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Ethnopharmacological relevance: Berberine, extracted from Coptis Root and Phellodendron Chinese, has
been frequently used for the adjuvant treatment of type 2 diabetes mellitus, hyperlipidemia, and
hypertension in China. Safety and efficacy studies in terms of evidence-based medical practice have
become more prevalent in application to Chinese Herbal Medicine. It is necessary to assess the efficacy
and safety of berberine in the treatment of type 2 diabetes mellitus, hyperlipidemia and hypertension by
conducting a systematic review and meta-analysis of available clinical data.

Materials and methods: We searched the English databases PubMed, ScienceDirect, Cochrane library,
EMbase, etc., and Chinese databases including China biomedical literature database (CBM), Chinese
Technology Journal Full-text Database, Chinese journal full text database (CNKI), and Wanfang digital
periodical full text database. Relevant studies were selected based on the inclusion and exclusion criteria.
Meta-analysis was performed with RevMan5.0 software after data extraction and the quality of studies
assessment.

Results: Twenty-seven randomized controlled clinical trials were included with 2569 patients. There are
seven subgroups in our meta-analysis: berberine versus placebo or berberine with intensive lifestyle
intervention versus intensive lifestyle intervention alone; berberine combined with oral hypoglycemic
versus hypoglycemic alone; berberine versus oral hypoglycemic; berberine combined with oral lipid
lowering drugs versus lipid lowering drugs alone; berberine versus oral lipid lowering drugs; berberine
combined with oral hypotensor versus hypotensive medications; berberine versus oral hypotensive
medications. In the treatment of type 2 diabetes mellitus, we found that berberine with lifestyle
intervention tended to lower the level of FPG, PPG and HbA;. than lifestyle intervention alone or placebo;
the same as berberine combined with oral hypoglycaemics to the same hypoglycaemics; but there was
no statistical significance between berberine and oral hypoglycaemics. As for the treatment of
hyperlipidemia, berberine with lifestyle intervention was better than lifestyle intervention, berberine
with oral lipid lowering drugs was better than lipid lowering drugs alone in reducing the level of TC and
LDL-C, and raising the level of HDL-C. In the comparative study between berberine and oral lipid
lowering drugs, there was no statistical significance in reducing the level of TC and LDL-C, but berberine
shows better effect in lowering the level of TG and raising the level of HDL-C. In the treatment of
hypertension, berberine with lifestyle intervention tended to lower the level of blood pressure more than
the lifestyle intervention alone or placebo did; The same occurred when berberine combined with oral
hypotensor was compared to the same hypotensor. Notably, no serious adverse reaction was reported in

Abbreviations: CBM, China biomedical literature database; CNKI, Chinese journal full text database; RCT, randomized controlled trials; IDF, International Diabetes
Federation; WHO, World Health Organization; ITT, intention-to-treat; FPG, fasting blood glucose; PPG, postprandial plama glucose; HbA,, glycosylated hemoglobin; TC, total
cholesterol; TG, triglyceride; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure; RR, risk ratio; MD, mean difference; 95% CI, 95% confidence interval
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the 27 experiments.

Conclusion: This study indicates that berberine has comparable therapeutic effect on type 2 DM,
hyperlipidemia and hypertension with no serious side effect. Considering the relatively low cost
compared with other first-line medicine and treatment, berberine might be a good alternative for low
socioeconomic status patients to treat type 2 DM, hyperlipidemia, hypertension over long time period.
Due to overall limited quality of the included studies, the therapeutic benefit of berberine can be
substantiated to a limited degree. Better methodological quality, large controlled trials using standar-
dized preparation are expected to further quantify the therapeutic effect of berberine.

© 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Diabetes, hyperlipidemia and hypertension are the clinical syn-
dromes caused by the compounding genetic and environmental fac-
tors. They are common diseases, frequently occurring on a global scale.
According to the International Diabetes Federation (IDF) statistics: the
number of diabetes patients worldwide in 2011 has reached 366mil-
lion, an increase of nearly 30% compared with 285million in 2010
(Ge and Xu, 2013). Type 2 diabetes accounts for the type of diabetes in
the vast majority of patients with diabetes (95%). One of the significant
features of diabetes mellitus is a malfunctioning of lipid metabolism,
which results in hyperlipidemia. Hypertension can be an independent
disease or occur with diabetes and hyperlipidemia, another survey by
an online medical literature analysis and retrieval system calculates
the morbidity, awareness rate, treatment rate, and control rate of
hypertension in different regions of world between January1980 and
July 2003 (Kearney et al., 2004). The results show dissimilarity in the
rate of prevalence of hypertension in different parts of the world, but
overall, hypertension prevalence is increasing worldwide (Kearney
et al,, 2005). Currently, many new varieties of oral hypoglycemic, lipid-
lowering drugs and hypotensor have been developed, and have been

enlisted as treatment options, but the expensive price places a heavier
burden on patients' financial needs. In addition, side effects occurring
during the treatment might need to be reviewed to make sure the
safety of berberine is evidence based.

At the beginning of the 20th century, berberine (molecular
formula, C30H19NOs; molecular weight, 353.36) was extracted from
traditional Chinese medicine - Coptis Root (Chinese name, huang
lidn) and Phellodendron Chinese (Chinese name, hudng bai) by
Japanese and German scholars. The brand name is called Compound
Berberine Tablets (fu fang huang lian st pian) (Zhang and Ji, 1999).
Dozens of other plants such as Mountain Dragon (Chinese name, gt
shan 16ng), barberry root (Chinese name, san ke zhen), and Chinese
Mahonia Stem (Chinese name, gong lao mu) also contain berberine
(Ren and Gao, 2009). The plants above are indigenous herbs that
have grown in China for thousands of years. The purification of
berberine has made this new tablet increasingly prevalent in clinical
usage. The main component of this tablet is berberine hydrochloride,
and the adjuvant materials are starch, hydroxypropyl cellulose, silica,
magnesium stearate, dextrin, sucrose, and talc powder. The purity of
berberine varies between plants (Lei, 2010).
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Recent studies show that berberine has the clinical effect of
controlling arrhythmia, lowering blood lipid, lowering blood pressure
and reducing blood sugar. It also effectively promotes regeneration in
Islet cells and contributes to recovery of islet function (Zhang, 2006).
In terms of traditional Chinese medicine, berberine has the clinical
effect of clearing “heat”, purging “fire” and removing “dampness”. As
a traditional, cheap medicine, it is extensively used in the diseases of
the digestive system. It is also widely used in the treatment of
diabetes, hyperlipidemia and hypertension. Animal experiments have
proved that berberine is able to inhibit hepatic gluconeogenesis in
order to improve fasting blood sugar levels in diabetic mice without
dependence on insulin levels (Xia et al., 2011). It regulates blood lipid
through multiple mechanisms: increasing the expression of low
density lipoprotein receptors to activate adenosine monophosphates
and inhibit lipid synthesis; improving lipoprotein lipase activity;
inhibiting the expression of peroxisome proliferator activated by
receptor y to retrain adipocyte differentiation; and reducing the
serum free fatty acid (He et al., 2004). Moreover, according to reports
in the literature, traditional Chinese medicine berberine has the
effect of lowering blood pressure. Its mechanism is the enhancement
of acetylcholine and peripheral vasodilatation by anti-cholinesterase
(Jiangsu New Medical College, 1997).

