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Objective. Rhizoma Coptidis is an herb that has been frequently used in many traditional formulas for the treatment of diabetic
mellitus (DM) over thousands of years. Berberine, the main active component of Rhizoma Coptidis, has been demonstrated to
have the potential effect of hypoglycemia. To determine the potential advantages of berberine for diabetic care, we conducted
this systematic review and meta-analysis to examine the efficacy and safety of berberine in the treatment of patients with type
2 DM. Methods. Eight databases including PubMed, Embase, Web of Science, the Cochrane library, China National Knowledge
Infrastructure (CNKI), Chinese Biomedical Database (SinoMed), Wanfang Database, and Chinese VIP Information was
searched for randomized controlled trials (RCTs) reporting clinical data regarding the use of berberine for the treatment of
DM. Publication qualities were also considered to augment the credibility of the evidence. Glycemic metabolisms were the
main factors studied, including glycosylated hemoglobin (HbAlc), fasting plasm glucose (FPG), and 2-hour postprandial blood
glucose (2hPG). Insulin resistance was estimated by fasting blood insulin (FINS), homeostasis model assessment-insulin
resistance (HOMA-IR), and body mass index (BMI). Lipid profiles were also assessed, including triglyceride (TG), total
cholesterol (TC), low-density lipoprotein (LDL), and high-density lipoprotein (HDL), along with inflammation factors such as
C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-«). Serum creatinine (Scr), blood urea
nitrogen (BUN), and adverse events were applied to evaluate the safety of berberine. Results. Forty-six trials were assessed.
Analysis of berberine applied alone or with standard diabetic therapies versus the control group revealed significant reductions
in HbAlc (MD =-0.73; 95% CI (-0.97, —0.51)), FPG (MD = —0.86, 95% CI (~1.10, —0.62)), and 2hPG (MD = —1.26, 95% CI
(~1.64, —0.89)). Improved insulin resistance was assessed by lowering FINS (MD = -2.05, 95% CI (-2.62, —1.48)), HOMA-IR
(MD =-0.71, 95% CI (-1.03, —0.39)), and BMI (MD =-1.07, 95% CI (-1.76, —0.37)). Lipid metabolisms were also ameliorated
via the reduction of TG (MD =-0.5, 95% CI (-0.61, —0.39)), TC (MD = 0.64, 95% CI (-0.78, —0.49)), and LDL (MD = 0.86,
95% CI (-1.06, —0.65)) and the upregulation of HDL (MD =0.17, 95% CI (0.09, 0.25)). Additionally, berberine improved the
inflammation factor. Conclusion. There is strong evidence supporting the clinical efficacy and safety of berberine in the
treatment of DM, especially as an adjunctive therapy. In the future, this may be used to guide targeted clinical use of berberine
and the development of medications seeking to treat patients with T2DM and dyslipidemia.
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1. Introduction

Diabetes mellitus (DM) is a chronic, noncommunicable dis-
ease that has become a worldwide threat to public health.
The global prevalence of DM has been remarkably increased
to 463 million among adults and has been predicted to surge
to about 700 million by the year 2045. In 2019, approxi-
mately 4.2 million adults had an estimated cause of death
related to diabetes and its complications. This comes out to
about one death every eight seconds [1]. Though 10% of
the global health expenditure is currently spent on DM, this
disease remains in the top 4 causes of noncommunicable
disease deaths [2]. Thus, it is essential to explore more effec-
tive and safe strategies for the prevention and treatment of
DM. China currently has the largest number of type 2 dia-
betic patients, so this condition has become a leading public
health challenge in China [3].

In addition, with the development of society and the
change of diet structure, the characteristics of the diabetic
population are changing. The classic symptoms, like poly-
dipsia, polyphagia, polyuria, and weight loss, are less often
recognized in those with type 2 diabetes mellitus (T2DM).
It has been reported that 44% of type 2 diabetic respondents
had no classic symptoms in the previous year [4]. Moreover,
patients with T2DM are more likely to be overweight or
obese, which indicates insulin resistance and dyslipidemia
along with hyperglycemia [5, 6]. For T2DM patients, glyce-
mic or lipid values and their variability can significantly pre-
dict all-cause mortality and the occurrence of complications,
including micro- and macrovascular complications [7, 8].
Growing evidence has indicated that chronic inflammation,
hyperglycemia, and dyslipidemia are all involved in insulin
resistance, pathogenesis of T2DM, and systematic diabetic
complications [9, 10]. In T2DM patients, IL-6 and TNF-«
levels are strikingly increased. This is also associated with a
downregulation of several drug metabolizing enzymes,
which leads to poor drug effects [11].

Huanglian (Rhizoma Coptidis) is an herb that has been
frequently used in many traditional formulas for the treat-
ment of T2DM. This treatment has been used for thousands
of years. Alkaloids from Huanglian have been widely used
for the treatment of diabetes and hyperglycemia with incon-
spicuous toxicities and side effects [12]. Among the different
alkaloids, berberine is an important lead compound with a
wide spectrum of pharmacological activities, including anti-
tumor, anti-inflammatory, hypoglycemic, hypolipidemic,
and antiobesity effects [13]. Additionally, evidence has
shown that berberine regulates the gut microbiota as well
[14, 15], which is closely associated with systematic inflam-
mation that adds to the progression of T2DM. Systematic
reviews have previously reported the efficacy of berberine
on the regulation of glycemic and lipid metabolisms [16,
18]. However, its comprehensive effects on glycemic metab-
olisms, lipid profiles, and inflammation factors of patients
with T2DM have not been well evaluated. Since berberine
is the main active component of Rhizoma Coptidis, we con-
ducted this meta-analysis to comprehensively evaluate the
efficacy and safety of berberine and Rhizoma Coptidis on
T2DM.
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2. Methods

2.1. Search Strategy and Study Selection. This study was per-
formed according to the Cochrane Handbook for Systematic
Reviews of Interventions and was reported according to Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) [19]. The protocol has been registered
on PROSPERO as CRD42020155086.

The literature research was conducted with the use of the
following eight databases with no time restriction: PubMed
(up to March 29 2021), Embase (up to March 29, 2021),
Web of Science (ended up to March 29, 2021), the Cochrane
library (up to March 29, 2021), China National Knowledge
Infrastructure (CNKI) (up to April 14, 2021), Chinese Bio-
medical Database (SinoMed) (up to April 14, 2021), Wan-
fang Database (up to April 14, 2021), and Chinese VIP
Information (up to April 14 2021). The MeSH and free-
text terms were applied based on the characteristics of spe-
cific database as follows: berberine, huanglian, Rhizoma Cop-
tidis, traditional Chinese medicine, diabetes mellitus, insulin
resistance, and randomized controlled trials. No restrictions
on publication language or date were set. The terms were
searched as “diabetes mellitus” OR “insulin resistance” OR
“metabolic syndrome” OR “Xiaoke syndrome” AND “TCM”
OR” Traditional Chinese Medicine” OR “herbal medicines”
OR “plant medicines” OR “berberine” OR “huanglian” OR
Coptidis “ AND “randomized controlled trial” OR “con-
trolled clinical trial” OR “random” OR “double-blind” OR
“single-blind.” The full electronic search strategy for PubMed
was provided in Supplementary Files 1 according to the
search history.

The included clinical studies fulfilled the following
criteria:

(1) Types of studies: only RCTs were eligible for this
review. Single-blinded and open label trials were also
considered. The sample size was greater than or
equal to 60 participants, and the intervention dura-
tion was no less than four weeks

(2) Types of participants: adults aged 18 years or older
with T2DM or prediabetes were included

(3) Types of interventions: intervention with berberine
or Rhizoma Coptidis was considered. The control
intervention included placebo, life interventions
such as changes in exercise or dietary habits, or any
active antihyperglycemia intervention

(4) Types of outcomes: primary outcomes included
glycosylated hemoglobin (HbAlc), fasting plasma
glucose (FPG), and 2-hour postprandial plasma
glucose (2hPG)

Secondary outcomes included insulin resistance and the
associated index of fasting plasma insulin, homeostasis
model assessment-insulin resistance (HOMA-IR), and body
mass index (BMI). Lipid profiles include triglyceride, total
cholesterol, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) along with inflammation markers,
such as C-reactive protein.


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020155086
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Records identified from: databases
(n=5916)
Pubmed: 648; Embase: 154:
Web of Science: 953;
Cochrane library: 113; CNKI: 1657:

Wangfan:764; VIP: 840;
Sinomed: 788.

Identification

_ | Records removed before screening:
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Records screened
(n=4388)

duplicate records removed
(n=1575)

Records excluded in title and

v

abstract screening

(n=4188)
Reports sought for retrieval _ Reports not retrieved
= (n=196) " =
£ (n=4)
<
L
; .
A
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(n=17)
The same of patients reported twice
(n=5)
) v Ineligible interventions
- Studies included in review (n=22)
2 (n = 46) Abstract (n = 3)
= Error data(n = 1)
S Reports of included studies
(n=46)

FiGure 1: Flow diagram.

Safety outcomes included the incidence of adverse reac-
tions and adverse reactions.
The excluded criteria were as follows:

(1) Other TCM treatments applied in either the treat-
ment or control group

(2) If the publication was a review, an abstract, a proto-
col, or had no outcomes of interest, it would not be
considered

(3) Full texts were not available

2.2. Data Collection and Analysis. Titles and abstracts were
screened independently by two investigators. The NoteEx-
press 3.4 literature management software was used to screen
references. It was suggested to reviewers to contact the
author for the complete information if this was indicated.
If there was a disagreement, another reviewer would help
determine a solution. Kappa statistics were employed to ana-
lyze the consistency of the results.

