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Abstract

Objective: To assess the effects of berberine and metformin on glucose in pa-
tients with type 2 diabets mellitus (T2DM) with a systematic review and me-
ta-analysis. Methods: The databases including PubMed, Excerpta Medica Da-
tabase (EMBase), Cochrane Library, Chinese National Knowledge Infrastruc-
ture database (CNKI), WanFang, the Chinese Scientific and Technical Jour-
nals database (VIP), China Doctor Dissertation Full-text Database (CDFD)
and China Master Dissertation Full-text Database (CMFD) from the incep-
tion to April 2021 in Chinese or English language were searched. Randomized
controlled trials (RCTs) of berberine only or combined with metformin ver-
sus metformin were included. Data extraction and paper quality assessment
were conducted according to the Cochrane Handbook. RevMan 5.4 was used
for the meta-analysis. Results: A total of thirteen studies were included, cov-
ering 1173 participants. The clinical heterogeneity of the included trials was
relatively high. The methodological quality of most trials was generally low
with bias in terms of random sequence generation, allocation concealment,
blinding method, outcome data and selective reporting. Interventions were di-
vided into two subgroups for analysis. Meta-analysis suggested that there was
no statistical significance in the hypoglycemic effect between berberine and
metformin for T2DM. However, berberine combined with metformin could
reduce fasting plasma glucose (FPG) [MD = -1.49, 95% CI (-2.22, —0.76), P
< 0.0001], 2-hour postprandial blood glucose (2hPG) [MD = -1.89, 95% CI
(=2.94, —0.84), P = 0.0004], glycosylated hemoglobin Alc (HbAlc) [MD =
—-0.65, 95% CI (-0.91, —0.40), P < 0.00001] and homeostasis model assess-
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ment of insulin resistance (HOMA-IR) [MD = —0.53, 95% CI (-1.03, —0.03),
P =0.04] levels significantly compared with metformin group. No severe ad-
verse effects were reported in all trials. Conclusions: The hypoglycemic effect
of berberine alone is not better than metformin. But berberine combined with
metformin has good efficacy and safety in the treatment of T2DM. The cur-
rent clinical studies are low in methodology and reporting quality, which needs
to be further proved by more high quality, large sample size and multi-center
RCTs.
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1. Introduction

The incidence of type 2 diabetes mellitus (T2DM) is increasing rapidly world-
wide. Thirty years ago, T2DM was a fairly rare occurrence in adults and was al-
most undocumented in children [1]. In 2010, 285 million people with T2DM
comprised approximately 90% of diabetes worldwide [2]. The results of Chronic
Disease and the risk factors in China in 2013 showed that the prevalence rate of
diabetes in adult group was 10.4% and increased to 11.2% in 2017 [3]. The global
prevalence of diabetes is estimated to rise to 592 million by the year 2035, and
there will be more than 500 million patients with T2DM [2].

Metformin, a derivative of biguanide, is one of the most commonly used drugs
to treat T2DM, and it has been used for nearly one century [4]. Guanidine was
found to have anti-diabetic properties in animals in 1918. But unfortunately, it
was toxic in clinical trials [5]. This prompted scientists to find safer substitutions.
In the 1920, metformin (1, 1-dimethyl biguanide hydrochloride) was synthesized.
Since then, metformin became the first choice to treat T2DM due to its remark-
able ability to decrease plasma glucose levels [6]. In recent years, many addition-
al unexpected but effective roles of metformin were found. Studies showed that
metformin exerts a strong effect on numerous cancer [7], cardiavascular disease
(CVD) [8], liver disease [9], obesity [10] and renal disease [11]. Sole medication
or combination therapy with other drugs has shown to be effective to treat dif-
ferent diseases.

Berberine (BBR, molecular formula: C,0H;sNOs, molecular weight: 353.36), an
isoquinoline alkaloid originally isolated from the Chinese herb Coptis chinensis
(Huanglian), is one of the main components of R. coptidis [12]. Berberine has
been used in traditional Chinese, Indian, and middle-eastern folk medicine for
more than 400 years. Its chemical structure as a quaternary base is quite different
from other commonly used hypoglycemic agents, such as sulfonylureas, bigua-
nides, thiazolidinediones, or acarbose. Recent studies have demonstrated that ber-

berine has remarkable effects as an anti-hyperglycemic and anti-hyperlipidemic
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and it reduces weight gain in T2DM [13] [14] [15]. In addition, the beneficial
effects of berberine on cardiovascular, liver, and renal disease have been demon-
strated in both pre-clinical and clinical research [16] [17] [18].

