a third investigator (Qi-Zhi Tang). Data extraction items included
first author, year of publication, study design, diagnostic criteria,
sample size, sex, average age, duration of illness, duration of
treatment, interventions, outcomes, comorbidities, and adverse events.

2.4 Quality assessment

Two authors (Yi-Mei Tan and Shuang-Hua Liu) independently
assessed the risk of bias using the Risk of Bias Assessment Tool from
the Cochrane Handbook. Disagreement was resolved through
discussion with another reviewer (Qi-Zhi Tang). The risk of bias
was assessed through seven dimensions: (1) random sequence
generation, (2) allocation concealment, (3) blinding of participants
and personnel, (4) blinding of outcome assessments, (5) incomplete
outcome data, (6) selective reporting, and (7) other biases.

2.5 Statistical analysis

Meta-analysis was performed using RevMan 5. 3 and Stata 14.0.
Relative risk ratios (RR) were used for dichotomous variables. For
continuous variables, mean difference (MD) was used when the
units of the outcome indicator were the same; otherwise,
standardized mean difference (SMD) was used, and 95%
confidence intervals (CI) were given. The chi® test and I? test
were used to test for heterogeneity among studies. If p < 0.05 and
I’ 50%, this indicates statistically significant heterogeneity between
studies; thus, a random effects model was used. We planned to
explore the sources of heterogeneity and judge the stability by
performing subgroup analyses and sensitivity analyses. We
performed meta-regressions on the outcome metrics including
more than 10 studies (FBG, 2hPG, and HbAlc) in terms of
sample size, year of publication, and average age. In addition, we
performed funnel plot and Egger’s linear regression tests for
publication bias for FBG, 2hPG, and HbAlc, and p<0.05 was
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considered statistically significant, indicating possible publication
bias. We conducted subgroup analyses based on the following
predefined subgroup hypotheses: (1) average age (<60 years or
>60 years), (2) duration of T2DM (<5 years or >5 years), and (3)
duration of treatment (<2 months or >2 months).

3 Results
3.1 Search results

A total of 1,455 studies were retrieved through a database
search. Three original texts were not available because they were
missing from the database export. After removing 832 duplicates,
507 studies were excluded after checking the titles and abstracts of
620 citations. The full text of the remaining 113 studies was read,
and 96 studies were excluded based on inclusion and exclusion
criteria. Ultimately, 17 eligible studies were included in the
quantitative analysis. Details of the literature screening procedure
are shown in Figure 1.

3.2 Characteristics of the included studies

A total of 17 studies including 1,476 patients with T2DM were
included, 830 men and 646 women (30-46). All studies were
conducted in China and spanned from 2012 to 2022. The average
age of the participants ranged from 36.4 to 71.9 years old, the
duration of the disease ranged from 0.26 to 12.5 years, and the
treatment period varied from 3 weeks to 3 months. There were nine
studies with treatment groups using the original GQD; the others
used modified GQD. The composition of GQD or modified GQD is
shown in Supplementary Material. There were 13 studies where the
treatment group was treated with GQD or modified GQD
combined with conventional treatment. While there were three
studies that the treatment group was treated with GQD or modified
GQD. Only one study adopted a placebo-controlled clinical trial
design approach. GQD or modified GQD is prescribed as one dose
once or twice a day. Doses of s range from 9 g to 60 g, Scutellaria
baicalensis and Rhizoma Coptidis from 6 g to 22.5 g, and licorice
from 4 g to 15 g. The basic characteristics of the included studies are
shown in Table 1.

3.3 Risk of bias assessment

Three studies did not report the specific methodology used in the
generation of the randomized sequences (33-35). Randomization
method of allocation concealment was described in three studies (32,
40, 45). One study used a stratified randomized, double-blind,
placebo-controlled, multicenter clinical trial design methodology
(45). One study did not report the number of patients at the end of
the study (35). None of the studies described the blinding of outcome
assessment, selective reporting. Overall, the methodological quality of
the included literature was suboptimal. The results of the risk of bias
assessment of the included studies are shown in Figure 2.
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3.4 Outcomes

