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ABSTRACT
Context: Berberine is a potential drug that can effectively treat cardiovascular diseases, including prema-
ture ventricular contractions (PVCs).
Objective: This study was conducted to assess the efficacy and safety of berberine for PVCs.
Methods: The literature was searched using PubMed, Cochrane Library, Embase, China National
Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), Wanfang, and
Chinese Biomedical Literature Database (CBM) for randomized controlled trials (RCTs) from inception to
October 1, 2022. The risk of bias was assessed using the Revised Cochrane risk-of-bias tool for random-
ized trials, and the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) sys-
tem was adopted to assess the quality of evidence.
Results: Ten RCTs with 896 participants were included in the meta-analysis. The results showed that com-
pared to antiarrhythmic drugs (AD), berberine (BE) combined with AD had a higher effective rate (RR ¼
1.26; 95% CI:1.12, 1.42; p¼ 0.0001) with no significant incidence of adverse reactions (RR ¼ 0.93; 95%
CI:0.33, 2.57; p¼ 0.88), and BE alone had no significant difference in effective rate (RR ¼ 0.91; 95% CI:0.77,
1.07; p¼ 0.23), and a lower incidence of adverse reactions (RR ¼ 0.38; 95% CI:0.15, 0.97; p¼ 0.04) and
recurrence rate (RR ¼ 0.40; 95% CI:0.18, 0.88; p¼ 0.02).
Conclusions: The results suggest that BE is an effective and safe adjunctive method for PVCs. In addition,
BE is recommended for patients with PVCs who had severe adverse reactions after administrating AD as
an alternative therapy.
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Introduction

As one of the most common types of cardiac arrhythmias, pre-
mature ventricular contractions (PVCs) are usually found in
electrocardiogram examinations, with a prevalence of 1-4% in
the general population, which increases with age, use of stimu-
lants, hormonal changes, and presence of stress, insomnia, and
fundamental diseases including cardiac diseases (Al-Khatib et al.
2018; Gorenek et al. 2020; Marcus 2020; Klewer et al. 2022). In
general, patients with PVCs have no obvious symptoms, while
some may have palpitations, chest tightness, dizziness, near-syn-
cope, dyspnea, chest pain, fatigue, etc. (Gorenek et al. 2020;
Marcus 2020). For patients with no or mild symptoms, a low
PVC burden, and normal ventricular function, simple reassur-
ance may be best, and for those with PVCs associated with
symptoms or a reduced left ventricular ejection fraction, either
medical treatments such as b-blockers, non-dihydropyridine cal-
cium channel blockers, or catheter ablation are considered first-
line therapies (Marcus 2020; Cao et al. 2022; Klewer et al. 2022).
On the one hand, antiarrhythmic drugs (AD) have limited effect
on normalizing the PVCs and maintaining sinus rhythm and are
prone to cause severe side effects, while catheter ablation is
costly and worked only for certain patients; on the other hand, a

lot of evidence has demonstrated that traditional Chinese medi-
cine is effective for PVCs (Zhang et al. 2021).

Berberine (BE) is an isoquinoline alkaloid derived from the
roots, rhizomes, and stem bodies of plants of the Berberidaceae
and Ranunculaceae families, and is one of the main bioactive
components of Coptis chinensis Franch (Rhizoma Coptidis,
Coptis, Ranunculaceae), a traditional Chinese medicine. First
recorded in Shen Nong’s Herbal Classic, Coptis chinensis is
widely used in Asian countries and shows efficacy and safety for
a variety of diseases, including inflammatory and metabolic dis-
eases, etc. (Ai et al. 2021; An et al. 2022). According to pharma-
cological studies, BE had a cardiovascular protective effect on
various cardiovascular diseases (CVDs), including arrhythmia,
atherosclerosis, hypertension, etc. (Cai et al. 2021; Lin et al.
2022). Besides, BE also has positive effects on lowering blood lip-
ids and blood glucose, and controlling body weight and blood
pressure (Zamani et al. 2022).

In recent years, the growing focus has been placed on BE for
treating CVDs, and BE is a potential drug that could effectively
treat cardiovascular diseases, including PVCs (Yang and Tong
2016; Chen et al. 2022). Therefore, we conducted this meta-ana-
lysis to assess the efficacy and safety of BE for PVCs and
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adopted the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system to assess the
quality of evidence.