Berberine and metformin share many features in actions despite different struc-
ture and both could be excellent drugs in treating T2DM. Meanwhile, berberine
can improve the intestinal intolerance of metformin [19]. The combination of
the two drugs may bring better hypoglycemic effect. This research used the Coch-
rane systematic evaluation method and evaluated the efficacy and safety of ber-
berine and metformin in treating T2DM in RCTs. It is important clinical signi-

ficance for the development of diabetes therapy.

2. Materials and Methods

2.1. Inclusion Criteria

Studies were included if they fulfilled the following criteria: Randomized con-
trolled trials (RCTs), irrespective of blinding; People with T2DM, preexisting or
newly diagnosed; for the types of interventions, treatments with berberine alone
or combined with metformin compared with metformin. Literature is either
Chinese or English litersture. Some studies contained multiple groups and each
group was considered as a separate study in the analysis. Studies were only in-
cluded if the intervention was given for at least 8 weeks. To be consistent with
changes in diagnostic criteria of T2DM through the years, the diagnosis should
has been established using the diagnostic criteria valid at the time of the begin-
ning of the trial [20]. The diagnosis criteria include WHO 1999 [21] and CDS
2013 [22].

The primary outcomes consisted of fasting plasma glucose levels (FPG), 2-hour
postprandial plasma glucose (2hPG), glycosylated hemoglobin levels Alc (HbAIc).
The secondary outcomes consisted of homeostasis model assessment of insulin
resistance (HOMA-IR) and adverse effects.

2.2. Exclusion Criteria

The exclusion criteria were non-randominzed controlled trials and quasi-ran-
domized controlled trials; abstracts or comments from conference papers; ani-

mal studies and obvious duplicate studies.

2.3. Search Strategy

We searched the following electronic databases for the identification of trials:
PubMed, Excerpta Medica Database (EMBase), Cochrane Library, Chinese Na-
tional Knowledge Infrastructure database (CNKI), WanFang, the Chinese Scien-
tific and Technical Journals database (VIP), China Doctor Dissertation Full-text
Database (CDFD) and China Master Dissertation Full-text Database (CMFD)
from the inception to April 2021 in Chinese or English language. The following
search terms were used: [“Berberine” or “Huangliansu” or “Xiaopojian”] and
[“metformin” or “dimethyldiguanide”] and [“type 2 diabetes mellitus” or “T2DM”
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or “non-insulin-dependent diabetes mellitus”]. In addition, the reference lists

from the articles were manually searched for further studies.

2.4. Data Extraction

Literature selecting: read the article title and abstract, eliminated the studies not
meeting the inclusion/exclusion criteria. Two reviewers independently assessed
trials for inclusion in the review. They extracted data concerning details of the
sample size, interventions, duration of treatment, age and outcomes by using a
standard Microsoft Excel (Microsoft Corporation, office 2016) file. Any disa-

greements were resolved by consensus, or if required by a third reviewer.

2.5. Quality Assessment

Bias is a systematic error other than random error that can lead to differences
between research results and the real situation. There are many sources of bias,
including selection bias, performance bias, detection bias, attrition bias and re-
porting bias. The quality of the included trials was assessed using the Cochrane
risk bias tools (Review Mamager 5.4 provided by the Cochrane Collaboration)
[23]. The criterias include random sequence generation (selection bias), alloca-
tion concealment (selection bias), blinding of participants and personnel (per-
formance bias), blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias) and other bias.
We made judgement on each of these criterias relating to the risk of bias: low,

high, or unclear (indicating unclear or unknown risk of bias).

2.6. Statistical Methods

We used the RevMan 5.4 meta-analysis sofeware to summarize the effects of
berberine. Categorical variables used the odds ratio (OR) and continuous va-
riables used the mean differences (MD) as analysis statistics. 95% confidence in-
terval (95% CI) was used as effective size for the combined analysis. The clinical
and methodological heterogeneity of the included studies was evaluated with X?
test and 2 test. The different berberine and/or metformin intervention metheods
were used for sensitivity subgroup analysis. Reporting bias was explored through
funnel plot analysis when the number of included trials exceeded ten. A fixed-
effect model was used when the studies in the subgroup were sufficiently similar
(P2 < 50%, P> 0.10). Otherwise, a random-effect model was used. When P <
0.05, it indicated that there was a significant difference between the two groups.