3.4.1 GQD combined with conventional
treatment vs. conventional treatment
3.411FBG

A total of 13 studies were included, comprising 1,110 patients with
T2DM. According to the heterogeneity test (p<0.01, I* = 67%), a random
effects model was selected for statistical analysis. It showed that GQD
combined with conventional treatment resulted in lower FBG compared
to conventional treatment (MD=-0.69 mmol/L, 95% CI —0.84 to —0.55,
p<0.01) (Figure 3A). We conducted meta-regressions; the results showed
that there were no significant differences in FBG by average age
(p=0.597), sample size (p=0.971), or year of publication (p=0.934)
(Figure 4). The results of subgroup analyses showed that heterogeneity
within each subgroup was not completely reduced. BMI and
comorbidities may be a source of heterogeneity, and more higher-
quality studies need to be conducted to prove it. We also conducted
sensitivity analyses, and the results were shown to be robust (Figure 5A).

3.4.1.2 2hPG

All 13 studies were included. According to the heterogeneity test
(p=0.09, I? = 37%), a fixed-effects model was selected. The results
showed that GQD combined with conventional treatment resulted
in a reduction in 2hPG compared to conventional treatment group
(MD=-0.97 mmol/L, 95% CI —-1.13 to —0.81, p<0.01) (Figure 3B).
GQD may reduce 2hPG in patients with different treatment
durations, disease duration, and ages. We also performed
sensitivity analyses, and the results were robust (Figure 5B).

3.4.1.3 HbAlc

A total of 13 studies were included. According to the
heterogeneity test (p<0.01, I* = 71%), a random effects model was
selected. The results showed that GQD combined with conventional
treatment reduced HbAlc compared with conventional treatment
(MD=-0.65%, 95% CI -0.78 to —0.53, p<0.01) (Figure 3C). Meta-
regression results showed no significant differences in HbAlc by
average age (p=0.815), sample size (p=0.651), or year of publication
(p=0.072) (Figure 6). The heterogeneity within each subgroup was
still high. We assumed that levels of pancreatic islet function may
also be a source of heterogeneity. More high-quality studies are
needed to further substantiate this. We performed sensitivity
analyses, and the results were shown to be robust (Figure 5C).

3.4.14TC

A total of seven studies containing 602 patients were included. A
fixed-effects model was selected according to the heterogeneity test
(p=0.09, > = 45%). The results showed that GQD combined with
conventional treatment was superior to conventional treatment in
lowing TC (MD=-0.51 mmol/L, 95% CI -0.62 to —0.41, p < 0.01)
(Figure 3D). Subgroup analyses showed that GQD reduced TC in
different disease duration and treatment times. We also performed
sensitivity analyses, by excluding the study (25); I* was reduced from
45% to 1%, but the pooled results were unchanged. The results were
shown to be robust (Figure 5D).
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3.415TG 3.4.1.7 LDL-C

A total of six studies containing 526 patients were included. A
random effects model was selected based on the heterogeneity test
(p<0.01, I* = 78%). The results showed that GQD combined with
conventional treatment was superior in the reduction in TG (MD=
—0.17 mmol/L, 95% CI -0.29 to —0.05, p<0.01) (Figure 3E). Subgroup
analyses showed no statistically significant difference in TG lowering
within the subgroup disease duration >5 years and treatment duration
>2 months, suggesting that these factors may be a source of
heterogeneity. Sensitivity analyses showed similar pooled effect sizes,
and the results were robust (Figure 5E).

3.4.1.6 HDL-C

A total of three studies with 276 patients were included. A fixed-
effects model was selected based on the heterogeneity test (p=0.24,
1> = 30%). The results showed that GQD combined with
conventional treatment significantly improved HDL-C (MD=0.13
mmol/L, 95% CI 0.09-0.17, p<0.01) (Figure 3F). Sensitivity analysis
shows the results to be robust (Figure 5F).
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A total of seven studies including 602 patients were included. A
random-effects model was selected according to the heterogeneity
test (p<0.01, I* = 87%). The results showed that the GQD combined
with conventional treatment was superior to the reduction in LDL-
C (MD=-0.38 mmol/L, 95% CI -0.53 to —0.23, p<0.01) (Figure 3G).
Subgroup analysis showed that GQD combined with conventional
treatment reduced LDL-C in different disease duration and
treatment times, but heterogeneity remained high. Sensitivity
analyses showed the results to be robust (Figure 5G).