Currently, large numbers of medical studies had been done on the
treatment of berberine in diabetes, hyperlipidemia and hypertension
by clinical scientists. The unique therapeutic effects and decreased
side effects of berberine are well presented. But no one has done a
systematic evaluation for it. This research uses the Cochrane system
evaluation method and evaluates the efficacy and safety of berberine
in treating type 2 diabetes, hyperlipidemia and hypertension in
several randomized controlled trials. This can provide a critical refe-
rence for clinical decision making.

2. Materials and methods
2.1. Object and standard

2.1.1. Inclusion and exclusion criteria

Studies were included if they fulfilled the following criteria:
Design of parallel RCT of berberine in treatment of diabetes,
hyperlipidemia and hypertension, whether allocation concealment
and blinding was used or not; Literature is either Chinese or English
literature.

Studies were excluded if: course of treatment lasted less than one
week or curative effects could not be judged because of incomplete
information. Other specific types of diabetes include gestational dia-
betes mellitus; Secondary hyperlipidemia; Secondary hypertension.
The control group of non oral hypoglycemic drugs, oral hypotensor;
Repeated literatures.

2.1.2. Object of study

Type 2 diabetes, hyperlipidemia and hypertension patients, diag-
nostic criteria: Diagnosis of Diabetes and hypertension was based on
WHO formulation and hyperlipidemia was confirmed with diagnos-
tic criteria in “Chinese adult dyslipidemia Prevention Guide” (China
Adult Dyslipidemia Prevention Guidelines for Joint Committee,
2007). Patients with serious cardiovascular and cerebrovascular dis-
ease were excluded. Patients with obvious abnormality of liver and
kidney function were excluded; Patients with severe adverse reac-
tions to drug intervention were excluded; Patients associated with
other diseases that may affect blood glucose, blood lipid, blood
pressure and other indicators were excluded.

2.1.3. Intervention measures
Berberine group (test group) versus placebo group, lifestyle
intervention group or hypoglycemic, lipid-lowering, blood pressure

medicine group (control group). Berberine group combined with
hypoglycemic, lipid-lowering, blood pressure medicine group (test
group) versus hypoglycemic, lipid-lowering, blood pressure medi-
cine group (control group).

2.14. Outcome indicators

Fasting plasma glucose (FPG), 2 h postprandial plasma glucose
(FPG), glycated hemoglobin (HbA;.), total cholesterol (TC),
triglyceride (TG), low density lipoprotein (LDL-C), high density
lipoprotein (HDL-C) systolic blood pressure (SBP), diastolic blood
pressure (DBP), adverse reaction.

2.2. Search strategy

We searched PubMed, ScienceDirect, Cochrane library, EMbase
and so on. With regard to Chinese databases, China biomedical
literature database(CBM), Chinese Technology Journal Full-text Data-
base, Chinese journal full text database (CNKI) and Wanfang digital
periodical full text database were searched. The retrieval time is from
the establishment of the database to April 2011. Terms used in search
are “Berberine”, “Huangliansu”, “Diabetes”, “Hypertension” and
“Hyperlipemia”. The animal experiments are excluded.

2.3. Literature selecting and data extraction

Literature selecting: read the article title and abstract, eliminated
the studies not meeting the inclusion/exclusion criteria. For those that
were more ambiguous, full text was accessed and then a choice was
made; Data extraction: general data includes published information,
patient information, test drug information, the quality information, the
index and data of result etc. Literature selecting and data extraction
processes were independent, then the results were cross-checked.

2.4. Quality assessment and statistical methods

We used the Jadad Score for randomized controlled studies. The
Jadad Score, a well validated and widely used scale, evaluates the
quality of reports with a numerical coring system from 0 to 7, 1-3
points is considered low quality, 4-7 points is regarded as a high
quality. (Jadad et al., 1996). The quality appraisal of literature includes:
stochastic methods, hidden distribution, blind method, quit or lost.

We carried out quantitative and qualitative analyses to corrected
data. RevMan5.0 software was downloaded from Cochrane collabora-
tion and used for meta-analysis. Analyzed the clinical and methodo-
logical heterogeneity of the included studies, used 4 test and I test to
judge statistical heterogeneity. When P> 0.1, I> < 50%, and each study
did not show significant heterogeneity, we used the fixed effect model.
When P<0.1, P>50% and each study showed significant hetero-
geneity, we made the subgroup analysis (according to the possible
factors of heterogeneity) or sensitivity analysis. If the heterogeneity
still existed and data based on the clinical significance view could be
merged, we used the random effect model and explain the results
cautiously. Categorical variables used the risk ratio (RR) as analysis
statistics. Continuous variables used the mean difference (MD) as
analysis statistics. 95% confidence interval (95% CI) will be used as
effective size for the combined analysis. Hypothesis testing was carried
out with u test, which was represented by Z and P. 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.
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Table 1

The characteristics of the included studies.
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Included trials Sample size Testing scheme Intervention measures Duration (days) Outcomes Jadad scores
(Test group/control group) (1/2/3)
Trials of berberine in the treatment of type 2 diabetes mellitus (17 trials)
Yin et al. (2008) 15/16 RAN BER, LI METF, LI 91 ABCDEFGI 5
Gu et al. (2010) 30/30 CEN BER PLACEBO 90 ABCDEFGH 5
Zhang et al. (2008) 58/52 CEN BER, LI PLACEBO, LI 84 ABCDEFGHI 5
Cao et al. (2012) 38/40 RAN BER, METF METF 112 ABCDEFGI 3
Ding et al. (1996) 21/22 UNKN BER PHE 60 ABI 2
Liu and Hu (2008) 30/30 NUM BER, MET, LI METF, LI 56 ABC 4
Ning et al. (2013) 22[22 BLI BER, METF, LI METF, LI 112 ACDEI 4
Ren (2008) 31/30 RAN BER, LI LI 84 ABCDEFGI 3
Sheng and Xie (2010) 30/30 RAN BER, GLIP, METF GLIP, METF 90 Al 3
Ye (2009) 40/40 RAN BER, GLIM, MET GLIM, MET 90 ABCDEFGI 3
Zhang et al. (2011) 30/30 RAN BER, LI ROS, LI 90 ACDEF 3
Zhang et al. (2010) 50/26/21 RAN BER METF ROS 60 ACDI 4
Cao (2007) 30/30/30 RAN LI METF, LI BER, LI 90 ABCDEFGI 3
Jin (2014) 40/40/40 RAN METF BER NAT UNKN DEFGHI 2
Li and Liu (2007) 50/51/51 RAN GLIP BER GLIP, BER 60 ABCDEFGI 3
Xiang et al. (2011) 20/20/20 RAN LI ASP, LI BER, LI 84 ABCDEFI 3
Zhu et al. (2008) 55/55/50 RAN BER, LI BER, MET, LI METF, LI 90 ABCI 3
Trials of berberine in the treatment of hyperlipidemia (six trials)
Su et al. (2012) 60/60 RAN BER, SIM SIM 56 DEFGI 2
Yu et al. (2007) 50/50 RAN BER, SIM SIM 84 DEFI 3
Zhou and Huang (2011) 60/60 RAN BER, LI LI 120 DEFG 3
He et al. (2007) 38/38/40 RAN SIM BER SIM, BER 90 DEFGI 3
Wei et al. (2003) 34/16/18 UNKN BER SIM ATO 60 DEFG 2
Zheng et al. (2009) 33/33/33 RAN SIM BER BER, SIM 56 DEFGI 3
Trials of berberine in the treatment of hypertension (four trials)
Huang (2013) 84/80 NUM BER, AML AML 56 DEFGH 4
Sun et al. (2013) 32/32 RAN BER, AML AML 56 DEFGH 3
Zhong et al. (1997) 96/96 UNKN BER NIT 28 HI 2
Han et al. (1999) 55/50/55 RAN BER METO METO 28 HI 3

