
Research Article
The Effect of Berberine on Metabolic Profiles in Type 2 Diabetic
Patients: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials

Jing Guo ,1 Hongdong Chen ,1,2 Xueqin Zhang ,1 Wenjiao Lou ,1 Pingna Zhang ,1

Yuheng Qiu ,1 Chao Zhang ,1 Yaoxian Wang ,1 and Wei Jing Liu 1,3

1Renal Research Institution of Beijing University of Chinese Medicine, and Key Laboratory of Chinese Internal Medicine of Ministry
of Education and Beijing, Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine, Beijing, China
2Department of Endocrinology, Beijng Hepingli Hospital, NO.18th Hepingli North Street, Beijing 100013, China
3Institute of Nephrology, and Zhanjiang Key Laboratory of Prevention and Management of Chronic Kidney Disease,
Guangdong Medical University, No. 57th South Renmin Road, Zhanjiang, Guangdong 524001, China

Correspondence should be addressed to Yaoxian Wang; wyx3203@sina.com and Wei Jing Liu; liuweijing-1977@hotmail.com

Received 27 July 2021; Revised 2 November 2021; Accepted 19 November 2021; Published 15 December 2021

Academic Editor: Felipe L. De Oliveira

Copyright © 2021 Jing Guo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

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 (HbA1c), 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-α (TNF-α). 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 HbA1c (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-α
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.

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 (HbA1c), 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.
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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 Chi2 test with an alpha of 0.1. The I2 statistic was
used for statistical significance. When I2 was less than or
equal to 50% and P > 0:1, the heterogeneity was acceptable.
In addition, when I2 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.

Pubmed: 648; Embase: 154:
Web of Science: 953;

Cochrane library: 113; CNKI: 1657:
Wangfan:764; VIP: 840;

Sinomed: 788.
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Figure 1: Flow diagram.
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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 I2 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 (HbA1c, 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-α) 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 HbA1c, FPG, and
2hPG, respectively. The meta-analyses showed that berber-
ine remarkably decreased the HbA1c level (MD= −0:75,
95% (−1.00, −0.51); P < 0:05; I2 = 98%, 95% CI (0.97,
0.98)), the FPG level (MD= −0:89, 95% CI (−1.13, −0.64),
P < 0:05, I2 = 97, 95% CI (0.96, 0.97)), and the 2hPG level
(MD= −1:31, 95% CI (−1.69, −0.93), P < 0:05, I2 = 96%,
95% CI (0.96, 0.97)).

Subgroup analysis showed that berberine could slightly
lower the HbA1c 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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Figure 2: Risk of bias of assessment. The quality of each article
independently using the risk of bias assessment tool in the Cochrane.
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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 HbA1c 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 HbA1c level, the FPG
level, or the 2hPG level when berberine was applied alone
(Figures 3–5).
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Experimental

MeanMean SD SD TotalTotal
Control

Weight
Mean difference Mean difference

IV, random, 95% Cl IV, random, 95% Cl
1.1.1 Berberine vs. western medicines
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Figure 3: Meta-analysis of the effect of berberine on glycosylated hemoglobin (HbA1c).

8 Oxidative Medicine and Cellular Longevity



Study or subgroup
Experimental

MeanMean SD SD TotalTotal
Control

Weight
Mean difference Mean difference

IV, random, 95% Cl IV, random, 95% Cl
1.2.1 Berberine vs. western medicines

1.2.3 Berberine+western medicine vs. western medicines 

1.2.2 Berberine vs. placebo

Li 2008
Sangjari 2020
Xing 2017
Zhang 2017
Subtotal (95% Cl)

Heterogeneity: Tau2 = 0.09; Chi2 = 73.64, df = 10 (P < 0.00001); I2 = 86%

Heterogeneity: Tau2 = 0.00; Chi2 = 1.58, df = 3 (P = 0.66); I2 = 0%

Heterogeneity: Tau2 = 0.58; Chi2 = 1275.60, df = 44 (P < 0.00001); I2 = 97%

Heterogeneity: Tau2 = 0.49; Chi2 = 571.04, df = 29 (P < 0.00001); I2 = 95%

Test for subgroup differences: Chi2 = 26.37, df = 2 (P < 0.00001); I2 = 92.4%

Test for overall effect: Z = 1.15 (P = 0.25)

Test for overall effect: Z = 4.94 (P < 0.00001)

Test for overall effect: Z = 7.69 (P < 0.00001)

Test for overall effect: Z = 7.05 (P < 0.00001)

Cao 2004

Jv 2007
Ladan Tahmasebi 2019

Chen 2017

Lang 2016
Ren 2016
Sha 2018
Wang 2021
Zhang 2008
Zhang 2020
Zhao 2018
Subtotal (95% Cl)