Methods

This study was conducted as part of a systematic review and has
been registered with the PROSPERO (International Prospective
Register of Systematic Reviews) (registration number:
CRD42023388337) (Qiao et al. 2023). The protocol followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Page et al. 2021) and the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins and Thomas 2021).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients diagnosed
with PVCs according to clinical diagnostic criteria (Society of
Cardiac Pacing and Electrophysiology and Chinese Society of
Biomedical Engineering 2003; Zipes et al. 2006; Cao et al. 2020).
(2) intervention: BE or BE combined with AD. (3) comparison:
AD. (4) outcomes: effective rate (as defined in each included
study), incidence of adverse reaction (IAR), onset time (the
period from the first day of intervention to the day reached the
effective rate), recurrence rate, and electrocardiograph. (5) study
design: RCTs.

Studies were excluded for the following reasons: (1) duplicate
publications. (2) no relevant data or incomplete statistics for the
effect size calculation. (3) case series, case reports, reviews, ani-
mal experiments, and pharmacological research. (4) the full text
is not available. (5) original studies with suspected data errors.

Search strategy

The literature was searched using three English electronic data-
bases of PubMed, Embase, Cochrane Library, and four Chinese
databases: CNKI, VIP, Wanfang, and CBM from inception to
October 1, 2022. Medical subject heading (MeSH) terms and text
words were used as follows: (‘Berberine’ OR ‘xiaobojian’ OR
‘huangliansu’) AND (‘premature ventricular contraction’ OR
‘ventricular premature contraction’). The language was limited to
either English or Chinese.

Study selection and data extraction

After removing duplications in Endnote X8, all titles and
abstracts were screened according to eligibility criteria by two
reviewers (Meng Qiao and Chao Lei) independently, and any
discrepancy was resolved by inviting a third reviewer (Cuncun
Lu) to discuss and decide. Next, the full texts were read. Finally,
eligible studies were selected, and with a standardized form, two
investigators (Meng Qiao and Chao Lei) independently extracted
the following data: (1) basic information: author, publication
year, sample size, sex, age, and baseline characteristics; (2) inter-
vention measures, duration, and outcomes of the intervention
and comparison groups. The authors of the included studies
were contacted if relevant information was not available.

Assessment of risk of bias

Two reviewers (Meng Qiao and Chaoren Tan) independently
assessed the risk of bias of the included studies using the Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2), which
contains five domains: bias arising from the randomization pro-
cess, bias due to deviations from intended interventions, bias due
to missing outcome data, bias in measurement of the outcome,
bias in selection of the reported result, and an overall risk of bias
(Sterne et al. 2019). The included clinical trials were classified as
low risk (low risk of bias for all five domains), some concerns
(some concerns of bias for at least one domain but without high
risk), or high risk (high risk of bias for at least one domain)
according to the five domains. Any discrepancies were resolved
by inviting a third reviewer (Cuncun Lu) to discuss and decide.

Statistical analysis

Review Manager 5.3 was used for statistical analysis. Risk ratio
(RR) was used as the effect indicator of dichotomous variables,
and the effect size was represented by the 95% confidence inter-
val (CI). References will be made to the Cochrane Handbook
recommendations for design, data synthesis, and analysis strat-
egies. The heterogeneity of the studies was evaluated by I square
(I2) and P value (P). When p> 0.1 and I2 � 50%, the fixed-effect
model was adopted. If p� 0.1 or I2 > 50%, it was considered to
indicate substantial heterogeneity, and after exploring heterogen-
eity and removing obvious heterogeneity, a random-effects model
was applied. Statistical significance was set at p� 0.05. Statistical
analyses were conducted using Review Manager version 5.3.

Sensitive analysis and publication bias

A sensitivity analysis of the primary outcomes (effective rate and
IAR) was conducted. Publication bias of primary outcomes was
detected using funnel plots and the Luis Furuya-Kanamori (LFK)
index. If an LFK index > 1 or < �1 and a visual inspection of
the funnel plot showed asymmetry, publication bias was consid-
ered. Sensitivity analysis and publication bias analysis were con-
ducted using Stata 12.0.