Interval estimation and hypothesis test results were shown in the forest plot.

3. Results
3.1. Literature Search Results
The primary searches identified a total of 552 references. 137 articles were screened

after 415 duplicates of the same articles were removed. According to the inclu-

sion criteria, 124 records were excluded because they were not RCTs, animal
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studies, not set control group reasonable, reviews or comments. Finally, thirteen
studies met the eligibility criteria and were included in the systematic review and

meta-analysis. The flowchart of study search results was displayed in Figure 1.

3.2. Characteristics of the Included Studies

The thirteen studies, including eleven in Chinese and two in English, were pub-
lished in 2008-2020. One study [27] was performed as multicenter and the other
studies as single center. All studies were originated from the mainland of China.
Tow studies adopted three-armed group design including berberine, berberine
combined with metformin, and metformin [25] [29]. The other studies adopted
two-armed paralled group design. According to the inclusion criteria, the two
studies were analyzed as four trials [25] [29]. A total of 1173 T2DM patients
were enrolled. Among them, 599 were in the experimental group and 574 in the
control. All articles describled medication on the basis of diet and exercise. See
Table 1.

552 of records 0 of additional
identified through records identified
database through other
searching sources

I |
!

137 of records after
duplicates removed

114 of records
excluded which
were not directly
related to the
topic or animal
studies

137 of records
screened

10 of full-text
articles excluded,
with reasons

13 of studies
included in
quantitative
synthesis
(meta-analysis)

1) Not RCTs
23 of full-text 2) Did not set
articles assessed control group
for eligibility reasonable

Figure 1. Flow chart of the strategy used for the selection of studies used in the meta-

analysis.
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Table 1. Characteristics of the included trials.

Sample size Intervation Mean age (year)
Study (Experimental/ Duration Outcomes
control) Experimental control
Jun'Y, 2008 [24] 15/16 BBR (0.5, tid) Met (0.5, tid) 13W QVO6)
Xue SX, .
2012 (1) [25] 42/45 BBR (0.3, tid) Met (0.75/d) 12W 006
Zhang YD, . .

2012 [26] 38/38 BBR (0.5- 0.8, tid)  Met (0.5, tid) 3M DRBG)
Hao Z, 2010 [27] 50/26 BBR (1.0/d) Met (1.5/d) 2M Q06
Cao Y, 2007 [28] 30/30 BBR (0.5, tid) Met (0.5, tid) 3M DB

Li ML,
17/1 BBR (0.3, ti Met (0.5, ti 12
2008 (1) [29] 7117 R (0.3, tid) et (0.5, tid) W DB
Liu ZM, 2013 iBI\}jIe(? (3(') _soif"dtlodr) Met (0.5, bid
1ua 5 .9, DI
36/32 ] or increase 16 W D235
[30] increase slowly lowly to 2.0/d)
to 2.0/d) slowly to <
Xue SX, BBR (0.45/d) + Met
44/45 Met (0.75/d 12W
2012 (2) [25] / (0.75/d) et (0.75/d) e
Zhou Q, BBR (0.2, tid) + Met )
46/4 Met (0.5, 12
2012 [31] 6/46 (0.5, tid) et (0.5, tid) w @
Zhan HJ, BBR (0.2, tid) + Met )
40/4 Met (0.5, M
2015 [32] 0740 (0.5, tid) et(05,td) 3 REOLO
LuLM, BBR (0.3, tid) + Met
27/2 Met (0.5, bi 2M
2013 [33] 7126 (0.5, bid) et (0.5, bid) e
Jiang WL, BBR (0.3, tid) + Met .
1/51 Met (0.5, tid 12W  63.19+4.82 62.76+45
2019 [34] S5 (0.5, tid) et (0.5, tid) ? ’ DR
Yang X, BBR (0.3, tid) + Met Met
6/96 3M
2020 [35] 96/9 (0.5 - 1.0, bid) (0.5 - 1.0, bid) D2®
Li ML, BBR (0.3, tid) + Met
18/17 Met (0.5, tid 12W
2008 (2) [29] / (0.5, tid) et (0.5, tid) @
Dong KL, BBR (0.3, tid) + Met
49/49 Met (0.5, tid 12W  51.34+443 52.23+4.41
2017 [36] / (0.5, tid) et (0.5, tid) D2®

Note: -, no record; BBR, berberine; Met, metformin; W, week; M, month; O FPG; @ 2hPG; @ HbAlc; @ HOMA-IR; B adverse

effects.