Note - BER: berberine; LI: lifestyle intervention; UNKN: unknown; METF: Metformin; ROS: rosiglitazone; SIM: simvastatin; GLIP: glipizide; AML: amlodipine; PHE:
phenformin; NIT: nitrendipine; GLIM: glimepiride; NUM: the method of random number; CEN: center randomized double blind; BLI: randomized controlled double blind
principle; ASP: aspilin; METO: metoprolol; SIM: simvastatin; ATO: atorvastatin; NAT: nateglinide; A: FPG; B: PPG; C: HbA,; D: TC; E: TG; F: LDL-C; G: HDL-C; H: BP; I:

adverse reactions.

3. Result
3.1. Description of studies

3.1.1. The general characteristics of included studies

After serial selection and evaluation, finally, 27 articles were
included in this study, as presented in Table 1. Four articles (Yin
et al,, 2008; Zhang et al., 2008, 2010; Gu et al., 2010) were published in
English and the remaining 23 studies were published in Chinese. A
total of 2569 patients met the inclusion criteria and entered the study.
The trials (Cao, 2007; Ren, 2008) are graduate theses, the others are
journal articles; The 17 articles of berberine research in the treatment
of type 2 diabetes mellitus (containing 1366 patients with diabetes). In
the study of the treatment of diabetes, 11 trials adopted a two-armed
parallel group design and six trials adopted a three-armed group
design. Among six articles about hyperlipemia containing 623 patients
with hyperlipidemia, three trials adopted a two-armed parallel group
design and three trials adopted a three-armed group design. Among
four articles about hypertension containing 580 hypertensive patients,
three trials adopted a two-armed parallel group design and one trial
adopted a three-armed group design. In the 17 trials about the
treatment of type 2 diabetes mellitus, there are four trials (Ding et
al., 1996; Liu and Hu, 2008; Zhu et al., 2008; Sheng and Xie, 2010)
monitored the blood glucose and adverse reaction. The other 13 trials
also had monitored cholesterol or blood pressure. In view of the
complexity of clinical trial, some patients with diabetes may have both
hyperlipidemia and hypertension, but there were not a specific
number stated in the vast majority of the literature. In the six

hyperlipidemia trials, only blood lipid and adverse reaction were
monitored. In four hypertension trials, only blood lipid and adverse
reaction were monitored. The duration of interventions in the diabetes
trials was different, ranging from 56 days to 112 days, 56 days to 120
days in hyperlipidemia trials and 28 days to 56 days in hypertension
trials. The trials (He et al., 2007; Li and Liu, 2007) tested relevant
indices in three period, in order to reduce the difference of course of
treatment. For data from the trial (Li and Liu, 2007), we chose the
index in 60 days. For data from the trial (He et al., 2007), we chose 90
days. The basic information of the literature is shown in Table 1.

3.1.2. Test group and control group

In these 27 trials, there is no obvious difference between the
number of most parallel groups, except two trials. In one trial
(Zhang et al., 2010), the numbers of three parallel groups were 50,
26 and 21, in another trial (Wei et al., 2003), the numbers of three
parallel groups were 34, 16 and 18. The large gap of the number can
cause heterogeneity in meta-analysis. We divided them into the
subgroup to overcome this gap problem. If the data from the clinical
significance view can be merged, we used the random effect model.

The dose of berberine used in the included trials was different.
Berberine intake was generally in a range between 0.6 g (Jin, 2014)
and 2.7 g (Li and Liu, 2007) per day. There were eight trials (Zhong
et al., 1997; Cao, 2007; Yu et al., 2007; Ren, 2008; Zhou and Huang,
2011; Su et al.,, 2012; Huang, 2013; Sun et al., 2013) used 0.9 g per
day eight trials (Wei et al., 2003; He et al., 2007; Yin et al., 2008;
Zhu et al., 2008; Ye, 2009; Sheng and Xie, 2010; Cao et al., 2012;
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Ning et al., 2013) used 1.5 g per day, three trials (Zhang et al., 2008,
2010; Gu et al., 2010) used 1.0 g per day, two trials (Ding et al., 1996;
Liu and Hu, 2008) used 0.9-1.5 g per day, two trials (Zheng et al.,
2009; Xiang et al, 2011) used 1.2 g per day, the trial (Han et al,
1999) used 1.2-1.8 g per day and the trial (Zhang et al., 2011) with
the dose of berberine 0.02 g per kg.

The category of drug in the control group is extensive, there is
metformin, phenformin, glipizide, rosiglitazone etc. as a hypogly-
cemic western drug; simvastatin and atorvastatin as lipid-lowering
drug and nitrendipine, amlodipine and metoprolol as hypotensor.
The dose in the test group and control group is the same, for
example, in the trial (Cao et al., 2012), the dose of metformin in test
group is 1.5 g and the same in the control group. In the trial (Han
et al., 1999), both of the control groups used Metoprolol, but the
dose was different, the dose of metoprolol in group 2 was
100-200 mg per day and 50-100 mg per day in group 3. Both the
trials (Zhang et al., 2008; Gu et al., 2010) used placebo which were
not described in detail.

In these 27 trials, some studies randomized participants to receive
berberine with a co-intervention of lifestyle intervention versus a
control of lifestyle intervention alone and/or plus placebo. Some
trials compared berberine with one kind of oral western medicine.
Some trials compared a co-intervention of berberine and one or two
types of oral western medicine with control of the same drugs. The
design of these trials is different and this is the basis of subgroup
classification.

The trials (Han et al., 1999; Zhang et al., 2010; Jin, 2014)
contained two control groups, so we divided them into two groups.
They are Han et al. (1999) - A and B, Zhang et al. (2010) - A and B,
Jin (2014) - A and B.

3.1.3. Quality of studies

In the included 27 articles, the methodological quality of most
trials in this meta-analysis was low. The trials (Zhang et al., 2008;
Gu et al,, 2010) used center randomized double blind, the trials (Liu
and Hu, 2008; Huang, 2013) used the method of random number
tables, the trial (Ning et al., 2013) used the randomized double blind
principle, the trials (Zhong et al., 1997; Wei et al., 2003) did not
clearly define the test scheme, the rest of the studies only
mentioned randomized controlled. All studies are unclear in alloca-
tion concealment. The trials (Zhang et al., 2008) have lost partici-
pants, and used intention-to-treat (ITT)analysis, the rest experience
had not lost participant. In the Jadad scale, 15 studies got 3 points
and five studies got 2 points (low quality), three studies got 5 points
and four studies got 4 points (high quality) as shown in Table 1.