3.4.1.8 HOMA-IR

A total of five studies including 478 patients were included. A
random effects model was selected based on the heterogeneity test
(p<0.01, I* = 94%). The results showed that GQD combined with
conventional treatment had advantages in improving HOMA-IR
(SMD=-1.43, 95% CI -2.32 to —0.54, p<0.01) (Figure 3H). Within
the subgroups with a disease duration >5 years and a treatment
duration >2 months, the effect size was not statistically significant,
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TABLE 1 The characteristics of the included studies.

Study Chen FM Chen XH Fan YF (2017) [ JinJ (2019) [ |
(2022) (2022) [ 1]
130
Study design RCT RCT RCT RCT RCT RCT
Diagnostic 2017 CDS 2017 CDS 1999 WHO 1999 WHO NR 1999 WHO
criteria
Sample size 76/76; 38/38 80/80; 40/40 90/81; 70/70; 35/35 60/60; 30/30 110//110; 55/55
(randomized/ 41/40
analyzed)
(E/C)
Gender (M/F) 20/18; 21/17 24/16; 23/17 20/21; 21/14; 19/16 17/13; 15/15 29/26; 26/29
(E/C) 23/17
Average age 45.46 + 3.11; 71.23 + 1.94; 71.02 49.5; 59.5 36.4 +7.1;38.0 £ 6.5 55.78 + 4.27; 55.41 + 9.48; 53.84 + 10.54
(years) (E/C) 45.52 + 3.25 +1.83 55.61 + 4.06
Course of 2.98 = 0.12; 4.57 + 1.71; 4.83 7.5, 7.5 0.26 + 0.14; 0.28 £ 0.13 5.22 + 1.60; NR
disease (years) | 2.99 +0.13 + 1.65 5.19 + 1.66
(E/C)
Treatment 8 weeks 12 weeks 8 weeks 8 weeks 8 weeks 8 weeks
duration
Co- Diet Diet and exercise Diet Diet and exercise NR Diet
intervention and exercise and
exercise
Treatment GQD 1 dose/ Modified GQD 1 Modified GQD 1 dose/per day, GQD 1 GQD 1 dose/per day,
group per day, bid dose/per day, bid GQD, qd bid dose/per bid
interventions + CG + CG + CG day,
bid + CG
Control No drug Metformin, Metformin, Metformin, 0.85g, bid Saxagliptin, Metformin, 0.5g, tid
group 0.25g, tid 0.5g, tid 5mg, qd
interventions
Outcome [00©]
index
Baseline NSD NSD NSD NSD NSD NSD
difference
Country China China China China China China
Funding NR NR NR National Youth Natural NR Zhejiang Provincial Medical and Health
Science Funding Science and Technology Program
Project (81603585) Project (2017ZD007)
Jadad score 3 3 6 2 2 2
Wang L (2021) [ Xiong QJ
(2020) [ 1 (2019) [ 1

Study design RCT RCT RCT RCT RCT RCT
Diagnostic criteria 2017 CDS 2011 CDS 2017 CDS NR 2017 CDS 2013 CDS
Sample size 88/88; 100/100; 50/50 80/80; 80/80; 40/40 60/56; 100/100; 50/50
(randomized/analyzed) 44/44 40/40 27/29
(E/C)
Gender (M/F) (E/C) 23/21; 30/20; 29/21 23/17; 22/18; 23/17 13/14; 29/21; 30/20

22/22 22/18 15/14
Average age (years) (E/C) 52.13 = 49.36 + 4.64; 48.97 + 4.52 55.75 + 54.4 + 3.6; 53.6 £ 3.2 64.74 + 53.65 *+ 7.65; 53.50 + 7.80

3.26; 52.07 3.56; 56.46 10.05; 66.14

+3.72 +3.35 +9.16

(Continued)
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TABLE 1 Continued