3.3. Risk of Bias in Included Studies

We used RevMan 5.4 to assess the risk of bias in the included thirteen studies

according to the Cochrane Manual [23]. Most of the included trials were of poor

quality. All the studies mentioned random assignment of participants. But only

one study [35] described random sequence generation methods, such as random

number tables. There was insufficient information to determine whether the

randomizations were carried out correctly in the rest of the studies. All the trials

were not describle the allocation concealment and blinding. Three studies [24]
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[27] [28] reported the number of withdrawals and drop-outs in each group. Four
studies [24] [33] [34] [36] were not reported selectively. Two studies [27] [29]
mentioned other biases. None of them reported the reseach plan and sample size

estimation method. The risk of bias in included studies was shown in Figure 2.

3.4. Outcome Indicators

Thirteen studies (fifteen trials) were included in the study. The control groups
were all metformin treatment. Considering that the intervention measures of
berberine treatment were different, the influencing factors such as drug dosage
and course of treatment could not be combined and analyzed. Therefore, the in-
tervention types of experimental and control group were analyzed in subgroups,
which were divided into berberine vs. metformin and berberine combined with

metformin (berberine plus metformin) vs. metformin.

3.4.1. Efficacy of Berberine and Metformin Treatment on FPG

There were six trials compared the effect of berberine vs. metformin on FPG and
nine trials for berberine combined with metformin vs. metformin. Due to high
heterogenerty, 2 > 50%, random-effect (RE) model was used for the analysis.
Subgroup analysis showed that berberine combined with metformin significantly
reduced FPG leval compared with metformin group, [MD = -1.49, 95% CI
(-2.22, -0.76), P < 0.0001]. There was no significant difference between berbe-
rine and metformin, [MD = 0.13, 95% CI (-0.27, 0.54), P= 0.53]. See Figure 3.

3.4.2. Efficacy of Berberine and Metformin Treatment on 2hPG

There were five trials compared the effect of berberine vs. metformin on 2hPG
and nine trials for berberine combined with metformin vs. metformin. Due to
high heterogenerty, 2 > 50%, random-effect (RE) model was used for the analy-
sis. Subgroup analysis showed that berberine combined with metformin signifi-
cantly reduced 2hPG leval compared with metformin group, [MD = -1.89, 95%
CI (-2.94, —0.84), P = 0.0004]. There was no significant difference between ber-
berine and metformin, [MD = 0.11, 95% CI (-1.38, 1.60), P = 0.88]. See Figure
4.

Random sequence generation (selection bias) - |
Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) | |

Blinding of outcome assessment (detection bias) | |

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _
Other bias | -

0% 25% 50% 75%  100%

- Low risk of bias D Unclear risk of bias . High risk of bias

Figure 2. Risk of bias accessed using RevMan 5.4 according to the guidance in the Coch-
rane Handbook. Green represents low risk of bias, yellow represents unclear risk of bias,
and red represents high risk of bias.
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Experimental Control

—Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random,95% Cl

1.1.1 berberine vs. metformin

Cao Ying, 2007 754 162 30 6.16 1.72
Hao Zhang, 2010 77 03 50 76 03
Jun Yin, 2008 685 053 15 7.16 0.71
Li Mingli, 2008(1) 66 19 17 62 18
Xue Shixiong, 2012(1) 62 11 42 59 13
Zhang Yudou, 2012 6.32 21 38 7.25 235
Subtotal (95% Cl) 192

Test for overall effect: Z = 0.63 (P = 0.53)

1.1.2 berberine and metformin vs. metformin

Dong kunlun, 2017 73 105 49 853 1.11
Jiang Weiliang, 2019 5.84 0.92 51 7.33 1.05
Li Mingli, 2008(2) 57 15 18 62 18
Liu Zhimei, 2013 657 05 36 65 06
Lu Lanmin, 2013 6.94 1.87 27 1247 1.72
Xue Shixiong, 2012(2) 55 14 44 59 13
Yang Xin, 2020 64 08 96 71 141
Zhan Hongjing, 2015 67 09 40 72 1
Zhou Quan, 2012 6.24 059 46 8.86 042
Subtotal (95% Cl) 407