Cao 2012
Cui 2016
Deng 2019
Du 2016
Fan 2018

Li 2016
Li 2017
Li 2018
Liu 2008

Qiu 2011

Sun 2017
Wang 2015
Wu 2018

Xue 2012
Ye 2010
Yin 2011
Yu 2015

Xu 2008

Zhang 2005
Zhang 2012
Zhang 2017
Zhou 2012
Zhou 2014
Zhu 2015

Ma 2019
Meng 2011

Sheng 2010
Shu 2014

Hu 2016
Guan 2017

Subtotal (95% Cl)

Total (95% Cl)

7.89 2.88 33 8.11
30
35
40

138

3.4
0.65

1.2

9.2
7.23

6.3

8.2
7.08

6

1.96
2.67
2.58

1.4

32
30
35
40

137 7.0%

1.9%

1.6%

2.3%

1.2%

−0.39 (−0.61, −0.17)
−0.60 (−1.57, 0.37)

−0.78 (−1.51, −0.05)
−0.75 (−1.35, −0.15)
−0.29 (−0.41, −0.17)

−0.72 (−1.19, −0.25)
−0.78(−1.18, −0.38)
−0.58(−0.81, −0.35)

−0.80 (−1.31, −0.29)

−1.52 (−2.04, −1.00)

−0.04 (−0.11, 0.03)
−0.30 (−1.13, 0.53)

1.00 (−0.55, 2.55)
−0.22 (−1.41, 0.97)

0.25 (−0.18, 0.68)

0.15 (−0.73, 1.03)
0.30 (−0.27, 0.87)

7.54
6.28
6.48

7.2
6.39
6.13
6.34
5.58

5.6
6.9

5.18
488

0.4
1.29

0.89
0.256

0.9

32

57
35
28
310.85

1.26 50
40
45
50
301.64

0.12
0.33
1.85

7.84
6.32
6.87

7.8

1.63
0.23
0.65
2.54

7.91
6.91
7.09

90
5.96
7.62

6.4
5.87

1.08
1.95

1.6
0.235

1.37
1.86
1.38

30
50
42
40
50
30
29
35
49
97
32

484

2.0%
2.6%
2.5%
1.8%
2.3%

2.2%

2.4%
2.4%

2.3%
2.6%

2.1%

25.2%

6.7
6.04

6.29
7.32

7.21

6.17
4.92

5.7
7.26

7.8
6.85

5
6.6

6.73
7.19

5.97
7

5.6

6.1
5.5
5.1

5.8
7.1
8.6

6.32
5.4

6.24
6.85
6.51

0.9
1.55
1.45
1.94
1.49
0.25
0.97
2.15
1.13

1.9
1.08

1.3
0.6

0.43

0.56
0.64

1.5
6.12 0.29

0.3
1.4
1.4
1.7
0.9
2.4
2.1
1.5

0.59
1.85
0.88

1333
59
33
46
40
38
48
49
30
40
44
32
43
39
91
32

0.56 30

30

30

30

49

50

57

90
60
53
40
37
35
40
38 7.2

7.68
12.48

7.61
8.45
6.22
6.89

8.1
8.65

7.6
7.89

6
6.5

7.43
7.69

7
7.03

5.9
7.68

6.2
5.9
6.6
6.7
9.1
8.8

7.25
6

8.86
8.2

6.72 1.2
1.2

0.42
1.4

2.35
2.5
0.7

1
1

1329
59
33
46
40
38
46
48
30
40

67.8%
2.4%
2.1%

2.1%

2.5%

2.5%

2.5%

2.5%
2.5%

2.2%

2.2%

2.3%
2.3%

2.3%

2.3%

2.6%
2.6%
2.1%

1.8%
1.8%

1.3
0.3

0.31
1.7

45
32
43
36

0.76 91
1.43

1.1
0.49

32
30

0.4
1.5

51
30
50
301.31

1.31
2.3

2.09
0.75
0.53

1
1.47
2.31
1.94
1.63

40
40

40

35
36

53
58
90
30
57

2.4%

2.4%
2.2%
1.9%
1.9%
2.1%
2.6%
2.5%
2.2%
2.2%
2.0%

−0.50 (−0.92, −0.08)
−0.64 (−2.30, −0.98)
−5.16 (−6.06, −4.26)
−1.32 (−2.21, −0.43)
−1.24 (−1.92, −0.56)
−1.30 (−1.46, −1.14)
−0.72 (−1.03, −0.41)
−2.40 (−3.02, −1.78)
−1.39 (−2.01, −0.77)

0.20(−0.57, 0.97)
−1.04 (−1.65, −0.43)

−0.70 (−0.88, −0.52)
−0.50 (−0.94, −0.06)