3.2. Intervention measures

The 27 included trials differed in the type of the disease and
treatment measures, therefore, subgroup analyses were per-
formed on intervention type of the treatment group, which is
shown in Table 1. specific forms in different subgroup lied in the
following:

(1) Berberine versus placebo or berberine with intensive lifestyle
intervention versus intensive lifestyle intervention. The aim is
to understand if the effect of berberine treatment is superior to
that of the placebo or intensive lifestyle intervention.

(2) Berberine combined with oral hypoglycaemics versus the
same hypoglycaemics alone. The aim is to understand if the
basic hypoglycemic western medicine plus berberine is better
than single western medicine.

(3) Berberine versus oral hypoglycaemics. Aim to understand if
the effect of berberine therapy in patients with type 2 diabetes
is superior to hypoglycemic western medicine.

(4) Berberine combined with oral lipid lowering drugs versus the
same lipid lowering drugs. The aim is to understand if the
basis of lipid-lowering western medicine plus berberine is
better than western medicine alone.

(5) Berberine versus oral lipid lowering drugs. The aim is to
understand if the berberine in treatment of hyperlipidemia is
superior to lipid-lowering western medicine.

(6) Berberine combined with oral hypotensor versus the same
hypotensor. The aim is to understand if oral hypotensor plus
berberine is superior to oral hypotensor.

(7) Berberine versus oral hypotensor. The aim is to understand
whether berberine treatment in patients with hypertension is
superior to hypotensor medicine.

3.3. Outcome indicators

3.3.1. Berberine with lifestyle intervention versus lifestyle
intervention alone or berberine versus placebo

3.3.1.1. Effect on blood glucose and glycosylated hemoglobin. As
shown in Fig. 1, five trials (Cao, 2007; Ren, 2008; Zhang et al., 2008;
Gu et al,, 2010; Xiang et al,, 2011) were used for comparing with the
effect of berberine group with control group on the blood glucose and
glycosylated hemoglobin. Berberine group contained 169 patients and
control group 162 patients. No significant heterogeneity was shown
between the results (FPG: P=35%, P=0.9; PPG: P=0% P=0.45;
HbA;.: P=19%, P=0.3), so we use the fixed effect model for meta-
analysis. The results showed that berberine group was more effective
in reducing blood glucose and glycated hemoglobin levels than the
control group [FPG: MD= —0.86 mmol/L, 95% CI (—1.14,—0.57),
P<0.00001; PPG: MD=—191 mmol/L, 95% CI (-245,—136),
P <0.00001; HbA;.: —0.71%, 95% CI (—0.94,—0.49), P < 0.00001].

3.3.1.2. Effect on blood lipids (TC, TG, LDL-C, HDL-C). Six trials (Cao,
2007; Zhang et al., 2008; Ren, 2008; Gu et al., 2010; Xiang et al., 2011;
Zhou and Huang, 2011) were used to compare the effect of berberine
group with control group on blood lipids. The berberine group
contained 229 patients and the control group 222 patients. The trial
(Xiang et al,, 2011) did not compare the effects on the level of HDL-C.
For the study on TC and TG, the results have statistical heterogeneity
(TC: ’=83%, P<0.0001; TG: P=60% P=0.03). Each study dem-
onstrated clinical homogeneity (divided into the subgroups with
patient's age, sex, course of treatment being similar at baseline
between the two groups), therefore, a random effects model was
used for meta-analysis. No statistical heterogeneity was shown in
research results of LDL-C and HDL-C (LDL-C: >=38%, P=0.15; HDL-C:
P=0%, P=0.97), so we used the fixed effect model for meta-analysis.
Through the comparative study of berberine and lifestyle intervention
or placebo, the results indicated that the berberine group can more
effectively reduce blood lipid level than the control group [TC:
MD= —-0.66 mmol/L, 95% CI (—102, -031), P=0.0002; TG:
MD= —-0.39 mmol/L, 95% CI (-0.59, —0.19), P=0.0001; LDL-C:
—0.65mmol/L, 95% CI (—0.75, —056), P<0.00001; HDL-C:
0.07 mmol/L, 95% CI (0.04, 0.1), P < 0.00001] as shown in Fig. 1.

3.3.1.3. Effect on blood pressure (SBP, DBP). Three trials (Zhang
et al,, 2008; Gu et al,, 2010; Jin, 2014) were used in comparing
the effect of the berberine group and the control group on blood
pressure. The trial (Jin, 2014) adopted two blank control groups; it
actually has four comparative research components as shown in
Fig. 1. The berberine group contained 168 patients and the control
group contained 162 patients. No significant heterogeneity was
shown among the results of research, (SBP: I?’=0%, P=0.92; DBP:
2=0%, P=0.88), so we used the fixed effect model for meta-
analysis. The results showed that berberine group can be more
effective in reducing blood pressure than the control group [SBP:
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FPG (mmo1/L) Experimental Control Mean Difference Mean Difference

Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI

Cao 2007 7.54 164 30 784 163 30 120% -0.30[1.13,053] _

Guetal.2010 55 09 30 63 13 30 256% -0.80[1.37,-0.23 —

Ren 2008 613 085 31 691 186 30 154% -0.78[1.51,-0.05]

Xiang etal.2011 626 1.21 20 794 1.31 20 13.4% -1.68[-2.46,-0.90)

Zhang et al. 2008 56 089 58 64 16 52 337% -0.80[1.29,-0.31) ——

Total (95% CI) 169 162 100.0% -0.86[-1.14,-0.57] >

Heterogeneity: Chi*= 613, df= 4 (P = 0.19); = 35% 5 4 1 ¥

Test for overall effect: Z=5.86 (P < 0.00001) Favours experimental Favours control
PPG (nmol /L) Experimental Control Mean Difference Mean Difference

Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% CI

Cao 2007 9.26 189 30 1113 23 30 26.2% -1.87[-2.94,-0.80) —

Guetal.2010 88 21 30 115 28 30 189% -270(-3.95-145 —

Ren 2008 798 1.9 31 895 349 30 148% -097[2.39, 045 .

Xiang etal.2011 873 213 20 1021 27 20 131% -1.48(-2.99,003] I

Zhang etal. 2008 89 28 58 11 28 52 27.0% -210[-3.15,-1.0§) e

Total (95% CI) 169 162 100.0% -1.91[-2.45,-1.36] R o

Heterogeneity: Chi*= 3.66, df = 4 (P = 0.45), F= 0% * 3 3 o)

Testioroverall effect: 2= 6.85(P «/0.00001) Favours experimental Favours control
HbALc (%) Experimental Control Mean Difference Mean Difference

Study or Subgrouy Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Cao 2007 6.41 192 30 696 1.19 30 77% -055(-1.36,026) —

Guetal.2010 67 09 30 74 11 30 19.4% -0.70[1.21,-0.19] ————

Ren 2008 6.04 062 31 6.6 1.09 30 251% -0.56[1.01,-0.11) ——

Xiang etal.2011 684 15 20 848 132 20 65% -1.64[25 76

Zhang et al. 2008 66 07 58 73 11 52 41.2% -0.70[1.05,-0.35] ——

Total (95% CI) 169 162 100.0% -0.71[-0.94,-0.49] L 4

Heterogeneity: Chi*= 4.92, df= 4 (P = 0.30); F= 19% b §) 1 ¥

Test for overall effect: Z= 6.25 (P < 0.00001)
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TC (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95% Cl IV, Random, 95% CI
Cao 2007 538 047 30 554 025 30 198% -0.16[-0.35,003] -
Guetal.2010 408 085 30 527 082 30 16.2% -1.18[-1.60,-0.76] —