Test for overall effect: Z = 3.98 (P < 0.0001)

30
26
16
17
45
38

12.7%
27.8%
21.5%

7.7%
19.9%
10.4%

172 100.0%
Heterogeneity: Tau? = 0.15; Chi? = 17.03, df = 5 (P = 0.004); I = 71%

49
51
17
32
26
45
96
40
46

11.4%
11.5%

9.4%
11.7%

9.9%
11.1%
11.7%
11.5%
11.8%

402 100.0%
Heterogeneity: Tau? = 1.18; Chi2 = 278.11, df = 8 (P < 0.00001); I> = 97%

Test for subgroup differences: Chiz = 14.41, df = 1 (P = 0.0001), 1= 93.1%

Figure 3. Forest plot of outcome measure FPG.

Experimental Control

dv baroup Mean D
1.2.1 berberine vs. metformin

Cao Ying, 2007 926 189 30 742 1.86
Jun Yin, 2008 11.05 0.92 15 12.86 0.77
Li Mingli, 2008(1) 87 19 17 81 17
Xue Shixiong, 2012(1) 96 21 42 9 18
Zhang Yudou, 2012 892 324 38 956 345
Subtotal (95% Cl) 142

30
16
17
45
38
146

20.4%
21.4%
19.4%
20.8%
18.1%
100.0%

Heterogeneity: Tau? = 2.61; Chi? = 50.82, df = 4 (P < 0.00001); I> = 92%

Test for overall effect: Z = 0.15 (P = 0.88)

1.2.2 berberine and metformin vs. metformin

Dong kunlun, 2017 845 135 49 10.33 1.41
Jiang Weiliang, 2019 869 097 51 961 1.08
Li Mingli, 2008(2) 74 16 18 81 17
Liu Zhimei, 2013 87 23 36 95 21
Lu Lanmin, 2013 997 194 27 172 173
Xue Shixiong, 2012(2) 79 13 44 9 18
Yang Xin, 2020 8 12 9 84 13
Zhan Hongjing, 2015 81 12 40 87 14
Zhou Quan, 2012 6.38 188 46 997 1.34
Subtotal (95% CI) 407

49
51
17
32
26
45
96
40
46
402

11.4%
11.6%
10.4%
10.5%
10.6%
11.2%
11.6%
11.4%
11.2%
100.0%

Heterogeneity: Tau? = 2.43; Chi? = 224.25, df = 8 (P < 0.00001); I> = 96%

Test for overall effect: Z = 3.53 (P = 0.0004)

Test for subgroup differences: Chi? = 4.63, df = 1 (P = 0.03), I = 78.4%

Figure 4. Forest plot of outcome measure 2hPG.

Mean Difference

Mean Difference

1V, Random, 95% Cl

1.38[0.53, 2.23]
0.10 [-0.04, 0.24]
-0.31[-0.75, 0.13]
0.40 [-0.84, 1.64]
0.30 [-0.20, 0.80]
-0.93[-1.93, 0.07]
0.13 [-0.27, 0.54]

-1.23 [-1.66, -0.80]
-1.49 [-1.87, -1.11]
-0.50 [-1.60, 0.60]
-0.80 [-1.06, -0.54]

-5.53[-6.50, -4.56]

-0.40 [-0.96, 0.16]
-0.70 [-0.97, -0.43]
-0.50 [-0.92, -0.08]
-2.62[-2.83, -2.41]
1.49 [-2.22, -0.76]

Mean Differenc:

——

2

-1 0 1

2

Favours [experimental] Favours [control]

Mean Difference

1V, Random, 95% Ci

1.84 [0.89, 2.79)
-1.81[-2.41,-1.21]
0.60 [-0.61, 1.81]
0.60 [-0.22, 1.42]
-0.64 [-2.14, 0.86]
0.11 [-1.38, 1.60]

-1.88 [-2.43, -1.33]
-0.92[-1.32, -0.52)

-0.70 [-1.80, 0.40)

-0.80 [-1.85, 0.25)
-7.23[-8.22,-6.24]
-1.10 [-1.75, -0.45)
-0.40 [-0.75, -0.05]
-0.60 [-1.17,-0.03]
-3.59 [-4.26, -2.92)
-1.89 [-2.94, 0.84]

——

>

4

2

T T

0 2 4

Favours [experimental] Favours [control]