Wang L (2021) [ ] Wang Y Xiong QJ
(2020) [ 1 (2019) [ 1
Course of disease (years) 1.51 £ 0.49; 0.40 + 0.03; 0.40 + 0.02 223 + 49 +12;48+13 2;2 4.85 + 1.05; 4.75 + 1.10
(E/C) 1.29 £ 0.33 1.16; 2.14
+1.01
Treatment duration 3 months 3 months 3 months 3 weeks 8 weeks 8 weeks
Co-intervention Diet Diet and exercise Diet NR Diet Diet and exercise
and and and
exercise exercise exercise
Treatment Modified Modified GQD GQD Modified GQD Modified Modified GQD
group interventions GQD 1 dose/per day, bid + CG 1 dose/per 1 dose/per day, bid + CG = GQD 1 dose/per day, bid + CG
1 dose/per day, bid 1 dose/per
day, bid +CG day, bid
+ CG
Control group Metformin, Metformin, 0.25-0.5g, Sitagliptin Metformin, 0.5g, tid Metformin, Metformin, 0.25g, tid
interventions 0.5g, tid bid/tid Phosphate 0.5g, bid
Tablets,
100mg, qd
Outcome index [0 (006}
Baseline difference NSD NSD NSD NSD NSD NSD
Country China China China China China China
Funding NR NR NR NR NR NR
Jadad score 3 3 3 3 5 3

ZhangJd | Zhang LN Zhong XF Zhou A (2012) [ |1 Zhou XY (2020) [ 1]

(2018) (2019) (2021) [ 1
[ ]
Study design RCT RCT RCT RCT RCT
Diagnostic NR 2013 CDS 2017 CDS 1999 WHO 2017 CDS
criteria
Sample size 95/95; 48/47 172/1724 40/40; 20/20 98/98; 50/48 90/90; 45/45
(randomized/ 86/86
analyzed) (E/C)
Gender (M/F) 26/22; 25/22 51/35; 53/33 12/8; 13/7 33/17; 30/18 26/19; 22/23
(E/C)
Average age 513 + 6.8; 4828 +1092;  71.90 + 1.05; 54.16 + 8.18;50.73 + 9.40  44.2 + 8.2;46.1 + 7.8
(years) (E/C) 512473 48741108 71.87 + 1.03
Course of 54+ 23556 NR 5.13 + 0.35; 5.12 2.14 +2.63; 1.44 + 1.77 125+ 6.4; 114 + 5.4
disease (years) +2.1 +0.34
(E/C)
Treatment 8 weeks 8 weeks 3 months 3 months 12 weeks
duration
Co- NR Diet Diet and exercise Diet and exercise Diet and exercise
intervention and exercise
Treatment GQD GQD Modified GQD GQD GQD
group 1 dose/per 1 dose/per 1 dose/per day, 1 dose/per day, bid 1 dose/per day, bid + CG
interventions day + CG day, bid + CG = bid + CG
Control Metformin, Metformin, Intensive insulin placebo 1 dose/per day, bid = Liraglutide 0.6 mg in week 1, and 1.2 mg from week 2.
group 0.5g, qd 0.25-0.5g, therapy, 1 month;
interventions bid/tid Metformin, 0.5g,
bid, 2 months

(Continued)
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ZhangJd | Zhang LN Zhong XF Zhou A (2012) [ ] Zhou XY (2020) [ 1]
(2018) (2019) (2021) [ 1]
142
Outcome index [@e6]
Baseline NSD NSD NSD NSD NSD
difference
Country China China China China China
Funding NR NR NR NR Natural Science Foundation of Hubei Province (2018CFB546)
Jadad score 3 3 3 6 4

E Experimental group; C Control group; M male; F female; RCT, randomized controlled trial; ADA, american diabetes association; WHO, world health organization; CDS, chinese diabetes
society; NR, not reported; GQD, gegen qinlian decoction; CG, control group interventions; NSD, no significant difference; TCM, traditional Chinese medicine; Outcome index: ®FBG; @2hPG;

®HbAl¢; @TC; @TG; ®HDL-C; @LDL-C; ®HOMA-IR.

but heterogeneity was still large. We supposed that individual
differences and measurement bias may be associated with
heterogeneity. We performed sensitivity analyses, which turned out
to be robust (Figure 5H).