Ren 2008 474 084 31 529 102 30 153% -0.55[1.02,-0.08) -
Xiang etal.2011 483 074 20 558 1.1 20 133% -0.75[1.33,-017)] |
Zhang et al. 2008 435 096 58 528 077 52 17.9% -0.93[1.25-0.61] =
Zhou and Huang 2011 482 091 60 534 102 60 175% -0.52[-0.87,-017) ===
Total (95% Cl) 229 222 100.0% -0.66[-1.02,-0.31] >

Heterogeneity: Tau®= 0.15; Chi*= 29.71, df= 5 (P < 0.0001); F= 83%
Test for overall effect: Z= 3.69 (P = 0.0002)
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TG (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Mean _SD Total Mean SD Total Weight IV.Random,95%Cl IV, Random, 95% CI
Cao 2007 192 047 30 221 021 30 27.3% -0.29(-0.47,-0.11] el
Guetal.2010 159 12 30 223 141 30 7.3% -064[1.30,002]

Ren 2008 186 089 31 248 156 30 7.7% -062[1.26,002)

Xiang etal. 2011 174 022 20 229 014 20 318% -0.55[-0.66,-0.44] L4

Zhang et al. 2008 161 14 58 205 126 52 128% -0.44(-0.88,0.00] ™

Zhou and Huang 2011 1.75 1.01 60 165 142 60 131% 0.10[-0.34,0.54] -T—

Total (95% CI) 229 222 100.0% -0.39[-0.59,-0.19] *
Heterogeneity: Tau®= 0.03; Chi*= 12.38, df= § (P = 0.03); F= 60% T —

Test for overall effect: Z= 3.82 (P = 0.0001)
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LDL-C (mmol/L) Experimental Control Mean Difference Mean Difference
or Subgrouy Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cao 2007 369 068 30 396 078 30 65% -0.27(064,0.10] -
Guetal.2010 236 074 30 319 073 30 6.0% -0.83[1.22,-0.44] i
Ren 2008 286 057 31 331 084 30 6.9% -0.45(-081,-0.09] -
Yiang etal.2011 259 0.1 20 331 019 20 581% -0.72(-0.84,-0.60] L
Zhang etal. 2008 255 077 58 324 074 52 11.2% -069(-097,-0.41] o
Zhou and Huang 2011 272 064 60 325 091 60 11.3% -0.53[-0.81,-0.29) =
Total (95% CI) 229 222 100.0% -0.65[-0.75,-0.56] ¢
Heterogeneity: Chi*= 8.04, df=5 (P = 0.15); IF= 38% _12 51 S + ;
Testfor overall effect: Z= 13.54 (P < 0.00001) Favours experimental Favours control
HDL-C (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed.95% Cl IV, Fixed, 95% CI
Cao 2007 105 004 30 098 008 30 83.0% 0.07(0.04,0.10]
Guetal.2010 127 03 30 1.21 019 30 53% 0.06[-0.07,0.19 B
Ren 2008 142 036 31 139 031 30 3.0% 0.03[-0.14,0.20) )
Zhang et al. 2008 137 079 58 128 024 52 1.9% 0.09[0.12030 N
Zhou and Huang 2011 142 031 60 1.38 0.31 60 6.9% 0.04[-0.07,0.15) =T
Total (95% Cl) 209 202 100.0% 0.07 [0.04,0.10] L
Heterogeneity: Chi*= 0.50, df = 4 (P = 0.97); F= 0% + v + +
e -05 -0.25 025 05
Testfor overall eflect: Z= 4.48 (P < 0.00001) Favours experimental Favours control
SBP (ualle) Experimental Control Mean Difference Mean Difference
Study or Subaroup Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Guetal.2010 115 14 30 123 14 30 20.7% -8.00[-15.08,-0.92) .
Jing A2014 14413 16.49 40 1495 1753 40 18.7% -537(-12.83,209) —
Jing B 2014 14413 16.49 40 14883 1244 40 253% -4.70(11.10,1.70 el
Zhang et al. 2008 17 15 58 123 14 52 353% -6.00[-11.42,-058) ——
Total (95% Cl) 168 162 100.0% -5.97[-9.19,-2.74] <&
Heterogeneity: Chi*= 0.49, df= 3 (P = 0.92); F= 0% 30 10 b 20

Testfor overall effect: Z= 3.63 (P = 0.0003)
DBP (mmHg)

1
Favours experimental Favours control

Experimental Control Mean Difference Mean Difference

or Subgrouy Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Guetal.2010 7 1" 30 80 8 30 238% -3.00[-7.87,187) -
Jing A2014 81.47 1291 40 8215 1206 40 188% -0.68[-6.154.79) —
Jing B 2014 81.47 1291 40 852 1336 40 17.0% -3.73(-9.49,203) S
Zhang et al. 2008 77 1 58 80 9 52 403% -3.00(6.74,0.74] —
Total (95% CI) 168 162 100.0% -2.69[-5.06,-0.31] L 4

i = . e + + + N

Heterogeneity: Chi*= 0.69, df= 3 (P = 0.88); F= 0% 20 0 10 20

Test for overall effect: Z= 2.22 (P = 0.03) Fa

Fig. 1. Berberine versus placebo or berberine with lifestyle in

vours experimental Favours control

tervention versus lifestyle.
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MD=—597 mmHg, 95% CI (—9.19, —2.74), P=0.0003; DBP:
MD= —2.69 mmHg, 95% CI (—5.06,—0.31), P=0.03].

3.3.2. Berberine combined with oral hypoglycaemics versus the same
hypoglycaemics (compared the level of FPG, PPG and HbA;.)

There were seven trials (Li and Liu, 2007, 2008; Zhu et al., 2008;
Ye, 2009; Sheng and Xie, 2010; Cao et al.,, 2012; Ning et al., 2013)
compared the effect of berberine combined with oral hypoglycemic
drug group and hypoglycemic drug group on blood glucose and
glycosylated hemoglobin. For the contrastive research of FPG, there
were 266 patients in berberine group and 263 patients in control
group. The trials (Sheng and Xie, 2010) only compared FPG level and
the trial (Ning et al., 2013) compared the level of FPG and HbA,, for
the contrastive research of PPG, there were 214 patients in berberine
group and 211 patients in control group. HbA;. was 236-233. No
significant heterogeneity between the results of FPG (*=30%,
P=0.2), so we used the fixed effect model for meta-analysis. There
was a significant heterogeneity between the results of PPG and HbA .
(PPG: P=63%, P=0.03; HbA;.: ?=70%, P=0.0005), so we used the
fixed effect model for meta-analysis. Each study had clinical homo-
geneity (divided into the subgroup and the patient's age, sex, course
of treatment were similar at baseline between the two groups),
therefore, we used a random effects model for meta-analysis. The
results of three groups all showed that berberine group can be more
effective in lowering blood glucose levels than in the control group
[FPG: MD= —0.67 mmol/L, 95% CI (—0.85, —0.49), P<0.00001;

PPG: MD= — 0.98 mmol/L, 95% CI (— 1.54, —0.42), P=0.0006; HbA:
MD= —0.58%, 95% CI (—0.96, —0.21), P=0.002] (Fig. 2).