Assessment of evidence quality

Two reviewers (Meng Qiao and Chaoren Tan) independently
assessed the overall quality of evidence of the effective rate, IAR,
and recurrence rate using the GRADE system (Brozek et al.
2009). According to five domains: limitation of design, inconsist-
ency, indirectness, imprecision, and publication bias, the quality
of the evidence was rated one of the four levels: high quality,
moderate quality, low quality, and very low quality.

Results

Studies included

A total of 317 records were identified from seven databases.
After duplication in Endnote X8, 196 records remained for
screening titles and abstracts. Thus, 39 records remained for full-
text screening. Finally, 10 articles were included in the meta-ana-
lysis. The literature retrieval and selection processes are shown in
Figure 1.
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Study characteristics

The final studies (Li and Li 1993; Shen and Liu 1994; Diao and
Zou 1999; Zhao et al. 2000; Wang et al. 2003; Fan et al. 2004; Hu
and Hu 2006; Shao et al. 2009; Rao and Yu 2010; Su et al. 2010)
including 896 participants (Intervention/Comparison:469/427), were
conducted in China from 1993 to 2010. The sample size varied
from 35 to 263. Seven studies (Diao and Zou 1999; Zhao et al.
2000; Wang et al. 2003; Hu and Hu 2006; Shao et al. 2009; Rao
and Yu 2010; Su et al. 2010) reported no significant baseline charac-
teristics between intervention and comparison groups, while the
remaining 3 (Li and Li 1993; Shen and Liu 1994; Fan et al. 2004)
did not report baseline characteristics. Participants included both
children and adults. The duration of the intervention varied from 7
to 30 days. All drugs were administered orally. The dose of BE each
time was 0.3-0.6 g and less than 0.4 g for children, three or four
times a day. Seven studies (Shen and Liu 1994; Diao and Zou 1999;
Zhao et al. 2000; Wang et al. 2003; Hu and Hu 2006; Rao and Yu
2010; Su et al. 2010) compared BE combined with AD, and three
studies (Li and Li 1993; Fan et al. 2004; Shao et al. 2009) compared
BE with AD, in which AD included mexiletine, propafenone, and
amiodarone. All studies (Li and Li 1993; Shen and Liu 1994; Diao
and Zou 1999; Zhao et al. 2000; Wang et al. 2003; Fan et al. 2004;
Hu and Hu 2006; Shao et al. 2009; Rao and Yu 2010; Su et al.
2010) have reported effective rate, 9 (Li and Li 1993; Diao and Zou
1999; Zhao et al. 2000; Wang et al. 2003; Fan et al. 2004; Hu and

Hu 2006; Shao et al. 2009; Rao and Yu 2010; Su et al. 2010)
reported IAR, 4 reported onset time (Li and Li 1993; Diao and Zou
1999; Fan et al. 2004; Hu and Hu 2006) and electrocardiograph (Li
and Li 1993; Wang et al. 2003; Fan et al. 2004; Rao and Yu 2010)
and 2 (Zhao et al. 2000; Hu and Hu 2006) reported recurrence rate.
The details are listed in Table 1.

Risk of bias

In the randomization process domain, no study reported con-
cealment of randomization, and one study (Su et al. 2010) rated
the high risk as it allocated participants to intervention or com-
parison groups according to the order of visit, and the rest were
assessed for some concerns. All studies were assessed as low risk
in the domain of deviations from intended interventions because
we considered that all the included studies adopted ITT to ana-
lyze the data. No data were missing, so we rated the missing out-
come data as low risk. All studies were rated as low risk in the
measurement of the outcome because they adopted an appropri-
ate method to measure outcomes, which was the same between
intervention groups. All studies had some concerns regarding the
selection of the reported results, as they reported no description
of the study proposal or registration. A summary of the risk of
bias is shown in Figure 2.