3.4.3. Efficacy of Berberine and Metformin Treatment on HbA1c

There were five trials compared the effect of berberine vs. metformin on HbAlc

and seven trials for berberine combined with metformin vs. metformin. Due to
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Experimental
—Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Ci

1.3.1 berberine vs. metformin

Cao Ying, 2007 6.41
Hao Zhang, 2010 6.8
Jun Yin, 2008 7.48
Xue Shixiong, 2012(1) 7.2
Zhang Yudou, 2012 6.62

Subtotal (95% Cl)

1.3.2 berberine and metformin vs. metformin

Dong kunlun, 2017 7.01
Jiang Weiliang, 2019 7.07
Liu Zhimei, 2013 6.3
Lu Lanmin, 2013 6.21
Xue Shixiong, 2012(2) 74
Yang Xin, 2020 6.8
Zhan Hongjing, 2015 7.4

Subtotal (95% Cl)

1.92
0.2
0.4
1.2

1.56

1.03
0.75

04
1.69

38

175
Heterogeneity: Tau? = 0.08; Chi? = 13.41, df = 4 (P = 0.009); I> = 70%
Test for overall effect: Z = 1.01 (P = 0.31)

49
51
36
27
38
96
40

337
Heterogeneity: Tau? = 0.08; Chi? = 27.50, df = 6 (P = 0.0001); I> = 78%

Test for overall effect: Z = 5.09 (P < 0.00001)

high heterogenerty, 2 > 50%, random-effect (RE) model was used for the analy-
sis. Subgroup analysis showed that berberine combined with metformin signifi-
cantly reduced HbA1c leval compared with metformin group, [MD = —0.65, 95%
CI (-0.91, —0.40), P < 0.00001]. There was no significant difference between
berberine and metformin, [MD = -0.17, 95% CI (-0.49, 0.16), P = 0.31]. See
Figure 5.

3.4.4. Efficacy of Berberine and Metformin Treatment on HOMA-IR

Only one trial compared the effect of berberine and metformin vs. metformin on
HOMA-IR. There was sigificant difference between the two groups, [MD = —0.53,
95% CI (-1.03, —0.03), P = 0.04]. No trial compared the effect of berberine vs.
metformin on HOMA-IR. See Figure 6.

Mean Difference
IV, Random, 95% Cl

Control Mean Difference

564 125 30 10.6% 0.77 [-0.05, 1.59]
72 03 26 324%  -0.40[-0.53,-0.27] -
772 043 16 26.6% -0.24 [-0.53, 0.05) T
7 13 45 17.8% 0.20 [-0.33, 0.73] -
733 163 38 12.6% -0.71 [-1.43, 0.01]
155 100.0%  -0.17 [-0.49, 0.16]

7.85 115 49 12.8%  -0.84[-1.27, -0.41]
793 086 51 156%  -0.86[-1.17, -0.55]
66 05 32 17.8% -0.30[-0.52,-0.08]
746 163 26 57% -1.25[-2.14,-0.36]
78 07 40 145%  -0.40[-0.76, -0.04]
77 05 96 19.0%  -0.90[-1.06, -0.74]
78 07 40 146%  -0.40[-0.75,-0.05]

334 100.0%  -0.65[-0.91, -0.40]

1 I 1
t t

2 A 0 1 2
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 5.50, df = 1 (P = 0.02), I = 81.8%

Figure 5. Forest plot of outcome measure HbAlc.

Experimental
—Study or Subgroup  Mean SD Total Mean SD Total Weight

2.1.1 berberine vs. metformin
Subtotal (95% Cl)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.1.2 berberine and metformin vs. metformin
245 1.18

Zhan Hongjing, 2015
Subtotal (95% Cl)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.10 (P = 0.04)

Total (95% Cl)
Heterogeneity: Not applicable

Test for overall effect: Z = 2.10 (P = 0.04)

0

40 298 1.08
40

40

Test for subgroup differences: Not applicable

Control Mean Difference Mean Difference
1V, Fixed, 95% Cl 1V, Fixed, 95% Cl
0 Not estimable

40 100.0% -0.53 [-1.03, -0.03]
40 100.0% -0.53 [-1.03, -0.03]

<>

40 100.0% -0.53 [-1.03, -0.03] -
10

2 -
Favours [experimental] Favours [control]