Data extraction was carried out independently by two
authors using standard data extraction forms that included
participant details, the interventions used in both treatment
and control group, and the primary and secondary out-
comes. Where more than one publication of one study
existed, reports were grouped together and the publication
with the most complete data was used in the analyses.

2.3. Assessment of Risk of Bias in Included Studies. Two
reviewers independently assessed the quality of each article,
using the risk of bias assessment tool in the Cochrane.
Another reviewer was asked to help decide if there was a
disagreement.

2.4. Measures of Treatment Effect. Categorical outcomes
were expressed as risk ratio (RR) with 95% confident inter-
vals (CI), while continuous measurement was pooled by
the standardized mean difference (SMD) or mean difference
(MD). If data were missing or unclear, it was suggested that
reviewers contact the authors of studies to request this
information.

2.5. Assessment of Heterogeneity. Heterogeneity was analyzed
using a Chi” test with an alpha of 0.1. The I? statistic was
used for statistical significance. When I* was less than or
equal to 50% and P > 0.1, the heterogeneity was acceptable.
In addition, when I* was greater than 50% and P < 0.1, the
heterogeneity among the trials was significant.

2.6. Data Synthesis and Analysis. Revman 5.4 software was
used to conduct the data synthesis and analysis. In the anal-
ysis, pooling data was processed as overall RR and/or MD. A
random effects model was applied if there was any heteroge-
neity observed. If pooling was not possible, the data were
summarized descriptively.
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FIGURE 2: Risk of bias of assessment. The quality of each article
independently using the risk of bias assessment tool in the Cochrane.

Subgroup analysis was planned to explore the source of
heterogeneity according to the differences of treatment
methods among trials. Sensitivity analyses were conducted
using a leave-one-out method to identify studies contribut-
ing to significant heterogeneity, which had an I* value of
greater than 50%. Funnel plots were planned to assess pub-
lication bias as well.

3. Results

A total of 46 clinical trials were considered and included
in the quantitative meta-analysis (Figure 1). As to the lit-
erature screening and selection, the result of kappa statis-
tics was k=0.785, indicating a good consistency. Of
these, 38 were related to berberine in the treatment of
T2DM, and four [20-23] were for prediabetes. Two trials
[24, 25] were aimed at evaluating the effectiveness and
safety of Rhizoma Coptidis in the treatment of T2DM,
and two [26, 27] were for root dry extracts including ber-
berine. The publication time of the included studies was
from 2004 to 2021.

A total of 4,158 participants were enrolled, including
2,063 participants in the experimental group and 2,095 par-
ticipants in the control group. The intervention duration
ranged from 4 weeks to 6 months. Eleven trials compared
berberine with placebo or none, while four trials compared
berberine with metformin. Specific characteristics of the
included trials are illustrated in Table 1.

All the included studies were RCT designs and twenty-
two of them provided information on random sequence
generation. Five studies reported information on allocation
concealment procedures and the blindness of outcome
assessments. Five studies were conducted with blinding
of both participants and personnel. No risks of incomplete
outcome data or selective reporting were found for any of
the recruited studies. The risks of bias assessment across
the recruited studies are illustrated in Figure 2. To compre-
hensively illustrate the effect of berberine for diabetes, glu-
cose metabolism-related index (HbAlc, FPG, and 2hPG),
insulin resistance-related index (FINS, HOMA-IR, and
BMI), lipid profiles (TC, TG, HDL, and LDL), and inflamma-
tion index (CRP, IL-6, and TNF-a) were reported, along with
the safety including effect of berberine on serum creatinine
(SCR), blood urea nitrogen (BUN), and any associated
adverse events.

3.1. Berberine for Glucose Metabolism of T2DM. Forty trials,
45 trials, and 36 trials provided the data of HbAlc, FPG, and
2hPG, respectively. The meta-analyses showed that berber-
ine remarkably decreased the HbAlc level (MD =-0.75,
95% (-1.00, —0.51); P<0.05; I>=98%, 95% CI (0.97,
0.98)), the FPG level (MD =—0.89, 95% CI (-1.13, —0.64),
P<0.05, I* =97, 95% CI (0.96, 0.97)), and the 2hPG level
(MD =-1.31, 95% CI (-1.69, —0.93), P<0.05, I’ =96%,
95% CI (0.96, 0.97)).

Subgroup analysis showed that berberine could slightly
lower the HbAlc level (MD=-0.38, 95% CI (-0.49,
—-0.27), P<0.05) and the FPG level (MD =-0.58, 95% CI
(-0.81, —0.35), P <0.05) but remarkably reduce the 2hPG
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Experimental Control Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD  Total Weight IV, random, 95% Cl 1V, random, 95% Cl
1.1.1 Berberine vs. western medicines

Li 2008 8.19 2.89 33 8.09 3.39 32 1.3% 0.10 (-1.43, 1.63)

Sanjari 2020 7.5 1.6 30 7.2 1.3 30 2.2% 0.30 (—0.44, 1.04) -1
Xing 2017 8.03 0.8 35 812 1.01 35 2.6% —0.09 (-0.52, 0.34) 1T
Zhang 2017 7.3 1.6 40 7.1 1.4 40 2.3% 0.02 (—0.46, 0.86) -
Subtotal (95% Cl) 138 137 8.5% 0.06 (-0.26, 0.37) ‘
Heterogeneity: Tau? = 0.00; Chi2 = 1.06, df = 3 (P = 0.79); I2 = 0%

Test for overall effect: Z = 0.35 (P = 0.73)

1.1.2 Berberine vs. placebo

Cao 2004 641 192 30 696 1.19 30 2.2% —0.55 (-1.36, 0.26) - 1

Jv 2007 6.2 0.13 45 6.51 0.09 42 2.8% —0.31 (-0.36, —0.26) -

Lang 2016 6.83 1.29 50 735 142 50 2.5% —-0.52 (-1.05,0.01) ]

Ren 2016 6.04 0.62 31 6.6 1.09 30 2.6% -0.56 (-1.01, —0.11) -

Sha 2018 7.48 0.56 28 797 0.61 29 2.7% —-0.49 (-0.79, —0.19) -

Wang 2021 564 0.17 35 585 0.18 35 2.8% —-0.21 (-0.29, -0.13) -

Zhang 2008 6.6 0.7 57 7.3 1.1 49 2.7% —0.70 (-0.06, —0.34) -

Zhang 2020 6.71 0.77 85 723 097 96 2.8% —-0.52 (-1.77,-0.27)

Zhao 2018 518 2.16 32 6.04 134 32 2.1% —-0.86 (—1.74, 0.02)

Subtotal (95% Cl) 393 393 23.1% —0.38 (-0.49, —0.27) ‘
Heterogeneity: Tau? = 0.01; Chi2 = 17.82, df = 8 (P = 0.02); I2 = 55%

Test for overall effect: Z = 7.01 (P < 0.00001)

1.1.3 Berberine+western medicine vs western medicine

Cao 2012 7.4 0.9 38 7.8 0.7 40 2.7% —0.40 (-0.76, —0.04) -

Cui 2016 6.99 0.96 40 7.86 0.89 40 2.6% —0.87 (—1.28, —0.46) -

Deng 2019 6.55 1.22 35 11.42 147 35 2.4% —4.87 (-5.50, —4.24) <

Du 2016 6.54 1.78 37 746 1.69 36 2.2% -0.92 (-1.72,-0.12) -

Fan 2018 7.02 1.29 40 797 136 40 2.4% —0.95 (-1.53, -0.37) -

Guan 2017 7.3 0.2 53 9.21 0.23 53 2.8% -1.91 (-1.99, -1.83) -

Hu 2020 7.33  0.79 60 7.56 0.72 58 2.7% —0.23 (-0.50, 0.04) ]
Li2016 6 1 90 8 1 90 2.7% -2.00 (-2.29, -1.71) -

Li2017 7.08 1.08 30 791 142 30 2.4% —0.83 (-1.47,-0.19) -

Li2018 7 1.8 57 7.8 1.2 57 2.5% —0.80 (-1.36, —0.24) -

Liu 2008 6.51 0.87 30 757 074 30 2.6% —1.06 (-1.47, —0.65) -

Ma 2019 7 1.4 50 7 1.6 50 2.4% 0.00 (-0.59, 0.59) I
Meng 2011 7.3 0.4 30 7.2 0.5 30 2.8% 0.10 (-0.13, 0.33) T
Meng 2016 6.99 1.08 60 845 1.32 60 2.6% —1.46 (-1.89, —1.03) -

Qiu 2011 6.87 0.5 49 758 1.34 51 2.6% —-0.71 (-1.10, —0.32) -

Sun 2017 6.42 0.51 91 7.12  0.72 91 2.8% —-0.70 (-0.88, —0.52) -

Wang 2015 7.3 1.2 39 7.2 1.4 36 2.4% 0.10 (—0.49, 0.69) -1
Wu 2018 7.07 047 63 7.61 0.49 63 2.8% -0.54 (-0.71, -0.37) -