0.00 (−0.53, 0.53)
−1.06 (−1.26, −0.86)

−0.30 (−1.03, 0.43)
−1.56 (−1.69, −1.43)
−1.10 (−1.25, −0.95)

−0.40 (−0.96, 0.16)
−0.50 (−1.03, 0.03)

−0.90 (−1.61, −0.19)
−2.00 (−2.32, −1.68)
−0.20 (−1.19, 0.79)

−0.93 (−1.93, 0.07)
−0.60 (−1.24, 0.04)

−2.62 (−2.83, −2.41)
−1.35 (−2.10, −0.60)

−0.21 (−0.59, 0.17)
−1.06 (−1.34, −0.79)

−0.86 (−1.10, −0.62)

−1.00(−1.55, −0.45)
0.10(−0.16, 0.36)

1959 1950 100.0

−2 −1 0 1 2
Favours (experimental) Favours (control)

Figure 4: Meta-analysis of the effect of berberine on fasting plasma glucose (FPG).
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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, I2 = 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,
I2 = 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, I2 = 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, I2 =
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, I2 =
79%, 95% CI (0.69, 0.86)) (Figure 7(b)). There was a
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Figure 5: Meta-analysis of the effect of berberine on 2-hour postprandial plasma glucose (2hPG).
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Figure 6: Continued.
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slightly upregulated tendency in HDL (MD= 0:17, 95% CI
(0.09, 0.25), P < 0:05, I2 = 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, I2 = 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, I2 = 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; I2 = 97%, 95% CI (0.95, 0.98)).

Among them, five reported the efficacy of berberine on
TNF-α, and the results found that berberine reduced the
level of TNF-α in patients with T2DM to some extent
(SMD = −1:44, 95% CI (−2.72, −0.16), P = 0:03, I2 = 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, I2 = 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, I2 = 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, I2 = 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, I2 = 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 HbA1c, 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 HbA1c, 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 I2

value did not change in the mutual conversion. The results
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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).
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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 HbA1c, FPG, and
2hPG. In recent years, three meta-analyses [17, 66, 67] were
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Figure 7: Meta-analysis of the effect of berberine on triglyceride (a) and total cholesterol (b).
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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 (< 1 g/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 (1–2 g) berberine showed

the same effects on reducing HbA1c and 2hPG. Better efficacy
on 2hPG was observed in patients with an intervention dura-
tion of no less than 12 weeks. For HbA1c, 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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Figure 8: Meta-analysis of the effect of berberine on high-density lipoprotein (a) and low-density lipoprotein (b).
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including BMI [68, 69]. Meanwhile, a case-control clinical
trial reported that the HOMA-IR level of T2DM decreased
by 73% with 500mg (×3 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-α 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-α. This indicates that berberine as an
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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-α (TNF-α).
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Figure 10: Continued.
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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 0.6 g to 1.5 g.

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-κB [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 HbA1c, 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

Study or subgroup
Experimental

EventsEvents TotalTotal
Control

Weight
Risk ratio

M-H, random, 95% Cl
Risk ratio

M-H, random, 95% Cl
Cao 2012
Cui 2016
Du 2016

Li 2018
Qiu 2011
Wang 2021
Yin 2011
Yu 2015
Zhang 2005
Zhang 2008
Zhang 2012

Hu 2020

Heterogeneity: Tau2 = 0.57; Chi2 = 29.18, df = 14 (P = 0.010); I2 = 52%
Test for overall effect: Z = 0.76 (P = 0.45)

Zhang 2020
Zhou 2014
Zhu 2015

Total (95% Cl)
Total events

Favours (experimental) Favours (control)

0.002 0.1 1 10 500

61 81
732 730 100.0% 0.81 (0.46, 1.41)

0.83 (0.27, 2.58)
1.00 (0.22, 4.60)

3.71 (1.27, 10.90)
0.20 (0.05, 0.85)

4.48 (0.54, 37.13)

5.00 (0.25, 100.53)
7.28 (0.39, 137.38)

0.14 (0.01, 2.65)
0.73 (0.17, 3.11)
0.03 (0.00, 0.50)

0.80 (0.23, 2.83)
0.72 (0.27, 1.96)
0.28 (0.06, 1.25)
0.38 (0.11, 1.31)
1.35 (0.56, 3.27)9 38 7 40 10.5%

8.3%3 40 408
2 37 7 36 7.0%
6 60

60 60
8 58 9.8%

4 5 8.2%
3 49 0 51 2.9%
2 35 350 2.8%
0 30 303 2.9%
3 49 4 48 7.3%
0 48 15 46 3.1%
5 58 1 52 4.7%
2 38 3810 7.3%

14 98 4 104 9.3%
3 333 33 6.9%
5 59 596 9.0%

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