3.4.2 GQD vs. conventional treatment
3.4.2.1FBG

A total of three studies were included, containing 268 patients.
According to the heterogeneity test (p=0.75, I* = 0%), a fixed-effects
model was selected for statistical analysis. The results showed that
GQD led to a reduction in FBG compared to conventional treatment
(MD=-0.71 mmol/L, 95% CI —-1.34 to —0.32, p < 0.01) (Figure 7A).
Within the disease duration subgroup, a study (30) was not statistically
significant, probably because of its lack of data on disease duration,

Random sequence generation (selection bias)

Allocation concealment (selection bias)

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

Selective reporting (reporting hias) [

which did not clear its effect on FBG. We conducted sensitivity
analyses, and the results showed that the study is robust (Figure 5I).

3.4.2.2 2hPG

One study included 110 patients, which showed that there was no
significant difference between GQD and conventional treatment in
lowering 2hPG (MD=-1.17 mmol/L, 95% CI -2.81 to 0.4, p=0.16).

3.4.2.3 HbAlc

A total of three studies were included. According to the
heterogeneity test (p=0.14, I* = 50%), a random effects model was
selected. Results showed no significant difference in the reduction in
HbAIc in two groups (MD=-0.10%, 95%CI —0.23 to 0.03, p=0.13)
(Figure 7B). According to subgroup analysis, treatment time may be
a source of heterogeneity. We performed sensitivity analyses

==

Other bias
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FIGURE 2

Risk of bias assessment for included studies: (A) risk of bias graph; (B) risk of bias summary.
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Forest plot of the GQD combined with conventional treatment vs. conventional treatment (A) FBG; (B) 2hPG; (C) HbAlc; (D) TC; (E) TG; (F) HLD-L;

(G) LDL-C; and (H) HOMA-IR.

(Figure 5]), by excluding the literature (28); I was decreasing from
50% to 6%, with a reversal of the pooled result (MD=-0.16, 95% CI
-0.29 to —0.03, p=0.02), suggesting that the result is not robust. This
study (28) has a larger weight in the pooled results due to its
narrower confidence intervals and smaller standard deviation.
Therefore, perhaps GQD is superior to conventional treatment in
lowering HbAlc; more studies are needed to confirm this.

3.424TC

A total of three studies were included. A random-effects model
was selected for statistical analysis according to the heterogeneity
test (p=0.001, I? = 85%). There was no significant difference in TC
reduction in two groups (MD=-0.16 mmol/L, 95% CI —0.65 to 0.32,

p=0.51) (Figure 7C). Within the subgroups of different treatment
durations, a study (31) showed that GQD was superior in lowering
TC (p<0.01), and heterogeneity was significantly reduced between
groups. Treatment duration may be a source of heterogeneity. We
performed sensitivity analyses, by excluding the study (31); I* was
reduced from 85% to 0%, and the pooled results were unchanged.
The results were shown to be robust (Figure 5K).

3425TG

A total of two studies with 198 patients were included. A fixed-
effects model was selected for statistical analysis according to the
heterogeneity test (p=0.95, I = 0%). The results showed that GQD
was more advantageous than conventional treatment in lowering
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Sensitivity analysis: GQD combined with conventional treatment vs. conventional treatment: (A) FBG; (B) 2hPG; (C) HbAlc; (D) TC; (E) TG; (F) HLD-L;
(G) LDL-C; and (H) HOMA-IR. GQD vs. conventional treatment: (I) FBG; (J) HbAlc; (K) TC; and (L) LDL-C.

TG (MD=-0.21 mmol/L, 95% CI -0.31 to —0.11, p<0.01)
(Figure 7D). Switching to a random effect model did not change
the significance of the result, suggesting that the result was robust.

3.4.2.6 HDL-C
A study including 88 patients showed that GQD was superior in
improving HDL-C (MD=0.30 mmol/L, 95% CI 0.14-0.46, p<0.01).