3.3.3. Berberine versus oral hypoglycaemics (compared the level of
FPG, PPG and HbA;.)

As shown in Fig. 3, the effect of the berberine group and the oral
hypoglycemic group on blood glucose and glycosylated hemoglobin
was compared. For the comparative study of FPG, seven trials were
involved (Ding et al., 1996; Cao, 2007; Li and Liu, 2007; Yin et al., 2008;
Zhu et al., 2008; Zhang et al., 2010, 2011). The trial (Zhang et al., 2010)
contained two control groups of hypoglycemic, so we divided it into
Zhang et al. (2010) — A and B. 302 patients were included in the
berberine group and 245 in the control group. In the comparison of
PFG study, among the seven trials, the trial (Ding et al., 1996) did not
compare HbA; level and the trials (Zhang et al,, 2010, 2011) without
the level of PPG. For the comparative research of PPG, berberine group
involved 172 patients and 168 patient in control group and HbA;. was
281 to 223. The results of the three indexes showed a statistical
heterogeneity (FPG: P=49%, P=0.06; PPG: ?’=92%, P<0.00001;
HbA;.: P=77%, P=0.0002). Each study had clinical homogeneity
(divided into the subgroup and the patient's age, sex, course of
treatment were similar at baseline between the two groups), there-
fore, a random effects model can be used for meta-analysis. Results
from three groups were presented to show the effects of berberine
group and oral medicine on blood glucose and HbA . had no statistical
significance [FPG: MD=0.2 mmol/L, 95% CI (- 0.00, 0.4), P=0.05; PPG:

FPG (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Caoetal.2012 67 049 38 7.2 1 40 18.5% -0.50[-0.92,-0.08] — =
Li and Liu2007 56 1.2 a1 59 15 51 11.8% -0.30[-0.83,0.23] I
Liu and Hu 2008 6.85 1.08 30 789 1.31 30 8.9% -1.04 [-1.65,-0.43) —

Ning et al. 2013 71 04 22 81 07 22 29.0% -1.00[1.34,-0.66] =
Sheng and Xie 2010 719 056 30 7689 11 30 16.9% -0.50[-0.94,-0.08) —
Ye 2010 61 1.4 40 66 1.1 40 10.8% -0.50[-1.05,0.05) -
Zhu et al.2008 81 24 55 87 23 50 41% -0.60[-1.50,0.30] I
Total (95% CI) 266 263 100.0% -0.67 [-0.85,-0.49] 2

Heterogeneity: Chi®= 8.58, df=6 (P = 0.20); IF= 30%
Test for overall effect: Z=7.28 (P < 0.00001)

2 4 0 1 2
Favours experimental Favours control

PPG (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Caoetal.2012 81 1.2 38 87 14 40 242% -060[1.18,-0.02) —=
Liand Liu2007 76 15 51 85 19 51 223% -090[-1.56,-0.24) —

Liu and Hu 2008 8.64 1.19 30 11.04 253 30 16.0% -240[-3.40,-1.400 —

Ye 2010 7717 40 86 1.3 40 22.4% -0.90[-1.56,-0.24) —

Zhu et al.2008 101 28 55 104 27 50 151%  -0.30[1.35,0.75) N
Total (95% Cl) 214 211 100.0% -0.98[-1.54,-0.42] S

Heterogeneity: Tau®=0.25; Chi*=10.92, df= 4 (P=0.03); F=63%

Test for overall effect: Z= 3.42 (P = 0.0006)

2 4 0 1 2
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HbAle (%) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI 5
Caoetal.2012 74 08 38 78 07 40 20.4% -0.40[-0.76,-0.04) —
Li and Liu2007 74 11 51 73 014 51 17.6% 0.10[-0.39, 0.59) B
Liu and Hu 2008 6.51 0.87 30 757 074 30 193% -1.06[-1.47,-0.65] —
Ning etal. 2013 78 08 22 89 1.2 22 152% -110[-1.70,-0.50] e
Ye 2010 6.2 089 40 68 1.2 40 181% -0.60[-1.06,-0.14) ——
Zhu et al.2008 84 26 55 88 24 a0 9.5% -0.40 [-1.36, 0.56) - =1
Total (95% CI) 236 233 100.0% -0.58[-0.96, -0.21] ‘

Heterogeneity: Tau®= 0.15; Chi*=16.71, df= 5 (P = 0.005); F=70%

Test for overall effect: Z= 3.05 (P = 0.002)
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Fig. 2. Berberine combined with oral hypoglycaemics versus the same hypoglycaemics.
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FPG (mmol/L) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cao 2007 7.54 1.64 30 616 1.72 30 4.8% 1.38[0.53, 2.23)

Ding et al.1996 8 048 21 7.8 045 22 201% 0.20[-0.08, 0.48) i L=
Liand Liuz007 62 14 51 59 15 50 9.1% 0.30 [-0.27,0.87) T
Yin etal.2008 58 1.7 15 6.7 1 16 3.7%  -0.80[1.89,0.09) - 1
Zhangetal. A2010 77 03 50 76 03 26 28.0% 0.10[-0.04,0.24) 'l
Zhang etal. B 2010 77 03 50 75 06 21 206% 0.20 [-0.07,0.47) [
Zhang etal.2011 7 08 30 67 1.4 30 8.9% 0.30 [-0.28,0.88] 1T
Zhu et al. 2008 88 21 55 8.7 23 50 4.8% 0.10[-0.75, 0.95) I
Total (95% Cl) 302 245 100.0% 0.20 [-0.00, 0.40] l’

Heterogeneity: Tau®= 0.03; Chi*=13.63, df=7 (P = 0.06); F= 49%
Test for overall effect: Z=1.96 (P = 0.05)
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PPG (mmol/L) Experimental Control Mean Difference Mean Difference
St\llgv or Subgroup  Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
Cao 2007 9.26 1.89 30 742 186 30 19.3% 1.84 [0.89, 2.79) — =
Ding et al.1996 8.44 1 21 853 1.08 22 20.8% -0.08 [-0.71, 0.53] —
Li and Liuz2007 8.7 21 51 85 19 50 201% 0.20[-0.58, 0.98) I
Yin etal.2008 11.05 0.92 15 1286 0.77 16 209% -1.81[2.41,-1.21] -
Zhu et al.2008 109 28 55 104 27 50 18.8% 0.50 [-0.55, 1.55)
Total (95% CI) 172 168 100.0% 0.09 [-1.09, 1.28] *

Heterogeneity: Tau?= 1.67; Chi#= 48.13, df = 4 (P < 0.00001); F= 92%

Test for overall effect: Z=0.15 (P = 0.88)
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HbAlc (%) Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
Cao 2007 6.41 1.92 30 564 1.25 30 6.1% 0.77 [[0.05,1.59] |
Li and Liu2007 76 13 51 73 14 50 10.9% 0.30 [-0.23,0.83) T
Yin etal.2008 748 04 15 7.72 0.43 16 17.6% -0.24 [-0.53, 0.05) =
Zhangetal. A2010 68 02 50 72 03 26 225% -0.40[-053,-0.27] -
Zhangetal. B 2010 68 02 50 68 03 21 22.2% 0.00[-0.14,0.14) w*

Zhang etal.2011 66 08 30 69 06 30 15.4% -0.30 [-0.66, 0.06] Ml
Zhuetal.2008 88 23 55 88 24 50 5.3% 0.00 [-0.90, 0.90) S
Total (95% Cl) 281 223 100.0% -0.10[-0.33, 0.14] *

Heterogeneity: Tau®= 0.06; Chi*= 26.64, df=6 (P =0.0002); F=77%

Test for overall effect: Z=0.83 (P = 0.41)
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Fig. 3. Berberine versus oral hypoglycaemics.