Xue 2012 6.5 1.2 44 7 1.3 45 2.5% —-0.50 (-1.02, 0.02) -

Ye 2010 6.2 0.9 40 6.8 1.2 40 2.6% —-0.60 (-1.06, —0.14) -

Yin 2011 6.4 0.7 30 6.9 0.4 30 2.7% —-0.50 (-0.79, —=0.21) -

Yu 2015 6.8 1.2 49 8 0.9 48 2.6% —-1.20 (-1.62, —0.78) -

Zhang 2005 8.7 2 48 9 2.5 46 2.0% —-0.30 (-1.22,0.62) - 1
Zhang 2012 6.62 1.56 38 733 1.63 38 2.3% —0.71 (-1.43,0.01) ]

Zhang 2017 6.3 1.1 40 7.1 1.4 40 2.5% —0.80 (-1.35, —0.25) -

Zhou 2014 6.2 1.7 33 7.45 1.64 33 2.2% —1.25 (-2.06, —0.44) -

Zhu 2015 6.38 1.04 59 7.05 1.67 59 2.5% -0.67 (-1.17,-0.17) -

Subtotal (95% Cl) 1273 1269 68.4% —-0.91 (-1.25, —0.56) ‘
Heterogeneity: Tau? = 0.76; Chi2 = 822.14, df = 26 (P = 0.00001); I2 = 97%

Test for overall effect: Z = 5.19 (P < 0.00001)

Total (95% Cl) 1804 1799 100.0% 073 (~0.97, ~0.49) <>
Heterogeneity: Tau? = 0.54; Chi2 = 1587.51, df = 36 (P < 0.00001); 12 = 98% 7& 7'1 0 i é

Test for overall effect: Z = 5.90 (P < 0.00001)

Test for subgroup differences: Chi? = 16.45, df = 2 (P = 0.0003); I2 = 87.8% Favours (control)

Favours (experimental)

FIGURE 3: Meta-analysis of the effect of berberine on glycosylated hemoglobin (HbA1c).

level (MD = —1.48, 95% CI (=2.16, —0.79), P < 0.05) when it
was used alone. When combined with antidiabetic agents,
berberine strikingly reduce the HbAlc level (MD =-0.91,
95% CI (-1.25, —0.56), P <0.05), the FPG level (MD =
~1.06, 95% CI (~1.34, —-0.79), P<0.05), and the 2hPG

level (MD =-1.34, 95% CI (-1.73, —0.96), P < 0.05). How-
ever, compared with Western medicine, there was no sig-
nificant difference observed in the HbAlc level, the FPG
level, or the 2hPG level when berberine was applied alone
(Figures 3-5).
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Experimental Control Mean difference Mean difference
Study or subgroup Mean _SD Total Mean _ SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
1.2.1 Berberine vs. western medicines
Li 2008 7.89  2.88 33 811 196 32 16% -0.22 (~1.41,0.97) —
Sangjari 2020 9.2 34 30 82 267 30 1.2% 1.00 (-0.55, 2.55) -1
Xing 2017 723 0.65 35 7.08 258 35 1.9% 0.15 (-0.73, 1.03) -1
Zhang 2017 63 12 40 6 14 40 23% 0.30 (-0.27, 0.87) S
Subtotal (95% Cl) 138 137 7.0% 0.25 (~0.18, 0.68) o

Heterogeneity: Tau? = 0.00; Chi2 = 1.58, df = 3 (P = 0.66); I? = 0%
Test for overall effect: Z = 1.15 (P = 0.25)

1.2.2 Berberine vs. placebo

Cao 2004 7.54 1.64 30 7.84 1.63 30 2.0% —-0.30 (-1.13,0.53) R
Chen 2017 6.28 0.12 50 632 023 50 2.6% —-0.04 (-0.11, 0.03) h

Jv 2007 6.48 0.33 45 6.87 0.65 42 2.5% -0.39 (-0.61, -0.17) -
Ladan Tahmasebi 2019 7.2 1.85 40 7.8 254 40 1.8% -0.60 (-1.57,0.37) - |
Lang 2016 6.39 1.26 50 7091 1.38 50 2.3% —1.52 (-2.04, —1.00) -

Ren 2016 6.13 0.85 31 691 1.86 30 2.1% —-0.78 (-1.51, =0.05) -
Sha 2018 6.34  0.89 28 7.09 1.37 29 2.2% —-0.75 (-1.35, -0.15) -
Wang 2021 5.58 0.256 35 5.87 0.235 35 2.6% -0.29 (-0.41, -0.17) -
Zhang 2008 5.6 0.9 57 6.4 1.6 49 2.3% —-0.80 (-1.31, -0.29) -
Zhang 2020 6.9 1.29 90 7.62 1.95 97 2.4% -0.72 (-1.19, -0.25) -
Zhao 2018 5.18 0.4 32 596 1.08 32 2.4% —0.78(-1.18, -0.38) -
Subtotal (95% Cl) 488 484  252%  —0.58(-0.81,-0.35) <&

Heterogeneity: Tau? = 0.09; Chi2 = 73.64, df = 10 (P < 0.00001); I? = 86%
Test for overall effect: Z = 4.94 (P < 0.00001)

1.2.3 Berberine+western medicine vs. western medicines

Cao 2012 67 09 38 72 1 40 24%  -0.50 (-0.92, —0.08) D
Cui 2016 6.04 1.55 40 7.68 147 40 22%  —0.64 (-2.30,-0.98) -

Deng 2019 732 145 35 1248 231 35 19%  —5.16 (~6.06, —4.26) ¢

Du 2016 629 1.94 37 761 194 36 1.9%  -1.32(-2.21,-0.43) B —

Fan 2018 721 149 40 845 1.63 40 2.1%  —1.24(-1.92,-0.56) -

Guan 2017 492 0.25 53 622 0.53 53 2.6%  —1.30 (—1.46, -1.14) -

Hu 2016 6.17  0.97 60 6.89 075 58 2.5%  —0.72(-1.03,-0.41) -
Li2016 57 215 9 81 209 90 22%  —2.40 (-3.02, -1.78) -

Li2017 726 113 30 865 131 30 22%  —1.39(-2.01,-0.77) I

Li2018 78 19 57 76 23 57 2.0% 0.20(-0.57, 0.97) 1
Liu 2008 6.85 1.08 30 7.89 131 30 22%  —1.04 (~1.65, -0.43) -

Ma 2019 5 13 50 6 15 50 23%  —1.00(-1.55,-0.45) —_—

Meng 2011 66 06 30 65 04 30 2.5% 0.10(-0.16, 0.36) T
Qiu 2011 6.73 043 49 743 049 51 2.5%  —0.70 (-0.88, -0.52)

Sheng 2010 7.19  0.56 30 769 11 30 24%  —0.50 (=0.94, —0.06) I
Shu 2014 7 056 32 7 143 32 2.3% 0.00 (~0.53, 0.53) -1
Sun 2017 597 0.64 91 7.03 076 91 25%  —1.06 (—1.26, -0.86) -

Wang 2015 56 15 39 59 17 36 2.1% -0.30 (~1.03, 0.43) -1
Wu 2018 612 0.29 43 768 031 43 26%  —1.56 (~1.69, —1.43) -

Xu 2008 51 03 32 62 03 32 2.6%  —1.10(-1.25,-0.95) -

Xue 2012 55 14 4 59 13 45 2.3% ~0.40 (~0.96, 0.16) - I
Ye 2010 61 14 40 66 1 40 2.3% -0.50 (~1.03, 0.03) —
Yin 2011 58 17 30 67 1 30 21%  —0.90 (-1.61,-0.19) —

Yu 2015 71 09 49 91 0.7 48 2.5%  —2.00(-2.32, -1.68) -

Zhang 2005 86 24 48 88 25 46 1.8%  —0.20 (~1.19, 0.79) e E—
Zhang 2012 632 21 38 725 235 38 1.8% -0.93 (~1.93, 0.07) e
Zhang 2017 54 15 40 6 14 40 2.2% —0.60 (~1.24, 0.04) E—
Zhou 2012 624 059 46 886 042 46 2.5%  —2.62(-2.83,-2.41) -

Zhou 2014 6.85 185 33 82 12 33 21%  —1.35(-2.10, -0.60) I —

Zhu 2015 6.51 0.88 59 672 12 59 2.4% -0.21 (~0.59, 0.17) T
Subtotal (95% Cl) 1333 1329  67.8%  -1.06(-1.34,-0.79)

Heterogeneity: Tau? = 0.49; Chi2 = 571.04, df = 29 (P < 0.00001); I = 95%
Test for overall effect: Z = 7.69 (P < 0.00001)

Total (95% Cl) 1959 1950 1000  —0.86 (~1.10,-0.62) <&

Heterogeneity: Tau? = 0.58; Chi2 = 1275.60, df = 44 (P < 0.00001); I2 = 97% 5 ) 0 1 3
Test for overall effect: Z = 7.05 (P < 0.00001) E ( K @) E (control)
Test for subgroup differences: Chi2 = 26.37, df = 2 (P < 0.00001); I = 92.4% avours (experimenta avours (contro!