Figure 6. Forest plot of outcome measure HOMA-IR.
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Experimental

ents

2.2.1 berberine vs. metformin

Cao Ying, 2007 0 30
Hao Zhang, 2010 0 50
Jun Yin, 2008 3 18
Zhang Yudou, 2012 2 38
Subtotal (95% ClI) 136
Total events 5

Heterogeneity: Tau? = 1.70; Chi? = 5.08, df =

Test for overall effect: Z = 1.33 (P = 0.18)

2.2.2 berberine and metformin vs. metformin

Jiang Weiliang, 2019 3 51
Liu Zhimei, 2013 8 36
Subtotal (95% Cl) 87
Total events 1

Heterogeneity: Tau? = 0.00; Chi? = 0.74, df =

Test for overall effect: Z = 2.09 (P = 0.04)

3.4.5. Efficacy of Berberine and Metformin Treatment on Adverse Effects
Six trials reported the number of adverse effects and the other trials only stated a
slight adverse effects of berberine without clear data. Due to high heterogenerty,
P > 50%, random-effect (RE) model was used for the analysis. Subgroup analysis
showed that there was no significant difference between berberine and metfor-
min, [MD = 0.27, 95% CI (0.04, 1.84), P= 0.18]. The other subgroup, the adverse
effects rate of berberine combined with metformin was significantly decreased,
[MD = 0.41, 95% CI (0.18, 0.95), P= 0.04], compared with metformin group. All
reported events were mild, including constipation, diarrhea, nausea and abdo-

minal distension. No serious adverse effects were reported. See Figure 7.

3.5. Sensitivity Analysis

Sensitivity analysis was carried out by eliminating literature one by one. FPG
and HbAlc for the subgroup of berberine vs. metformin, were significantly af-
fected by the article, Cao Y [28]. The results changed from [P = 0.53, £ = 71%,
MD = —0.13, 95% CI (~0.27, 0.54)] and [P= 0.31, 2 = 70%, MD = —0.17, 95% CI
(~0.49, 0.16)] to [P= 0.89, 2 = 50%, MD = —0.02, 95% CI (~0.33, 0.29)] and [P=
0.02, 2 =52%, MD = —-0.29, 95% CI (-0.53, —0.05)], respectively. After excluding
the article, berberine could significantly reduce HbAlc of T2DM compared with
metformin group. The adverse effect in the subgroup changed from [P = 0.18, P
=61%, OR = 0.27, 95% CI (0.04, 1.84)] to [P= 0.003, 2 = 0%, OR = 0.12, 95% CI
(0.03, 0.49)] after removing the article, Jun Y [24]. There was no significant
change in sensitivity analysis for the subgroup of berberine combined with met-

formin vs. metformin.

3.6. Publication Bias Analysis

A funnel plot was made for FPG in the fifteen trials included. Visual inspection

Control Odds Ratio Odds Ratio
ents ot3 eig | Rando 99% M-H. Random,. 9
7 30 24.3% 0.05 [0.00, 0.95] * "
0 26 Not estimable
2 18 356% 1.60 [0.23, 10.94] =
10 38 40.1% 0.16 [0.03, 0.77] - &
112 100.0% 0.27 [0.04, 1.84] ————
19

2 (P=0.08); 2= 61%

10 51 385% 0.26 [0.07, 0.99] — &
1 32 615% 0.55 [0.19, 1.59] —
83 100.0% 0.41 [0.18, 0.95] .

21

1(P=0.39); P=0%

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 0.14, df = 1 (P = 0.71), I? = 0%

Figure 7. Forest plot of adverse effects.
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showed obvious asymmtetry between the left and right sides of the symmetry

axis, suggesting potential publication bias. See Figure 8.

4. Discussion

4.1. Summary of Evidence

Fifteen RCTs with 1173 participants evaluating the efficacy and safety of berbe-
rine and metformin in patients with T2DM were eligible and included. Meta-
analysis showed that berberine combined with metformin remarkably lowered
plasma concentrations of FPG [MD = —1.49, 95% CI (-2.22, —0.76), P < 0.0001],
2hPG [MD = -1.89, 95% CI (-2.94, —0.84), P = 0.0004], HbAlc [MD = —-0.65,
95% CI (-0.91, —0.40), P < 0.00001] and HOMA-IR [MD = —0.53, 95% CI (-1.03,
—0.03), P = 0.04]. But berberine monotherapy was not superior to metformin in
the hypoglycemic effect. The incidence of adverse events did not differ between
berberine and metformin group. However, berberine combined with metformin
significantly reduced the incidence of adverse events, [MD = 0.41, 95% CI (0.18,
0.95), P = 0.04], in other subgroup. It is possible that berberine may prevent
metformin-associated lactic acidosis in treatment of diabetes [37]. In a world,
the adverse effects were commonly gastrointestinal discomforts including con-
stipation, diarrhea, nausea and abdominal distension. No serious adverse effects
from berberine and metformin were reported. These results indicate that berbe-

rine and metformin treatment is effective and safe for treating T2DM.