Figure 1. Flowchart of literature screening. CNKI, China National Knowledge Infrastructure; VIP, China Science and Technology Journal Database; CBM, Chinese
Biomedical Literature Database.
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Primary outcome

Effective rate
All ten studies (Li and Li 1993; Shen and Liu 1994; Diao and
Zou 1999; Zhao et al. 2000; Wang et al. 2003; Fan et al. 2004;
Hu and Hu 2006; Shao et al. 2009; Rao and Yu 2010; Su et al.
2010) reported the effective rate. Due to the high heterogeneity
(I2 ¼ 76%), we conducted a subgroup analysis based on inter-
vention type, adopting a random effect model for synthesis.
Three (Li and Li 1993; Fan et al. 2004; Shao et al. 2009) of
them compared BE combined with AD to AD alone and the
remaining seven (Shen and Liu 1994; Diao and Zou 1999; Zhao
et al. 2000; Wang et al. 2003; Hu and Hu 2006; Rao and Yu
2010; Su et al. 2010) compared BE directly to AD. The results
of the meta-analysis showed that compared to AD, BE com-
bined with AD had a higher effective rate (RR ¼ 1.26; 95%
CI:1.12, 1.42; p¼ 0.0001), and BE alone had no significant dif-
ference in the effective rate (RR ¼ 0.91; 95% CI:0.77, 1.07;
p¼ 0.23) (Figure 3).

Incidence of adverse reaction
Nine studies (Li and Li 1993; Diao and Zou 1999; Zhao et al.
2000; Wang et al. 2003; Fan et al. 2004; Hu and Hu 2006; Shao
et al. 2009; Rao and Yu 2010; Su et al. 2010) reported the IAR.
A random effects model was adopted, and subgroup analysis
based on intervention type was conducted owing to heterogen-
eity (I2 ¼ 66%). Compared to AD, BE combined with AD (RR
¼ 0.93; 95% CI:0.33, 2.57; p¼ 0.88) had no significant difference
in IAR, while BE (RR ¼ 0.38; 95% CI:0.15, 0.97; p¼ 0.04) alone
had a lower IAR (Figure 4).

Secondary outcome

Recurrence rate
Two studies (Zhao et al. 2000; Hu and Hu 2006) reported recur-
rence rate and compared BE with AD. The fixed effects model
was adopted, and the results showed that the BE group had a
lower recurrence rate than the AD group (RR ¼ 0.40; 95%
CI:0.18, 0.88; p¼ 0.02) (Figure 5).

Onset time
Four studies (Li and Li 1993; Wang et al. 2003; Fan et al. 2004;
Rao and Yu 2010) reported onset time. A descriptive analysis
was used to analyze the data because they were presented in dif-
ferent ways. Li and Li (1993) reported that the onset time of the
intervention group was 2-12 days, with an average of 7 days, and
that of the comparison group was 3-30 days, with an average of
18 days. Diao and Zou (1999) found the onset time was 8.3 ± 1.1
days and 7.9 ± 1.2 days for intervention and comparison groups
respectively, with no significant difference. Fan et al. (2004)
reported a relatively shorter onset time in the intervention group
(3-21 days) than that of the comparison group (7-30 days). Hu
and Hu (2006) reported that the onset time for the intervention
group were 4-7 days and 6-8 days for the comparison group
respectively. Overall, the intervention group had shorter onset
time.

Electrocardiograph
Four studies (Li and Li 1993; Wang et al. 2003; Fan et al. 2004;
Rao and Yu 2010) reported electrocardiograph, 2 (Li and Li
1993; Fan et al. 2004) compared BE combined with AD to AD,Ta
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Figure 2. Risk of bias assessment for included studies.

Figure 3. Forest plot comparing effective rate between berberine and control groups. AD: antiarrhythmic drugs; BE: berberine; CI: confidence interval.
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and the other 2 (Wang et al. 2003; Rao and Yu 2010) compared
BE to AD. Descriptive statistics were used to analyze the data
because they could not be pooled. Li and Li (1993) reported
that after intervention, the PR and QT intervals and the QRS
period did not change. Wang et al. (2003) and Fan et al.
(2004) reported that after intervention, both the intervention
and comparison groups showed no change in PR, PRS, and QT
interval. Rao and Yu (2010) reported that compared with
amiodarone in the control group, BE had no obvious proar-
rhythmic and negative inotropic effects and did not affect ven-
tricular conduction, aggravate heart failure, or prolong Q-T
interval. In conclusion, both the intervention and comparison
groups showed no significant change in electrocardiograph
after intervention.