FIGURE 4: Meta-analysis of the effect of berberine on fasting plasma glucose (FPG).
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Experimental Control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl

1.3.1 Berberine vs. western medicines

Li 2008 13.11 4.46 33 12.3 3 32 1.8% 0.81 (-1.03, 2.65) I

Sanjari 2020 12.89 5.28 30 115 2.28 30 1.7% 1.39 (-0.67, 3.45)

Zhang 2017 9.7 23 40 9.1 1.9 40 2.8% 0.60 (-0.32, 1.52) T

Subtotal (95% Cl) 103 102 63% 0.75 (~0.02, 1.51) g

Heterogeneity: Tau? = 0.00; Chi2 = 0.48, df =2 (P = 0.79); I2 = 0%

Test for overall effect: Z = 1.19 (P = 0.06)

1.3.2 Berberine vs. placebo

Cao 2004 9.26 1.89 30 11.13 2.3 30 2.6% —1.87 (-2.94, -0.80) -

Chen 2017 9.18 0.76 50 935 0.78 50 3.2% —0.17 (-0.47,0.13) -

Jv 2007 8.02 0.87 45 10.28 1.4 42 3.1% —2.26 (-2.75,-1.77) -

Ladan Tahmasebi 2019 1242 432 40 1141 434 40 1.8% 1.01 (-0.89,2.91) -1

Lang 2016 9.09 1.25 50 11.03 1.58 50 3.1% —1.94 (-2.50, —1.38) -

Li2018 11.1 2.3 91 123 38 91 2.8% —~1.20 (-2.11, -0.29) -

Ren 2016 7.98 1.9 31 895 349 30 2.3% -0.97 (~2.39, 0.45) I

Wang 2021 7.24 0.772 35 8.01 0.4 35 3.2% —0.77 (-1.06, —0.48) -

Zhang 2008 8.9 2.8 57 11 1.8 49 2.8% —2.10 (-2.98, -1.22) -

Zhang 2020 11.37 295 90 14.13 3.54 97 2.7% —2.76 (-3.69, —1.83) -

Zhao 2018 7.01 0.16 32 933 0.16 32 3.3% —2.32 (—2.40, —2.24) -

Subtotal (95% Cl) 551 546 30.9%  _1.48(-2.16,-0.79) -

Heterogeneity: Tau? = 1.14; Chi2 = 288.30, df = 10 (P < 0.00001); I2 = 97%

Test for overall effect: Z = 4.24 (P < 0.0001)

1.3.3 Berberine+western medicine vs. western medicines

Cao 2012 8.1 12 38 8.7 1.4 40 3.1% —0.60 (-1.18, —0.02) |

Cui 2016 7.31 141 40 893 1.56 40 3.0% —-1.62 (-2.27,-0.97) -

Deng 2019 9.46 1.38 35 1835 3.26 35 2.5% —8.89 (-10.06, -7.72) \

Du 2016 8.83 3.12 37 969 3.77 36 2.1% ~0.86 (—2.45,0.73) - 1

Fan 2018 829 1.88 40 1035 217 40 2.8% —2.06 (-2.95, -1.17) -

Li2016 6.4 2.39 90 8.2 241 90 3.0% —-1.80 (-2.50, —1.10) -

Li2017 8.41 1.35 30 1042 1.62 30 2.9% —2.01 (-2.76, —1.26) -

Liu 2008 8.64 1.19 30 11.04 2.53 30 2.7% —2.40 (-3.40, —1.40) -

Ma 2019 7 1.5 50 8 2.3 50 2.9% —-1.00 (-1.76, —0.24) -

Meng 2011 6.9 1.2 30 6.7 1.1 30 3.1% 0.20 (-0.38, 0.78) -

Qiu 2011 7.53 0.55 49 8.22 057 51 3.3% —-0.69 (-0.91, —0.47) -

Sun 2017 7.67 0.87 91 8.31 1.05 91 3.2% —0.64 (-0.92, —0.36) -

Wang 2015 7.8 1.7 39 84 21 36 2.8% —-0.60 (-1.47,0.27) -

Wu 2018 8.73  2.06 63 10.06 2.08 63 2.9% —1.33(-2.05, -0.61) -

Xu 2008 7 0.2 32 7.8 04 32 3.3% —0.80(—0.95, —0.65) -

Xue 2012 7.9 1.3 44 9 18 45 3.0% —1.10(-1.75, —0.45) -

Ye 2010 7.7 1.7 40 86 1.3 40 3.0% —0.90(-1.56, —0.24) -

Yin 2011 82 15 30 87 21 30 2.8% —0.50(-1.42, 0.42) I

Zhang 2005 10.4 2.8 48 112 2.6 46 2.6% —0.80 (-1.89, 0.29) I

Zhang 2012 892 324 38 956 3.45 38 22% ~0.64 (~2.14, 0.86) - 1

Zhang 2017 7.8 1.4 40 9.1 1.9 40 2.9% —1.30 (-2.03, —0.57) -

Zhu 2015 728  1.82 59 812 237 59 2.9% —0.84 (~1.60, —0.08) _

Subtotal (95% Cl) 993 992 62.8%  -1.34(-1.73,-0.96) <>

Heterogeneity: Tau? = 0.68; Chi2 = 240.22, df = 21 (P < 0.00001); I2 = 91%

Test for overall effect: Z = 6.84 (P < 0.00001)

Total (95% CI) 1647 1640 100.0%  —1.26 (~1.64, ~0.89) <>

Heterogeneity: Tau? = 1.12; Chi2 = 943.43, df = 35 (P = 0.00001); I2 = 96% 7'4 7'2 0 é éll

Test for overall effect: Z = 6.57 (P < 0.00001)
Test for subgroup differences: Chi2 = 24.80, df = 2 (P < 0.00001); I2 = 91.9%

Favours (experimental) Favours (control)

FIGURE 5: Meta-analysis of the effect of berberine on 2-hour postprandial plasma glucose (2hPG).

3.2. Berberine for Insulin Resistance-Associated Index of
T2DM. Figure 6 shows the efficacy of berberine on the FINS
level, the HOMA-IR level, and the BMI level of T2DM
patients. The FINS concentration of the trial group
decreased by 2.05 (95% CI (-2.62, —1.48), P<0.05, I* =93
%, 95% CI (0.91, 0.95)), the HOMA-IR level of the berberine
group decreased by 0.71 (95% CI (-1.03, —0.39), P <0.05,
12 =96%, 95% CI (0.94, 0.97)), and the BMI level of the ber-
berine group decreased by 1.07 (95% CI (-1.76, —0.37),
P <0.05, I*=91%, 95% CI (0.87, 0.94)).

3.3. Berberine for Lipid Profiles of T2DM. The pooled results
of berberine efficacy in the treatment of T2DM on lipid pro-
files are shown in Figures 7 and 8. Twenty-four trials were
assessed on TG (Figure 7(a)), and the result showed that
berberine significantly lowered the TG level in patients with
T2DM (MD =-0.5, 95% CI (-0.61, —0.39), P<0.05, I* =
92%, 95% CI (0.89, 0.94)). Pooled results of 25 trials
showed that the TC concentration of the berberine group
decreased by 0.64 (95% CI (-0.78, —0.49), P<0.05, I*=
79%, 95% CI (0.69, 0.86)) (Figure 7(b)). There was a
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight IV, random,95% Cl IV, random, 95% Cl
Cao 2004 21.7 1.65 30 2515 4.53 30 35% —3.45(-5.18,-1.72)
Cao 2012 8.08 3.35 38 9.54 297 40 39%  -1.46 (-2.87,-0.05)
Deng 2019 9.65 2.36 35 14.38 2.67 35 42%  —4.73 (-5.91,-3.55) -
Hu 2020 1357 495 60 14.53 4.77 58 3.4% -0.96 (-2.71,0.79) - 1
Jv 2007 11.06 4.02 45 11.06 4.02 42 3.5% 0.00 (-1.69, 1.69) -1
Ladan Tahmasebi 2019 949 3.84 40 14.67 799 40 23%  —5.18(-7.93,-2.43)  —
Li 2008 9.79 598 33 10.12 5.77 32 22% —0.33(-3.19,2.53) - 1
Li2016 11.04 2.21 90 14.45 2.18 90 4.8%  —3.41 (-4.05,-2.77) -
Liu 2008 17.63 3.17 30 19.49 346 30 35% —1.86(—3.54,—0.18) -
Ma 2019 10 2.7 50 15 34 50 4.1%  —5.00 (—-6.20, —3.80) -
Meng 2016 998 229 60 15.03 3.52 60 43%  —-5.05(-6.11,-3.99) -
Qiu 2011 626 078 49 843 065 51 50% 217 (-2.45,-1.89) -
Sha 2018 585 233 28 7.47 3.07 29 3.9%  -1.62(-3.03,-0.21) -
Sheng 2010 9 2 30 14 8 30 2.1%  -5.00 (-7.95, -2.05) -
Shu 2014 2 086 32 3 129 32 49%  -1.00 (~1.54, —0.46) -
Sun 2017 7.06 065 91 7.85 0.78 91 50% —0.79 (-1.00, —0.58) -
‘Wang 2015 106 29 39 151 3.5 36 3.8%  —4.50 (-5.96, —3.04) -
Xing 2017 912 315 35 987 403 35 35%  —0.75(-2.44,0.94) -1
Xu 2008 8.6 1.7 32 102 35 32 3.9% —1.60 (-2.95, —0.25) -
Xue 2012 11.7 22 44 132 24 45 44%  —1.50 (-2.46, —0.54) _'_
Yin 2011 147 52 30 16.2 3.7 30 2.8% —1.50(-3.78,0.78) D
Zhang 2005 95 25 48 10 2.8 46 4.3% —-0.50 (-1.57,0.57) -
Zhang 2008 98 57 57 1.1 77 49 2.4% -1.30 (-3.91, 1.31) - 1
Zhang 2017 11.6 23 40 133 25 40 43% —1.70 (-2.75, —0.65) —
Zhang 2020 108 1.78 90 10.82 2.36 97 4.8%  —0.02 (-0.62, 0.58) T
Zhu 2015 289 078 59 286 081 59 50%  —0.03(-0.26,0.32) T
Total (95% Cl) 1215 1209 100.0% 205 (~2.62, ~1.48) L 2
Heterogeneity: Tau2 = 1.66; Chi2 = 362.58, df = 25 (P < 0.00001); I2 = 93% 4 2 0 2 4
Test for overall effect: Z = 7.06 (P < 0.00001) Favours (experimental) Favours (control)