4.2. Comparison with Previous Studies

Our meta-anlysis has some strength in comparison with previous systematic

0+ SE (MD) .
e}
o :
®
O
4t !
0 ! o
O
0.61 '
\ O
0.8t '
| . :. . . MD
-2 -1 0 1 2
Subgroups
berberine vs. metformin <> berberine and metformin vs. metformin
Figure 8. Funnel plot of outcome measure FPG.
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review. The study included several newly-published trials and preformed sub-
group analysis. The results of our meta-analysis are similar to those of Chen WN
and Lan JR [38] [39], regarding FPG, 2hPG and HbAlc. We added HOMA-IR to
evaluate the hypoglycemic effects, and berberine combined with metformin also
significantly reduced HOMA-IR. But the level of evidence was not high because
of only one study included. We carried out the sensitivity analysis by eliminating
literature one by one. After excluding the article, Cao Y [27], FPG and HbAlc
for the subgroup of berberine vs. metformin changed from [P = 0.53, 7 = 71%,
MD = —-0.13, 95% CI (-0.27, 0.54)] and [P = 0.31, = 70%, MD = —0.17, 95% CI
(—0.49, 0.16)] to [P = 0.89, 2 = 50%, MD = —0.02, 95% CI (—0.33, 0.29)] and [P =
0.02, P = 52%, MD = -0.29, 95% CI (-0.53, —0.05)], respectively. It is different
from the previous analysis.

4.3. Limitations

There are several limitations that should be considered before recommending
the conclusion of this review for clinical practice. First, appropriate randomiza-
tion is necessary to avoid selection bias. Nevertheless, random sequence genera-
tion and allocation concealment were not reported in detail in the included tri-
als. Most trials only stated that participants were randomly assigned, but without
further details. Second, all the trials did not apply blinding; therefore, non-
double-blinding may led to performance bias. Third, All the trials were conducted
among Chinese participants in the mainland of China and they did not describle
the study plan or publish a study protocol in advance; therefore, attrition bias
and selective reporting bias might exist. Fourth, there was heterogeneity in the
interventions, as can be seen from the primary characteristics of included trials.
The optimal dose, optimal duration of berberine and metformin, even interac-
tions between them requires further study. Finally, publication bias might exist
in this review. Therefore all of the outcomes should be carefully interpreted

based on substantial methodological and clinical diversity.

4.4. Implications for Research

This meta-analysis comprehensively quantified the efficacy and safety of berbe-
rine and metformin in the treatment of T2DM. Thirteen studies (fifteen trials)
with 1173 participants were included. Although berberine plus metformin can
remarkably improve blood sugar profiles, the evidence must be considered in-
conclusive. This is because the available studies had high heterogeneity and high
risk of bias. Furthermore, the safety of the new drug, berberine, is unproven be-
cause of the lack of toxicological evidence, despite the fact that adverse events
have been reported only rarely.

Further research should emphasize methodological quality, especially the me-
thods of randomisation, allocation concealment, adequacy of blinding and sam-
ple size estimation, so that selection bias, performance bias, detection bias, attri-
tion bias and reporting bias can be avoided. Moreover, registration of the trial

protocol is essential to ensure reliability of trial results. Studies sample should be
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large with a long term follow-up to assess long term effects and safety of berbe-
rine and metformin. Finally, report strictly according to CONSORT [40] to im-

prove the levels of evidence and clinical values.

5. Conclusion

The evidence from our meta-analysis suggests that berberine combined with
metformin has a significant hypoglycemic effect and safety for T2DM. There is
no obvious difference in hypoglycemia between berberine and metformin group.
Due to the lack of high quality clinical trials, the efficacy of berberine alone or
combined with metformin at treating T2DM remains to be validated. It needs to

be further verified by high-quality, large sample size and multi-center RCTs.
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