Sensitivity analysis and publication bias

The results of the sensitivity analysis showed that the pooled
results of effective rate were stable, while that of IAR were
unstable because after excluding Wang et al. (2003), the pooled
results changed significantly (Tables 2 and 3). The funnel plot of
both effective rate and IAR showed asymmetry and an LFK
index <0.1 in both outcomes; therefore, we considered that there
was publication bias (Figures 6 and 7).

Figure 4. Forest plot comparing incidence of adverse reactions between berberine and control groups. AD: antiarrhythmic drugs; BE: berberine; CI: confidence interval.

Figure 5. Forest plot comparing recurrence rate between berberine and control groups. AD: antiarrhythmic drugs; BE: berberine; CI: confidence interval.

Table 2. Sensitivity analysis of effective rate.

Study omitted Estimate [95% Conf. Interval]

Li and Li 1993 0.9880937 0.8608739 1.134114
Shen and Liu 1994 1.0511261 0.91920905 1.2019748
Diao and Zou 1999 1.0086187 0.86545011 1.1754712
Zhao et al. 2000 1.0748688 0.96665653 1.1951948
Wang et al. 2003 1.0305038 0.89185865 1.1907021
Fan et al. 2004 0.99044955 0.8468745 1.1583656
Hu and Hu 2006 1.0229185 0.87527253 1.1954702
Shao et al. 2009 0.98959366 0.85501489 1.145355
Rao and Yu 2010 1.0250245 0.88168004 1.191674
Su et al. 2010 1.0121326 0.86395628 1.1857224
Combined 1.0215328 0.89192993 1.1699678

Table 3. Sensitivity analysis of incidence of adverse reaction.

Study omitted Estimate [95% Conf. Interval]

Li and Li 1993 0.61077421 0.27636054 1.3498495
Diao and Zou 1999 0.61943099 0.2619277 1.464888
Zhao et al. 2000 0.534898 0.24016813 1.1913149
Wang et al. 2003 0.4500928 0.20707728 0.97829913
Fan et al. 2004 0.42787718 0.18132258 1.009686
Hu and Hu 2006 0.56618378 0.23251874 1.3786591
Shao et al. 2009 0.45673449 0.17645156 1.1822304
Rao and Yu 2010 0.59512734 0.24949441 1.4195771
Su et al. 2010 0.59574562 0.2496793 1.4214749
Combined 0.534898 0.24016813 1.1913149
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Assessment of evidence quality

GRADE profiler 3.6 was used to draw a summary of the quality
of evidence. Low quality of evidence showed that compared with
AD, BE combined with AD had a higher effective rate, and BE
alone had similar effective rate to AD with significantly lower
IAR and recurrence rate than those of AD. Very low-quality evi-
dence showed that BE combined with AD had similar IAR to
AD. They were downgraded mainly because of a lack of random-
ization, concealment of randomization and blinding, high hetero-
geneity, and wide confidence intervals (Table 4).

Discussion

We conducted a comprehensive search of seven databases to
provide the latest evidence that BE is an effective and safe ther-
apy for treating PVCs. About the effective rate, BE combined
with AD was significantly better than AD with no significant
IAR, which mainly included liver damage and digestive system
symptoms, and the liver damage disappeared after liver-protec-
tion treatment. In addition, the AD group also experienced
adverse reactions, including bradycardia. BE alone had a similar
effective rate to AD, with a lower IAR and recurrence rate. The

main IAR for BE was digestive system symptoms, which were
mild and disappeared after discontinuation of medication or
spontaneously remitted. Besides digestive system symptoms, the
IAR for AD also included cardiovascular symptoms such as
bradycardia, atrioventricular block, hypotension, and dizziness,
and some patients were forced to stop the intervention due to
intolerance. The BE group had a shorter onset time and little
effect on electrocardiograph than the comparison group.