()

Experimental Control Mean difference Mean difference
Study or subgroup Mean  SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
Cao 2004 727 228 30 876 2.03 30 4.7% —1.49 (-2.58, —0.40)
Cao 2012 0 0 0 0 0 0 Not estimable
Fan 2018 437 245 40 6.61 279 40 4.5% —2.24 (-3.39, -1.09)
Jv 2007 3.19 1.12 45 382 155 42 7.8% —0.63 (-1.20, —0.06) -
Ladan Tahmasebi 2019 321 159 40 461 292 40 5.0% —1.40 (-2.43,-0.37) -
Liu 2008 536 156 30 554 178 30 6.0% —0.18 (~1.03, 0.67) -
Qiu 2011 187 048 49 278 056 51  10.0% —-0.91 (-1.11, -0.71) -
Sha 2018 0.19 0.16 28 034 0.2 29 10.3% —0.15 (-0.24, —0.06) -
Sheng 2010 047 0.11 30 063 0.26 30 10.3% —-0.16 (-0.26, —0.06) -
Sun 2017 1.87 091 91 245 024 91 10.0% —0.58 (-0.77, -0.39) -
‘Wu 2018 1.61 0.3 63 292 041 63 10.2% —1.31(-1.44,-1.18) -
Xing 2017 823 196 35 854 198 35 5.6% —-0.31(-1.23,0.61) I
Zhang 2008 244 1.67 57 329 288 49 5.6% —-0.85 (-1.77,0.07) - 7
Zhang 2020 33 058 90 359 078 97 10.0% —0.29 (-0.49, —0.09) -
Total (95% Cl) 628 627  100.0% —0.71 (-1.03, -0.39) ‘
Heterogeneity: Tau2 = 0.26; Chi2 = 292.46, df = 12 (P < 0.00001); I2 = 96% S 4 o 1 5
Test for overall effect: Z = 4.33 (P < 0.00001) Favours (experimental) Favours (control)

(b)

FiGure 6: Continued.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean  SD Total Mean SD  Total Weight IV, fixed, 95% CI 1V, fixed, 95% Cl
Cao 2004 2401 398 30 2532 332 30 11% —131(-3.16,0.54) —
Cao 2012 234 11 38 242 16 40  9.9% —0.80 (-1.41,-0.19) -
Chen 2017 24 28 50 252 3 50  2.8% —-1.20(-2.34,-0.06) —
Hu 2020 2394 126 60 24.83 148 58 147% -0.89 (-1.39,-0.39) -
Jv 2007 232 216 45 2612 255 42 3.7% -2.92(-3.92,-1.92) -
Li 2008 2656 159 33 2653 16 32  60%  0.03(-0.75,0.81) T
Li2018 258 31 57 252 57 57 13% 0.60 (-1.08, 2.28) 1T
Sheng 2010 2329 21 30 2346 177 30 3.8% —0.17 (~1.15,0.81) -
Xing 2017 2326 2.8 35 2257 23 35 25%  0.69(-0.51,1.89) T
Ye 2010 246 41 40 251 43 40  L1%  —0.50 (-2.34, 1.34) — 1
Zhang 2008 243 32 57 254 36 49  21% -1.10(-241,021) -
Zhang 2020 25 339 90 256 336 97  39% -0.60(-157,0.37) -
Zhao 2018 254 12 32 264 24 32 42% -1.00(~1.93,-0.07) -
Zhou 2021 241 075 46 2578 088 46 32.6% -1.68(-2.01,-135) u
Zhou 2014 2308 12 33 2739 126 33 103% -4.31(-4.90, -3.72) -
Total (95% Cl) 676 671 100.0% -1.43 (~1.62, -1.24) [}
Heterogeneity: Chi2 = 152.35, df = 14 (P < 0.00001); 12 = 91% _10 5 0 5 10

Test for overall effect: Z = 14.70 (P < 0.00001)

Favours (experimental) Favours (control)

(c)

FIGURE 6: Meta-analysis of the effect of berberine on insulin resistance-associated index. (a) Fasting plasma insulin (FINS). (b) Homeostasis
model assessment-insulin resistance (HOMA-IR). (c) Body mass index (BMI).

slightly upregulated tendency in HDL (MD =0.17, 95% CI
(0.09, 0.25), P<0.05, I*=92%, 95% CI (0.89, 0.95))
(Figure 8(a)), as compared to the control group and the
LDL concentration of the berberine group decreased by
0.86 (95% CI (-1.06, —0.66), P <0.05, I* =92%, 95% CI
(0.89, 0.94)) (Figure 8(b)).

3.4. Berberine for Inflammation Factors of T2DM. Pooled
results of six clinical trials proved that berberine markedly
lowered the CRP levels in patients with T2DM (SMD =
~2.13, 95% CI (-2.98, —1.28), P<0.05, I> = 96%, 95%
CI (0.94, 0.97)).

Six trials were considered for the analysis of the efficacy
of berberine on IL-6 levels. The IL-6 concentration in the
trial group decreased by 1.83 (95% CI (-3.05, —0.61), P =
0.003; I = 97%, 95% CI (0.95, 0.98)).

Among them, five reported the efficacy of berberine on
TNF-a, and the results found that berberine reduced the
level of TNF-a in patients with T2DM to some extent
(SMD = -1.44, 95% CI (-2.72, -0.16), P=10.03, I* = 97%,
95% CI (0.95, 0.98)) (Figure 9).

3.5. Safety of Berberine on Patients with T2DM. Figure 10(a)
shows the effects of berberine on Scr in patients with T2DM.
There were a total of 288 volunteers in the trial group and
294 in the control group. The Scr concentration of the ber-
berine group decreased by 2.02 (95% CI (-3.63, —0.42), P
=0.01, I> = 0%, 95% CI (0, 0.86)). Berberine was found to
have a beneficial effect on Scr.

Figure 10(b) illustrates the effects of berberine on BUN.
There were a total of 288 volunteers in the trial group and
294 in the control group. Compared to the control group,
berberine had no significant effect on the BUN level
(SMD =-0.29, 95% CI (-0.69, —0.11), P=0.16, I* = 97%,
95% CI (0.94, 0.98)).

The incidence of adverse events (AEs) was used to assess
the safety of berberine in 17 studies, including a total of 858
patients in the berberine group and 856 in the control group.
Pooled results of 17 trials showed that berberine applied for
the treatment of T2DM appeared to have better safety com-
pared to the control group in the incidence of AEs
(RR=0.70, 95% CI (0.57, 0.87), P =0.0009, I* = 28%, 95%
CI (0, 0.6)) (Figure 10(c)). The main reported adverse events
of berberine treatment were gastrointestinal responses like
diarrhea, abdominal distention, or constipation. Among
the 17 trials, 15 specifically reported the number of gastroin-
testinal AEs, which included 732 volunteers in the trial
group and 730 in the control group. These results demon-
strated that berberine did not have more gastrointestinal
AEs as compared to the control group (RR =0.81, 95% CI
(0.46, 1.14), P=0.45, I*=52%, 95% CI (0.13, 0.73))
(Figure 10(d)). The pooled results demonstrated that berber-
ine was generally safe as a complementary or alternative
therapy for the treatment of T2DM.

3.6. Publication Bias. A funnel plot was used to evaluate
potential publication bias. Comparisons of HbAlc, FPG,
and 2hPG were conducted using funnel plots. Approxi-
mately symmetrical dispersion points suggested rare publi-
cation bias. These results are shown in Figure 11.