MD=0.09 mmol/L, 95% CI (— 1.09, 1.28), P=0.88; HbA;.: MD= —0.1%,
95% CI (—0.33, 0.14), P=041].

3.3.4. Berberine combined with lipid lowering drugs versus lipid
lowering drugs (compared the level of TC, TG, LDL-C and HDL-C)

As shown in Fig. 4, four trials (He et al., 2007; Yu et al., 2007,
Zheng et al.,, 2009; Su et al., 2012) were used to compare the effect of
berberine combined with lipid-lowering drug to lipid-lowering drug
on lipid levels. 183 patients were included in the test group and 181
patients in control group. The trial (Yu et al., 2007) did not compare
the HDL-C level, so on the research of HDL-C, 133 patients in test
group and 131 patients in control group. The results of TC and TG
showed a statistical heterogeneity (TC: P=62%, P=0.05; TG: P =86%,
P=0.0001). Each study had clinical homogeneity (divided into the
subgroup and the patient's age, sex, course of treatment were similar
at baseline between the two groups), therefore, a random effect
model was used for meta-analysis. No statistical heterogeneity was
shown in the result of LDL-C and HDL-C (LDL-C: >=0%, P=0.5; HDL-
C: P=15%, P=0.31), so we use the fixed effect model for meta-
analysis. The chart shows berberine group can reduce the TC and
LDL-C levels and rise HDL-C level more than the control group [TC:
MD= —0.27 mmol/L, 95% CI (—0.45,—0.09), P=0.003; LDL-C: MD=
—0.11 mmol/L, 95% CI (-0.14, -0.07), P<0.00001; HDL-C:

MD=0.2 mmol/L, 95% CI (0.19, 0.21), P<0.00001], but there was
no statistical significance on TG, [TG: MD= —0.32 mmol/L, 95% CI
(—-0.65, 0.02), P=0.07].

3.3.5. Berberine versus lipid lowering drugs (compared the level of
TC, TG, LDL-C and HDL-C)

Three trials (Wei et al,, 2003; He et al.,, 2007; Zheng et al.,, 2009)
compared the effect of berberine group and oral medicine group on
lipid levels. The trial (Wei et al., 2003) contained two control group of
western medicine, we divided it into Wei et al. (2003) — A and B in
this meta-analysis. Test group contained 141 patients and control
group contained 105 patients. No significant heterogeneity between
the results of TG (TG: P=30%, P=0.32), so we used the fixed effect
model of meta-analysis. The results of TC, LDL-C and HDL-C had
statistically significant heterogeneity, (TC: P=98%, P < 0.00001; LDL-
C: P=97%, P<0.00001; HDL-C: ?’=66%, P=0.03). We divided into
the subgroup for each study and the patient's age, sex, course of
treatment were similar at baseline between the two groups, therefore,
a random effects model was used for meta-analysis. The chart showed
that berberine can decrease TG, increase HDL-C level more than
western medicine [TG:MD= —0.2 mmol/L, 95% CI (—0.21, —0.19),
P <0.00001; HDL-C: MD=0.12 mmol/L, 95% CI (0.01, 0.22), P=0.04].
No statistical significance on TC and LDL-C [TC: MD= —0.45 mmol/L,
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TC (mmol/L) Experimental Control
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Fig. 4. Berberine combined with lipid lowering drugs versus lipid lowering drugs.

95% CI (—1.33, 0.44), P=0.32; LDL-C: MD= —0.24 mmol/L, 95% CI
(—.05, 0.56), P=0.55], as shown in Fig. 5.

3.3.6. Berberine combined with hypotensor versus hypotensor
(compared the level of SBP and DBP)

The trials (Huang, 2013; Sun et al., 2013) compared the effect of
berberine group and control group on the level of blood pressure,
there were 116 patients in berberine group and 112 in control
group. No significant heterogeneity was shown among study results
(SBP: ?=0%, P=0.78; DBP: ’=0%, P=1), so we use the fixed effect
model for meta-analysis. The chart shows berberine combine with
hypotensor can reduce blood pressure more than hypotensor alone
[SBP: MD= —4.91 mmHg, 95% CI (-8.72, —1.1), P=0.01; DBP:
MD= -2, 95% CI (—3.76, —0.24), P=0.03] (Fig. 6).

3.3.7. Berberine versus hypotensor (compared the level of SBP and
DBP)

The trials (Zhong et al.,, 1997; Han et al., 1999) compared the
effect of berberine group with control group on the level of blood
pressure, there were 152 patients in berberine group and 147
patients in control group. The trial (Han et al.,, 1999) contained

two hypotensor control group, so we divided it into two subgroups
named as Han et al. (1999) -A and B for this meta-analysis. Research
results have showed a statistical heterogeneity (SBP: FP=76%,
P=0.01; DBP: ’=61%, P=0.08), we divided them into the subgroup
for each study and the patient's age, sex, course of treatment were
similar at baseline between the two groups, therefore, a random
effect model was used for meta-analysis. The chart shows the effect
of berberine with hypotensor had no statistical significance [SBP:
MD=0.1 kPa, 95% CI (—0.89, 1.1), P=0.84; DBP: MD=0.15 kPa, 95%
CI (—-04, 0.7), P=0.59] as shown in Fig. 7.

3.3.8. Adverse reactions

Twenty articles reported the adverse drug reactions and side
effects of berberine or control drugs, the remaining seven articles are
unspecified clearly as shown in Table 1. In these 20 articles, 12 trials
reported the number of adverse reactions and the other eight articles
only stated a slight adverse reactions of berberine without clear data.
We sorted out the data and listed into a figure (Fig. 8). Our statistical
data shows that the incidence of toxic side effect is related to the
doses of berberine, as the dose of berberine increases, the risk of
toxic side effect also increases. The current studies about the adverse
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Fig. 5. Berberine versus lipid lowering drugs.
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Fig. 6. Berberine combined with hypotensor versus hypotensor.
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Fig. 7. Berberine versus hypotensor.
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Fig. 8. The incidence of adverse reactions of berberine in different doses.

reactions and side effects of berberine found toxicity reaction occur
in the large dose (Lei, 2010). In most of the articles without clear data
showed that the berberine is safe in the treatment process and the
incidence of adverse reactions and side effects is low, without
occurrence or no serious adverse reactions that effects important
organs occurred in the course of the experiment (Yin et al., 2008;
Zhu et al., 2008; Xiang et al., 2011). In contrast with the side effect of
berberine and western medicine, there was no statistical significance,
the statistic of the trial (Cao et al., 2012) toward the side effect of
berberine group and control group showed y*=0.158, P=0.691. Some
minor adverse reactions occurred in the digestive system, such as
nausea, diarrhea, constipation, abdominal distension, abdominal pain
(Ding et al., 1996; Cao, 2007; Sheng and Xie, 2010; Cao et al., 2012),
others such as hypoglycemia is rare. Patient can tolerate these side
effects, without stopping drug, or reducing the dose of berberine to
0.6 g per day (Ren, 2008),

4. Discussion

There have been a lot of clinical studies or reports about the
berberine in the treatment of type 2 diabetes, hyperlipidemia and
hypertension. However, the quality of study varies. We would ask
questions about the clinical studies involving berberine. What is
the accurate effect of berberine? How safe it is? How strong is the
evidence? Can it benefit patients or not? meta-analysis or sys-
tematic reviews are needed to answer these questions.