3.4.2.7 LDL-C

A total of three studies were included. A fixed-effects model was
selected according to the heterogeneity test (p=0.70, I* = 0%). The
results showed that GQD had a stronger effect on lowering LDL-C

Frontiers in Endocrinology

compared with conventional treatment (MD = —0.23 mmol/L, 95%
CI -0.36 to —0.11, p < 0.01) (Figure 7E). The study (30) showed no
difference in reducing LDL-C between two groups. However, more
high-quality studies are needed, limited by the number of studies
and the lack of data. A sensitivity analysis was conducted, and the
results showed that the study was robust (Figure 5L).

3.4.2.8 HOMA-IR

A total of two studies containing 158 patients were included.
A random-effects model was selected according to the heterogeneity
test (p<0.01, I = 96%). The results showed that there
was no significant difference in HOMA-IR between two groups
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(C) publication year.

(MD=-1.80, 95% CI -3.77 to 0.16, p=0.07) (Figure 7F). The results
are statistically different after switching to a fixed effects model,
suggesting that the results are not robust. Due to the small number
of studies and the wide variation in results, we are not able to
determine the efficacy of GQD in HOMA-IR.

3.4.3 GQD vs. placebo

Only one study including 98 patients adopted a placebo-
controlled clinical trial design approach. GQD reduced FBG and
HbAlc compared to placebo, but there was no statistically
significant difference in 2hPG. There was no significant difference
between two groups when comparing post-treatment and baseline
lipid levels.

3.5 Adverse events

Adverse events were reported in 10 of the 17 included studies.
The results of two studies showed that adverse events were
significantly lower in the combination group than in the
conventional treatment group (44, 46). The results of other
studies showed that the incidence of adverse events with GQD
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alone or in combination with conventional treatment was not
significantly different from that of the conventional treatment
group or the placebo group. A summary table of adverse events is
available in Supplementary Material. The results of the meta-
analysis of adverse events suggest that GQD is relatively
safe (Figure 8).

3.6 Publication bias

Funnel plots and Egger’s test were used to assess publication
bias for FBG, 2hPG, and HbAlc (Figure 9). Funnel plots for
HbA1c showed all but one study clustered on the top of the funnel
plots, and two studies deviating from the pooled effect sizes,
suggesting that there may have been heterogeneity among the
studies. The Egger’s test showed no statistical difference
(p=0.209), indicating that there was no significant publication
bias in the studies of HbAlc. The funnel plots of FBG and 2hPG
showed roughly symmetrical distributions, consistent with the
results of Egger’s test (p=0.153 and 0.851, respectively), suggesting
that there was no significant publication bias in the studies of FBG
and 2hPG.
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Forest plot of the adverse events.

4 Discussion

4.1 The main results of this study

T2DM is a group of metabolic diseases characterized by chronic
hyperglycemia caused by multiple etiologies, which is due to
defective insulin secretion and/or utilization (47, 48). Lots of
studies have found that GQD has the efficacy of regulating
glycolipid metabolism and improving clinical symptoms (47, 49).

In this study, we included 17 studies and analyzed the efficacy and
safety of GQD in the treatment of T2DM. Our main finding was that
GQD combined with conventional treatment could reduce FBG, 2hPG,
and HbAlc. GQD alone has an adjunctive hypoglycemic effect, but the
quantity and quality of the included literature is small, and more high-
quality studies are needed to confirm this. We suppose GQD combined
with conventional treatment can be a useful complementary treatment
for T2DM. There was a large heterogeneity in the results of FBG and
HbA1lc in the GQD combined with conventional treatment. We did
not find sources of heterogeneity through meta-regression and
subgroup analysis. BMI, comorbidities, and islet function are likely
sources of heterogeneity. In addition, methodological shortcomings of
the included studies, such as lack of blinding and allocation
concealment, may have contributed to heterogeneity.

In terms of lipid metabolism, combination treatment was
superior to conventional treatment in reducing TC, TG, and
LDL-C and improving HDL-C. This suggests that patients with
T2DM combined with abnormal lipid metabolism can benefit not
only in terms of lowering blood glucose but also improving lipid
metabolism with GQD combination treatment. GQD alone had
some adjunctive improvement in lipid metabolism, but due to the
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limited number of included studies, we do not know whether GQD
alone has an improved effect on lipid metabolism.