3.7. Sensitivity Analysis. According to the different interven-
tions, daily dosage of berberine applied, the intervention
duration, and disease courses, we conducted the subgroup
analyses for main outcomes including HbAlc, FPG, and
2hPG (Supplementary Files 2). Results found that different
interventions were the source of heterogeneity. Mutual con-
version between a random-effects model and a fixed-effect
model was conducted as a sensitivity analysis for testing
the stability of the research. The results showed that the I*
value did not change in the mutual conversion. The results
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
Cao 2004 1.92 0.47 30 221 021 30 4.8% —-0.29 (-0.47,-0.11) -
Cao 2012 1.52 047 38 2.19 0.81 40 4.0% —0.67 (-0.96, —0.38) -
Cui 2016 1.61 0.41 40 2.03 0.76 40 4.2% —0.42 (-0.69, —0.15) -
Deng 2019 1.48 035 35 2.16 0.43 35 4.8% —0.68 (-0.86, —0.50) -
Hu 2020 1.85 0.54 60 241 0.86 58 4.2% —-0.56 (—0.82, —0.30) -
Jv 2007 1.88 0.17 45 2,57 021 42 5.4% —-0.69 (-0.77, -0.61) -
Ma 2019 1.56 0.37 50 1.9 045 50 5.0% —0.34 (-0.50, —-0.18) -
Meng 2016 1.51 0.27 60 2.01 041 60 5.2% —0.50 (-0.62, —0.38) -
Ren 2016 1.86 09 31 248 1.56 30 1.9% —0.62 (-1.26, 0.02) -
Sanjari 2020 1.77 1.03 30 1.69 0.69 30 2.9% 0.08 (-0.36, 0.52) -
Sun 2017 1.73 023 91 233 031 91 5.4% —0.60 (-0.68, -0.52) -
Wang 2015 1.58 0.39 39 1.92 043 36 4.8% —0.34 (-0.53, -0.15) -
Wang 2021 12 0262 35 1.92 1113 35 3.3% —-0.72 (-1.10, -0.34) -
Wu 2018 1.68 021 63 249 0.23 63 5.4% —-0.81 (-0.89, -0.73) -
Xing 2017 2.13 043 35 2.16 0.67 35 4.2% —0.03 (-0.29, 0.23) -1
Xu 2008 1.1 0.1 32 1.6 0.2 32 5.4% —0.50 (-0.58, —0.42) -
Ye 2010 2.51 1.03 40 243 1.11 40 2.7% 0.08 (~0.39, 0.55) 1
Yin 2011 1.4 1.1 30 1.6 0.8 30 2.6% -0.20 (—0.69, 0.29) -1
Yu 2015 1 0.1 49 1.8 0.2 48 5.5% —0.80 (-0.86, —0.74) -
Zhang 2008 1.61 1.1 57 205 126 49 2.8% -0.44 (-0.89, 0.01) ]
Zhang 2020 1.24 021 90 1.49 021 97 5.5% —-0.25 (-0.31, -0.19) -
Zhao 2018 1.26 26 32 1.58 2.24 32 0.7% —-0.32 (-1.51,0.87) - 1
Zhou 2012 1.53 1.38 46 1.89 0.97 46 2.6% —-0.36 (—0.85, 0.13) -
Zhou 2014 1.65 0.8 33 3 0.69 33 3.4% —-1.35(-1.71,-0.99) -
Zhu 2015 1.73 096 59 1.83  1.02 59 3.5% —0.10 (-0.46, 0.26) T
Total (95% CI) 1150 1141 100.0% —0.48 (-0.59, -0.37)

Heterogeneity: Tau2 = 0.05; Chi2 = 295.32, df = 24 (P < 0.00001); I2 = 92%
Test for overall effect: Z = 8.76 (P < 0.00001)

2 -1 1 2
Favours (experimental) Favours (control)

(=]

(a)

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
Cao 2004 538 047 30 554 025 30 53% —0.16 (-0.35, 0.03) 7
Cao 2012 4.28 0.54 38 4.77 0.63 40 4.9% —-0.49 (-0.75, -0.23) -
Cui 2016 4.34 0.85 40 521 1.01 40 4.0% —0.87 (-1.28, —0.46) -
Deng 2019 6.13 121 35 6.12 123 35 3.0% 0.01 (=0.56, 0.58) I E—
Hu 2020 3.89 0.59 60 447 0.85 58 4.9% —0.58 (—0.84, —0.32) -
Jv 2007 5.78 142 45 6.57 1.46 42 2.9% —0.79 (-1.40, —0.18) -
Ma 2019 6 1.27 50 6 1.33 50 3.4% 0.00 (-0.51, 0.51) -1
Meng 2016 6.1 1.19 60 6.79 1.2 60 3.9% —-0.69 (-1.12, -0.26) -
Ren 2016 4.74 0.84 31 529 1.02 30 3.6% —0.55 (-1.02, —0.08) -
Sanjari 2020 4.37 098 30 481 0.78 30 3.7% —-0.44 (-0.89, 0.01) ]
Sun 2017 3.74 053 91 4.27  0.69 91 5.4% —-0.53 (-0.71, —0.35) -
Wang 2015 6.13 129 39 686 131 36 29%  -0.73(-1.32,-0.14) -
Wang 2021 26 0343 35 3.34 0.681 35 5.0% —0.74 (-0.99, —0.49) -
Wu 2018 408 039 63 489 041 63 56%  —0.81(=0.95,-0.67) —_
Xing 2017 4.36 046 35 4.78 0.65 35 4.9% —0.42 (-0.68, —0.16) -
Ye 2010 4.92 1.37 40 502 131 40 2.9% —0.10 (-0.69, 0.49) - 1
Yin 2011 4.2 1.1 30 54 0.8 30 3.5% -1.20 (-1.69,-0.71) —
Yu 2015 45 09 49 54 07 48  46%  —0.90(-1.22,-0.58) —_—
Zhang 2008 4.35 096 57 528 0.77 49 4.5% —-0.93 (-1.29, —0.60) -
Zhang 2020 4.44 1.01 90 4.97 0.96 97 4.8% —-0.53 (-0.81, -0.25) -
Zhao 2018 406 016 32 478 078 32  48%  —0.72(-1.00, -0.44) -
Zhou 2012 5.24 0.75 46 586 0.67 46 4.7% —0.62 (-0.91, —0.33) -
Zhou 2014 4.56 1.54 33 7.44 1.3 33 2.5% —2.88 (-3.57,-2.19)
Zhu 2015 4.28 0.96 59 446 1.14 59 4.2% —0.18 (-0.56, —0.20) - 1
Total (95% Cl) 1118 1109 100.0% —0.63 (-0.77, —0.49) ’

Heterogeneity: Tau2 = 0.09; Chi2 = 109.77, df = 23 (P < 0.00001); I2 = 79%
Test for overall effect: Z = 8.68 (P < 0.00001)

(b)

05 1
Favours (control)
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Favours (experimental)

FIGURE 7: Meta-analysis of the effect of berberine on triglyceride (a) and total cholesterol (b).

of meta-analyses were not changed either. This suggests that
our findings were stable.

4. Discussion

In the current systematic review, we evaluated the efficacy
and safety of berberine for the treatment of T2DM. Our

findings suggested that berberine, used along or combined
with antidiabetic agents, significantly improved glucose and
lipid metabolisms along with inflammation markers.
Berberine showed effectiveness in lowering blood glucose
comparable with metformin. As an adjunctive therapy, ber-
berine presented better reduction of HbAlc, FPG, and
2hPG. In recent years, three meta-analyses [17, 66, 67] were
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Control Experimental Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random,95% Cl 1V, random, 95% Cl
Cao 2004 105 004 30 098 008 30 69% 0.07 (0.04, 0.10) -
Ca0 2012 148 025 38 127 022 40  62% 0.21 (0.11,0.31) -
Hu 2020 129 023 60 112 025 58 64% 0.17 (0.08, 0.26) -
Jv 2007 077 015 45 067 018 42  6.6% 0.10 (0.03,0.17) -
Ma 2019 L1 02 50 111 019 50 66%  —0.01(=0.09,0.07) T
Meng 2016 L1 02 60 113 022 60 66%  —0.03(-0.11,0.05) T
Sanjari 2020 103 028 30 111 026 30 58%  —0.08(-0.22,0.06) -T
Sun 2017 192 027 91 153 021 91  66% 0.39 (0.32, 0.46) -
Wang 2015 111 018 39 109 017 36 65% 0.02 (~0.06, 0.10) T
Wang 2021 285 0479 35 273 0568 35  4.2% 0.12 (-0.13, 0.37) T
Xing 2017 1.48 037 35 124 043 35 5.0% 0.24 (0.05, 0.43) -
Ye 2010 156 066 40 151 063 40  3.7% 0.05 (-0.23, 0.33) A
Yin 2011 13 05 30 094 04 30 44% 0.36 (0.13,0.59) -
Zhang 2008 137 079 57 128 024 49  4.6% 0.09 (-0.13,0.31) T
Zhang 2020 119 026 90 124 03 97 65%  —0.05(-0.13,0.03) T
Zhou 2012 228 046 46 098 077 46  4.0% 1.30 (1.04, 1.56) —_—
Zhou 2014 136 065 33 083 1 33 25% 0.53 (0.12, 0.94) -
Zhu 2015 117 018 59 118 0.6 59 67%  -0.01(-0.07,0.05) T
Total (95% Cl) 868 861 100.0% 0.16 (0.08, 0.24) 4
Heterogeneity: Tau = 0.02; Chi2 = 222.94, df = 17 (P < 0.00001); I2 = 92% 1 05 0 o5 1

Test for overall effect: Z = 3.82 (P < 0.00001)

Favours (control)

Favours (experimental)

()