Guo (2015) found that, compared with AD, BE had a higher
effective rate of PVCs with lower IAR. But subgroup analysis
based on intervention type showed that in comparison to AD,
BE had a similar effective rate while BE combined with AD had
a higher effective rate than AD. Therefore, we recommend that
BE should be combined with AD for PVCs. The side effects of
AD in digestive tract varied, including esophagitis, esophageal
ulcer, acute pancreatitis, and constipation. Different types of AD
have different side effects, such as hepatotoxicity, pulmonary tox-
icity, thyroid dysfunction, hypersensitivity, etc. (Amjad et al.
2017). BE is mainly absorbed in the intestinal tract, and a high
dose of BE could result in gastrointestinal symptoms which were
mild and tolerable (Cai et al. 2021). BE combined with AD could
alleviate, to some extent, the side effects of the cardiovascular
system caused by AD.

Figure 6. Funnel plot and LFK index for effective rate. RR, risk ratio; ES, effect size; LFK, Luis Furuya-Kanamori.

Figure 7. Funnel plot and LFK index for incidence of adverse reactions. RR, risk ratio; ES, effect size; LFK, Luis Furuya-Kanamori.
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The results showed that there was a publication bias in the
effective rate and IAR. The funnel plot and LFK index were used
to evaluate the publication bias. The funnel plot was intuitive but
subjective, whereas the LFK index (Furuya-Kanamori et al. 2018)
avoided subjective judgment and was the best in terms of statis-
tical performance and bias detection rate compared with Egger’s
test and Begg’s test. This combination of objective and subjective
methods solidified the results of the publication bias. One possible
reason for this bias is that all ten included studies were conducted
and published in China. Apart from this, none of the included
studies reported funding sources, conflicts of interest, or research
proposals, which may also result in publication bias. By conduct-
ing a sensitivity analysis, excluding the included studies one by
one, the results of the effective rate were stable, while those of
IAR were not. Subgroup analysis was conducted, and the results
showed that after excluding the Wang et al. (2003), the change in
the effect size of the subgroup belonging to this study was small.
Therefore, subgroup analysis is meaningful.

This study adopted the GRADE system to assess the quality of
evidence for three outcomes: effective rate, IAR, and recurrence
rate. Due to the low to very low quality of evidence, this evidence
should be interpreted with caution when making clinical decisions,
and the overall profile of the patient should be taken into account.
Of note, we considered downgrading the quality of evidence when
the sample size was less than 30 pairs and the study was funded
by manufacturers, which was different from assessing the publica-
tion bias using funnel plot and LFK index.

BE may exert an antiarrhythmic effect by controlling oxida-
tive stress and reducing myocardial damage. BE blocks Kþ chan-
nels, stimulates Naþ-Ca2þ exchanger, increases coronary blood
flow to increase myocardial contractility and cardiac output,
reduces the prolongation of monophasic action potential repola-
rization, and reduces the occurrence of PVCs (Feng et al. 2019;
Cai et al. 2021; An et al. 2022). In addition to improving PVCs,
BE also has high clinical prospects for improving the long-term
prognosis of heart disease, as confirmed by its protective effects
on the vascular endothelium and improving cardiac function
(Cai et al. 2021). However, BE has poor bioavailability due to the
first-pass effect in the intestinal lumen, and all included studies
administered BE orally, which might have influenced its efficacy
(Wang et al. 2017; Xu et al. 2019; Habtemariam 2020).

This research was registered in PROSPERO and reported fol-
lowing the Meta-Analyses (PRISMA) guidelines. This study had
some limitations. First, all included studies were single-center
studies conducted in China, and the sample size for most of
them was small, which may have resulted in publication bias.
Second, the publication time of the included studies varied from
1993 to 2010, and inconsistencies were observed among them,
including diagnostic criteria, doses, and outcomes, which might
affect the authenticity of the results. Third, most studies lacked
detailed descriptions of randomization, concealment of alloca-
tion, blinding of participants, and research and outcome asses-
sors. Fourth, the quality of evidence was low to very low;
therefore, it should be considered carefully when recommending
evidence. Fifth, a relatively long follow-up is required to assess
the efficacy of treatment for PVCs, while the longest duration of
included studies was 30 days, which may have influenced our
evaluation of the results.

Conclusions

The results of this study suggest that BE is an effective and safe
adjunctive method for PVCs. In addition, BE is recommended

for patients with PVCs who had severe adverse reactions after
administrating AD as an alternative therapy. However, owing to
the low or very low quality of evidence, this evidence should be
considered carefully and more rigorously designed RCTs are
warranted to support our conclusions further.
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