At present, no meta-analysis of the efficacy and safety of berberine
in type 2 diabetes, hyperlipidemia and hypertension has been done.
The trials (Na et al.,, 2012; Dong et al., 2012) used meta-analysis of
treatment effect and safety of berberine in type 2 diabetes. The study

(Na et al, 2012) was published in November 2012. Patients were
divided into two groups: (a) berberine versus placebo or lifestyle
modification or hypoglycemic; (b) berberine combined with hypogly-
cemic versus the same hypoglycemic, compared with this index: FPG,
PPG, HbA., LDL-C, HDL-C, TC, TG and adverse reaction. The study
(Dong et al., 2012) (adopted 14 trials and involved 1068 patients) was
also published in 2012 in Evidence-Based Complementary and Alter-
native Medicine (USA), the study (Dong et al., 2012) added a subgroup
(berberine versus hypoglycemic) compared to the study (Na et al,
2012). Due to the distinction of disease (our study adds hyperlipidemia
and hypertension), our study divided into seven subgroups. They
added fasting insulin (FINS) based on the study (Na et al., 2012). At
last, the conclusion of the study (Dong et al., 2012) is that berberine
has beneficial effects on blood glucose control in the treatment of type
2 diabetic patients and exhibits efficacy comparable with that of
conventional oral hypoglycaemics. The anti-dyslipidemic effect of
berberine needs to be further confirmed.

There is something unreasonable in the two papers mentioned
above, for example, in the subgroup (berberine combined with oral
hypoglycaemics versus the same hypoglycaemics, berberine versus
oral hypoglycaemics), they adopted a lipids index, but hypoglycae-
mic has no direct regulatory effect on blood lipid, and not all
diabetic patients have hyperlipidemia at the same time. We adopted
six trials on hyperlipidemia, thereby solving these problems. We
adopted four hypertension trials to assess the impact of berberine
on blood pressure in hypertensive patients, and thus raise a level in
the literature significance and reference value.

Our meta-analysis showed: in the treatment of type 2 diabetes
mellitus, berberine with lifestyle intervention lowered the level of
FPG, PPG and HbA;. more than lifestyle intervention alone or
placebo. The same happened in comparing berberine combined with
oral hypoglycaemics to the same hypoglycaemics. There was no
statistical significance between treatment of berberine and oral
hypoglycaemics. In the treatment of hyperlipidemia, berberine with
lifestyle intervention was better than lifestyle intervention. Berberine
with oral lipid lowering drugs was better than lipid lowering drugs
alone in reducing the level of TC and LDL-C and rising the level of
HDL-C, but in two subgroups, there was no statistical significance in
reducing the level of TG, in the comparative study between berberine
and oral lipid lowering drugs; there was no statistical significance in
reducing the level of TC and LDL-C, which berberine shows better
effects lowering in TG and rising HDL-C. In the treatment of
hypertension, berberine with lifestyle intervention tended to lower
the level of blood pressure more than lifestyle intervention alone or
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placebo. The same occurred when berberine combined with oral
hypotensor was compared to the same hypotensor. Therefore, based
on the results of our meta-analysis, in the treatment of type 2 DM,
berberine can reduce the FPG, PPG and HbA1c; Lower the TC, TG and
LDL-C levels of hyperlipemia patients, elevate HDL-C levels; Has
antihypertensive effect on patients with hypertension.

Similarly, berberine also shows its therapeutic effect in non-
clinical trials, the experts in the first hospital of Nanjing city
(China) had explored the mechanism of berberine in reducing
blood lipids in the molecular level by using human hepatoma cells
and hyperlipidemic hamsters. These findings strongly suggest that
berberine is a promising new hypolipidemic drug that acts
through pathways distinct from those of statins. They postulated
that berberine can be used as a monotherapy to treat hypercho-
lesterolemic patients or it may be explored in combination therapy
with statins (Kong et al., 2004).

In terms of toxic and side effect of berberine, our statistical data
shows that the incidence of toxic side effects is related to the doses
of berberine. When the dose of berberine increases, the risk of toxic
side effect also increases. Currently, the dispute about drug toxicity
of berberine has not been resolved. Studies on the toxicity of
berberine also lacks systematic and complete research, so a con-
clusion as to whether berberine is toxic or non-toxic cannot be
made (Lei, 2010). Based on the included 27 trials, berberine can
produce certain side effects. The incidence of adverse reactions is
low, without occurrences or serious adverse reactions that affect
important organs occurred in the course of treatment. Berberine is
relatively safe for diabetes, hyperlipidemia, hypertension.

5. Study strengths and limitations

This study is the first meta-analysis of the effect and safety of
berberine in the treatment of type 2 diabetes mellitus, hyperlipidemia,
and hypertension. Twenty-seven articles were included in this study
with a total of 2569 patients, the sample size is relatively large. In the
methodology, we used a subgroup analysis, thereby reducing the
heterogeneity and making the conclusion clearer. The results of meta-
analysis will be relatively accurate. As for the results of study, it is a
positive conclusion, our meta-analysis shows that berberine has a
therapeutic effect on type 2 DM, hyperlipidemia and hypertension and
has less side-effects.

However, each meta-analysis has the limitations of methodology
or research object. In our study, the result of system review has the
possibility of selection bias, detection bias, implementation bias and
publication bias. These biases may result in a declinational estima-
tion to the true treatment effect in meta-analysis. Due to the dis-
cordance of the course of the disease, course of treatment, drug and
dose of the control group, we did not do a pooling analysis. To get
more accurate results, a pooling analysis based on the progress of
the disease, course of drug treatment, and dose of the control group
is needed. The trials of this study are all RCT. However, the literature
rarely described research design, random method and concealment
of the random scheme. Only the randomization method was
mentioned without detailed information as to whether the test
design meets all standards. At the same time, most trials did not use
concealing procedure, which may result in implementation bias or
measurement bias.

6. Conclusion

This study indicates that berberine has comparable therapeutic
effect on type 2 DM, hyperlipidemia and hypertension with no
serious side effect. Considering the relatively low cost compared
with other first-line medicine and treatment, berberine might be a

good alternative for low socioeconomic status patients to treat type
2 DM, hyperlipidemia, hypertension over long time period. Due to
overall limited quality of the included studies, the therapeutic
benefit of berberine can be substantiated to a limited degree. Our
data also provide supportive evidence for initiating more efforts on
investigation of the role of berberine in the treatment of type 2 DM,
hyperlipidemia and hypertension. Better methodological quality,
large controlled trials using standardized preparation are expected
to further quantify the therapeutic effect of berberine.
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