In addition, GQD combined with conventional treatment was
better than conventional treatment in reducing HOMA-IR.
HOMA-IR is highly heterogeneous; subgroup analyses did not
identify sources of heterogeneity. We hypothesize that the
heterogeneity may be related to individual differences, or it may
be measurement bias caused by differences in insulin assay
methods. In addition, the quality of the studies that we included
was low, possibly because of the lack of blinding and allocation
concealment leading to heterogeneity. The available research
suggests that GQD improves islet function and controls blood
glucose levels in T2DM patients (50, 51). But due to the small
number of studies, it is not clear whether GQD alone has an
improving effect on HOMA-IR, and more studies are needed to
demonstrate this.

Adverse events were assessed in 10 of the 17 included studies.
All of the adverse reactions reported in the studies resolved on their
own, and no speciﬁc treatment was given. No serious adverse events
were observed. The meta-analysis results suggest that GQD is
relatively safe if used correctly. We performed funnel plots and
Egger’s test for FBG, 2hPG and HbA1c, and no publication bias was
found, suggesting that the results have some reliability.

4.2 Research on possible mechanisms
GQD can improve insulin resistance by activating the

expression of GPR119, promoting the secretion of intestinal GLP-
1 (28), increasing the serum superoxide dismutase (SOD) content,
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and decreasing the level of malondialdehyde (MDA) (14), and
improving the inflammatory factors, such as PS, TNF-o, and IL-
6, and regulating the structure of intestinal flora (16, 25, 27, 52)
Through network pharmacology and bioinformatics analysis, GQD
modulated 82 diabetes-related proteins and 59 diabetes-related
biological pathways. Among them, modulation of the ESR1
signaling pathway plays an important role in the mechanism of
GQD treatment of T2DM (53). Zhou et al. suggested that GQD may
protect pancreatic islet 3-cells by increasing the activity of the IRS-
2/PI3K-Akt signaling pathway (54).

5 Limitations of this study

First, the overall quality of the included studies was poor, with
the method of randomization unclear in most of them, and detailed
information on blinding, allocation concealment, selective
reporting, and registration of procedures was not provided.
Second, the small sample sizes of the included studies and the
lack of indication of the basis for sample size estimation may lead to
reduced test efficacy. Third, some studies lacked baseline
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characteristics, such as disease duration and BMI, and most did
not report comorbidities. Finally, all studies included were
conducted in China, which may have potential publication bias.
Due to these limitations, the standardization and overall level of
clinical research must be improved. To improve the quality of
reporting of RCTs, it is recommended that clinical trials be
conducted in strict accordance with the latest Comprehensive
Standards of Trial Reporting (CONSORT) statement.

6 Directions for future research

The generally low methodological quality of the studies included in
this systematic evaluation, the small sample sizes of the studies, and the
lack of baseline characteristics of some of the studies reduced the level
of recommendation and the strength of evidence for the systematic
evaluation. Therefore, future clinical study reports should pay attention
to the following points. @ Clinical studies should describe in detail the
specific protocol of randomization. @ There should be concealment of
the randomization protocol. ® Detailed records should be kept on the
withdrawal of cases during the study period and loss of visits, and strict
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procedures should be established for the treatment and reporting of
adverse events. @ Due to the special characteristics of Chinese medicine
soup, placebo and simulant preparation technology is still imperfect, so
it is more difficult to implement the blinding method, but for granules
and capsules, the blinding method should be implemented and the
impact of the blinding method on the evaluation of the results could be
described. Therefore, such interventions could be used in future clinical
studies. ® Clinical research should be carried out beforehand to
estimate the sample size and explain the basis for the improvement
of the test effectiveness. In addition, we should standardize the
reporting of adverse reactions to Chinese medicines by adopting the
method of combining disease and evidence.

7 Conclusion

In summary, this meta-analysis found that GQD can be used in
the treatment of type 2 diabetes mellitus, which has the efficacy of
assisting in lowering glucose and regulating lipids, and improving
the function of pancreatic islets. Meanwhile, GQD is relatively safe.
However, this finding still needs further validation due to the limit
of the number of included studies, sample size, and methodology of
studies, and further high-quality, large-sample, double-blind,
multicenter RCTs are needed to provide more reliable evidence
for the clinical application of GQD.
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