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
Cao 2004 369 068 30 396 078 30  5.0% ~0.27 (~0.64, 0.10) —
Cao 2012 248 039 38 294 054 40 57%  —0.46(~0.67,-025) -
Deng 2019 321 1.06 35 451 118 35 43% -1.30(-1.83,-0.77) -
Hu 2020 249 0.55 60 318 087 58 55%  —0.69 (-0.95, -0.43) —
Jv 2007 476 022 45 554 021 42 60%  —0.78 (~0.87, —0.69) -
Ma 2019 3 L1750 4 116 50  46%  —1.00(-1.46,—0.54) e —
Meng 2016 315 121 60 447 122 60  47% —1.32(-1.75,-0.89) —_—
Ren 2016 286 057 31 331 084 30 51%  —0.45(-0.81,-0.09) -
Sanjari 2020 606 171 30 645 153 30  30% —-0.39(-1.21,043) ——— —
Sun 2017 185 026 91 271 034 91  60% —0.86(-0.95,—0.77) -
Wang 2015 323 119 39 436 118 36  42% —1.13(~1.67,-0.59) -
Wang 2021 232 0513 35 259 0568 35  55%  —0.27(=0.52, -0.02) ]
Xing 2017 236 046 35 296 056 35  56%  —0.60 (~0.84, —0.36) —_—
Ye 2010 307 108 40 31 096 40  47%  —0.03(-0.48,0.42) T
Yin 2011 43 12 30 54 07 30 44% —1.10(-~1.60,-0.60) —_—
Zhang 2008 255 077 57 324 074 49  54%  —0.69 (-0.98, —0.40) —
Zhang 2020 278 082 90 32 087 97 56% -0.42(-0.66,-0.18) I
Zhou 2012 233 132 46 598 132 46 42%  —3.65(-4.19, -3.11)"
Zhou 2014 417 075 33 612 08 33 50% —-195(-2.32,-158) " —
Zhu 2015 238 064 59 26 08 59  55% —0.22 (~0.49, 0.05) T
Total (95% Cl) 934 926 100.0%  —0.84 (~1.04, —0.65) <>
Heterogeneity: Tau2 = 0.17; Chi2 = 236.98, df = 19 (P < 0.00001); I2 = 92% B 1 0 1 2

Test for overall effect: Z = 8.34 (P < 0.00001)

(b)

Favours (experimental)

Favours (control)

FIGURE 8: Meta-analysis of the effect of berberine on high-density lipoprotein (a) and low-density lipoprotein (b).

conducted to explore the effects of berberine for the treatment
of T2DM. The latest study was published in 2019, which first
performed subgroup analyses to examine the source of hetero-
geneity and identify the potential factors which likely deter-
mine the effects of berberine. These results showed that
berberine seemed to achieve better effects on glucose levels
when patients aged less than 60 years were treated with a daily
dosage of 1.5-2 g. After adding new research with limited sam-
ple size and intervention durations in the included criteria, our
results suggested that low-dose berberine (< 1g/d) achieve
promising effects of FPG, especially for those patients with a
disease duration of no more than five years. The efficacy of
berberine seemed to decrease with an increased treatment
course. Low and medium doses of (1-2g) berberine showed

the same effects on reducing HbA1lc and 2hPG. Better efficacy
on 2hPG was observed in patients with an intervention dura-
tion of no less than 12 weeks. For HbA g, the highest level of
efficacy was observed with an intervention duration of no
more than eight weeks and less than twelve weeks, especially
for those patients with T2DM that have had this condition
for 5-10 years. It appeared that the early application of berber-
ine mainly functioned to reduce FPG. With prolonged inter-
vention duration and disease progression, this effect was
mainly observed as the reduction of 2hPG.

The regulation of berberine on blood homeostasis is
partly due to the improvement of insulin resistance, the hall-
mark of T2DM, which is given rise to obesity. Systematic
reviews showed that berberine improved obesity parameters
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Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
Fan 2018 188 076 40 279 095 40 10.8% -1.05 (-1.52, -0.58) -
Li2017 1.79 0.51 30 2.56 0.84 30 10.7% —-1.09 (-1.64, —0.55) -
Li2018 2.85 083 57 7.61 253 57 10.8% —-2.51 (-3.01, -2.02) -
Liu 2008 2.19 0.08 30 3.87 0.07 30 3.1% —22.06(—26.17, -17.95) 1
Sheng 2010 3.88 1.63 30 5.1 1.9 30 10.7% —0.68 (—1.20, —0.16) -
Shu 2014 4.41 0.87 32 6.49 1.36 32 10.6% —1.80 (-2.39, -1.21) -
Sun 2017 2.98 041 83 4.86 0.69 83 10.8% -3.30 (-3.77, -2.83) -
Xu 2008 4.7 23 32 6.1 24 32 10.8% —-0.59 (-1.09, —0.09) -
Zhang 2008 4.74 512 58 7.51 6.49 52 10.9% —0.47 (-0.85, —0.09) -
Zhou 2012 221 0.86 46 3.85 0.82 46 10.8% —1.94 (-2.43,-1.44) -
Total (95% CI) 438 432 100.0% ~2.13 (-2.98,-1.28) <>

Heterogeneity: Tau? = 1.69; Chi2 = 227.80, df = 9 (P < 0.00001); I2 = 96%
Test for overall effect: Z = 4.89 (P < 0.00001)

T T T T
-4 -2 0 2 4
Favours (experimental) Favours (control)

()

Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean  SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% Cl
Fan 2018 492 161 40 746 1.58 40 16.7% -1.58 (-2.08, -1.07) -
Li 2017 418 137 30 571 146 30 167% -1.07 (-1.61, -0.52) -
Meng 2011 0.31 0.08 30 058 0.15 30 16.4% -2.22 (-2.87,-1.57) =
Sheng 2010 200 11 30 29 18 30 167% ~0.60 (~1.11, -0.08) ™
Sun 2017 315 044 83 709 101 83 16.5% ~5.03 (~5.66, —4.41) -
Zhang 2008 149 219 58 33 39 52 17.0% ~0.57 (~0.95, -0.19) -
Total (95% Cl) 271 265 100.0% —1.83 (-3.05, —0.61) -

T T T T

Heterogeneity: Tau? = 2.24; Chi2 = 168.76, df = 5 (P < 0.00001); 12 = 97%
Test for overall effect: Z = 2.95 (P = 0.003)

-4 -2 0 2 4
Favours (experimental) Favours (control)

(b)
Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean  SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% Cl
Fan 2018 66.83 12.75 40 7528 1346 40 20.1% —0.64 (~1.09, -0.19) -
Meng 2011 019 009 30 025 003 30  19.9% -0.88 (-1.41, -0.35) -
Qiu 2011 1043 215 49 1243 267 51 20.2% -0.82 (~1.23, —0.41) -
Sheng 2010 28 5 30 35 18 30 20.0% -0.52 (~1.04, -0.01) —
Sun 2017 616 085 83 1214 173 83  19.8% ~4.37 (~4.93, -3.80) "
Total (95% Cl) 232 234 100.0% —1.44 (-2.72,-0.16) e
Heterogeneity: Tau? = 2.07; Chi2 = 138.05, df = 4 (P < 0.00001); I = 97% 45 0 2 4

Test for overall effect: Z = 2.20 (P = 0.03)

Favours (experimental) ~ Favours (control)

(0

FIGURE 9: Meta-analysis of the effect of berberine on inflammation factors. (a) C-reaction protein (CRP). (b) Interleukin-6 (IL-6). (c) Tumor

necrosis factor-a (TNF-a).

including BMI [68, 69]. Meanwhile, a case-control clinical
trial reported that the HOMA-IR level of T2DM decreased
by 73% with 500mg (x3 daily) berberine for 3 months
[70]. Our results showed that berberine remarkably lower
fasting blood insulin, improve HOMA-IR, and decrease
BMI, which demonstrated the advantages of berberine on
improving insulin resistance.

Evidence suggests that clinically tested lipid-lowering
nutraceuticals including berberine could be safely used to
improve lipid levels in patients with mild-to-moderate dys-
lipidemia [71]. Our work also showed the plasma lipid pro-
files of diabetic patients were improved by berberine intake.
The efficacy of berberine on dyslipidemia has been widely
researched. Whether used alone or combined with other
therapies, meta-analyses [16, 72] suggested that berberine
improve obesity and hyperlipidemia by reducing TG, TC,

and LDL and increasing HDL in the setting of several meta-
bolic disorders along with improving glucose metabolism.
This is consistent with the current meta-analysis specific to
T2DM, which showed a remarkable lowering of TC, TG,
and LDL, along with moderate upregulation of HDL.

In T2DM, obesity and dyslipidemia bring about low-
grade inflammation and factor like IL-6 and TNF-« levels
were found to be strikingly increased. This was associated
with a downregulation of several drug metabolizing
enzymes, which led to poor drug effect. Berberine has been
demonstrated as a chronic inflammation regulator as well
[73]. A meta-analysis proved that berberine supplementa-
tion ameliorates the state of chronic inflammation by low-
ering the serum level of CRP [74]. Our meta-analysis
illustrated that berberine significantly downregulates CRP,
IL-6, and TNF-a. This indicates that berberine as an
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Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean  SD Total Weight IV, fixed, 95% Cl 1V, fixed, 95% Cl
Guan 2017 7385 514 53 76.01 5.06 53 17.9% -0.42(-0.81, —0.04) "
Homeira Rashidi 2018 78.67 15 40 80.4 14.14 41 14.0% —-0.12 (-0.55, 0.32) T
Li2018 59 22 57 63 23 57 19.6% —-0.18 (-0.54, 0.19) -
Zhang 2020 64.15 14.1 98 65.99 13.71 103 34.7%  -0.13(-0.41, 0.15) =
Total (95% Cl) 288 294 100.0% —0.17 (=0.33, —0.00) S 4
Heterogeneity: Chi2 = 2.70, df = 4 (P = 0.61); I = 0% 5 ¥ 0 | )
Test for overall effect: Z =1.99 (P = 0.05)
Favours (experimental) Favours (control)
(a)
Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% Cl
Guan 2017 574 0.18 53 635 0.2 53 193% —3.18(-3.76,-2.60) -
Homeira Rashidi 2018 1.45 045 40 153 042 4] 20.0%  —0.18 (~0.62,0.25) —=
Ladan Tahmasebi 2019 14.13 3.57 40 14.5 4,03 40 20.0% —0.10 (—0.53, 0.34) -
Li 2018 51 16 57 58 17 57 202% —0.42(-0.79,-0.05) ™
Zhang 2020 537 113 98 52 126 103  20.5% 0.14 (=0.14, 0.42) ™
Total (95% Cl) 288 294 100.0%  —0.73 (~1.65, 0.19) o
Heterogeneity: Tau2 = 1.05; Chi2 = 105.93, df = 4 (P < 0.00001); I2 = 96% _4 B 0 ) 4
Test for overall effect: Z = 1.55 (P = 0.12) Favours (experimental) Favours (control)
(b)
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% Cl
Cao 2012 9 38 7 40 4.0% 1.35 (0.56, 3.27) T
Cui 2016 8 40 15 40 8.8% 0.53 (0.26, 1.12) 7
Du 2016 3 37 7 36 4.2% 0.42 (0.12, 1.49) -
Hu 2020 6 60 8 58 4.8% 0.72 (0.27, 1.96) T
Li2018 6 60 7 60 4.1% 0.86 (0.31, 2.40) T
Qiu 2011 3 49 3 51 1.7% 1.04 (0.22, 4.91) -
Sun 2017 13 91 10 91 5.9% 1.30 (0.60, 2.81) T
Wang 2021 2 35 0 35 0.3% 5.00 (0.25, 100.53)
Xing 2017 6 35 10 35 59% 0.60 (0.24, 1.47) e
Yin 2011 0 30 3 30 2.1% 0.14 (0.01, 2.65)
Yu 2015 3 49 4 48 2.4% 0.73(0.17,3.11)
Zhang 2005 0 48 15 46 9.3% 0.03 (0.00, 0.50) -
Zhang 2008 5 58 1 52 06%  4.48(0.54,37.13) —
Zhang 2012 2 38 10 38 5.9% 0.20 (0.05, 0.85) "
Zhang 2020 37 98 45 104 25.7% 0.87 (0.62, 1.22) -
Zhou 2014 3 33 3 33 1.8% 1.00 (0.22, 4.60)
Zhu 2015 11 59 21 59  12.4% 0.52 (0.28, 0.99)
Total (95% Cl) 858 856 100.0% 0.70 (0.57, 0.87) ¢
Total events 117 169
Heterogeneity: Chi2 = 22.29, df = 16 (P = 0.13); I2 = 28% 0.001 o1 1 10 1000
Test for overall effect: Z = 3.32 (P = 0.0009) Favours (experimental) Favours (control)
(o)

Ficure 10: Continued.
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl M-H, random, 95% Cl
Cao 2012 9 38 7 40 10.5% 1.35(0.56, 3.27) R
Cui 2016 3 40 8 40 83% 0.38 (0.11, 1.31) —
Du 2016 2 37 7 36 7.0% 0.28 (0.06, 1.25) T
Hu 2020 6 60 8 58 9.8% 0.72 (0.27, 1.96) — =
Li2018 4 60 5 60 8.2% 0.80 (0.23, 2.83) T
Qiu 2011 3 49 0 51 2.9% 7.28 (0.39, 137.38)
Wang 2021 2 35 0 35 2.8% 5.00 (0.25, 100.53)
Yin 2011 0 30 3 30 2.9% 0.14 (0.01, 2.65) "
Yu 2015 3 49 4 48  7.3% 0.73 (0.17, 3.11) — T
Zhang 2005 0 48 15 46  3.1% 0.03 (0.00, 0.50)
Zhang 2008 5 58 1 52 4.7% 4.48 (0.54, 37.13) -
Zhang 2012 2 38 10 38 73% 0.20 (0.05, 0.85) - =
Zhang 2020 14 98 4 104 9.3% 3.71 (1.27, 10.90) -
Zhou 2014 3 33 3 33 6.9% 1.00 (0.22, 4.60) -1
Zhu 2015 5 59 6 59 9.0% 0.83 (0.27, 2.58) .
Total (95% Cl) 732 730 100.0% 0.81 (0.46, 1.41) &
Total events 61 81
Heterogeneity: Tau2 = 0.57; Chi? = 29.18, df = 14 (P = 0.010); I2 = 52% 0. 0' 0 0!1 j 1'0 5(')0

Test for overall effect: Z = 0.76 (P = 0.45)

Favours (experimental) Favours (control)

(d)

FIGURE 10: Meta-analysis of the safety of berberine in the treatment of diabetes mellitus. (a) Serum creatinine (Scr). (b) Blood urea nitrogen
(BUN). (c) Total adverse events. (d) The gastrointestinal adverse events.

additional therapy shows synergistic benefits with hypoglyce-
mic agents. Above all, berberine is suggested to be applied
to diabetic patients with insulin resistance and dyslipid-
emia, especially for those patients newly diagnosed with
T2DM accompanied by obesity and dyslipidemia.

Regarding safety, our work demonstrated that berberine
had no toxic effects on Scr and BUN. In addition, this treat-
ment did not increase the risk of serious adverse events
when the routine dosage ranged from 0.6g to 1.5g.

Berberine has been demonstrated to have comparable
effects in the treatment of T2DM with antidiabetic drugs
like metformin that display multiple targets and pathways.
For patients with T2DM, the main function of berberine is
as a SIRT1 or AMPK agonist to mimic energy restriction
[75-77] and to target on NF-«xB [78] to improve insulin
resistance and inflammation as well as to alleviate the acti-
vation of ox-LDL-induced macrophages [79]. In addition,
berberine stabilizes LDL receptor mRNA to increase the
clearance rate of plasma LDL [80]. This corresponds to its
effects of improving insulin resistance and the regulation of
glycemic and lipid metabolisms. As we all know, dyslipid-
emia and inflammation are risk factors of micro- and macro-
vascular leisures, our meta-analysis suggest that berberine
has potential benefits on diabetes with cardiovascular and
chronic kidney disease, which has been reported in preclini-
cal studies [81, 82].

Excessive statistical heterogeneity was induced by sev-
eral factors in our work. First, different antidiabetic agents
used as controls also had a distinct influence on the out-
comes. Different dosage levels of berberine and the dura-
tion of treatment may have resulted in inconsistent
efficacy and different disease courses. To account for these,
subgroup analyses were used to assess primary outcomes,

including HbAlc, FPG, and 2hPG. The results showed that
the different interventions in the control groups seemed to
be a potential impact factor of heterogeneity. Meanwhile,
the literature qualities may have influenced the results. In
the future, the association of each factor with the effect of
berberine for the treatment of T2DM patients should be
quantified by metaregression analysis.

5. Strengths and Limitations of the
Current Study

Compared to previous meta-analyses, the current study
included 46 trials and comprehensively showed the efficacy
and safety of berberine for the treatment of T2DM. Sub-
group analyses were also conducted to clarify how berberine
is used. Additionally, GRADE criteria (Supplementary Files
3) were applied to determine the certainty in the estimate
of effect for primary outcomes.

There are some limitations of this review. First, most of
the trials were conducted among Chinese patients, which
limited the widespread application of this data. Second,
excessive statistical heterogeneity appeared in some com-
parisons; however, the primary source of heterogeneity
could not be determined. Third, literature qualities were
uneven, although the included trials were RCTs. Many of
these studies did not report the methods of blinding and
allocation concealment. Lastly, more information on the
long-term intervention of berberine for the treatment of
T2DM is needed to assess the occurrence risk of diabetic
complications.

In conclusion, berberine positively regulated glucose
metabolism and lipids, improving insulin resistance and



18

SE (MD)

Oxidative Medicine and Cellular Longevity

I
O é] . o
0 | % O o
02 4 oo, O
o O D@ ©)
gor & oo
4 D[jlj e}
0.4 o o'!o o
O O
i
]
0.6 - !
i
I
|
0.8 - i o
i
I
I
i
T T T T
-2 -1 0 2
MD
Subgroups
QO Berberine vs. western medicines
> Berberine vs. placebo
[1 Berberine+western medicines vs. western medicines
(a)
0 | o
]
O 0o :D O
O O & O
O in
0.2 {% g U
<> l |<> Et] o O
O o 0&q
04 - o ! <D> O
o ¢ | ! (@]
=) o <¢ o
17 i
0.6 ! o
|
1
i
0.8 - ! O
1
I
I
|
]
1 T T T T T
-2 -1 0 1 2
MD
Subgroups

O Berberine vs. western medicine
<> Berberine vs. placebo

[1 Berberine+western medicine vs. western medicine
(b)

Figure 11: Continued.
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FIGURE 11: Funnel plots of comparison. A funnel plot was used to evaluate potential publication bias. Comparison in HbAlc, FPG, and

2hPG was conducted by funnel plots.

inflammation in patients with T2DM. Thus, berberine was
recommended as an adjunctive therapy for T2DM.
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