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ARTICLE INFO ABSTRACT

Objectives: Clinical evidence suggests the beneficial effects of Berberine (BER) on inflammatory markers.
However, these results are controversial. The aim of this systematic review was to assess the effects of BER on C-
reactive protein (CRP) using clinical trials in adults.

Design: Systematic review and meta-analysis.

Main outcome measures: We searched randomized controlled trials in PubMed and Scopus up to November 2018.
The mean differences (MD) and confidence interval (CI) of CRP (mg/L) concentrations were pooled with a
random- or a fixed-effects model depending on the results of heterogeneity tests.

Results: Of 1242 studies identified, 5 were included in the meta-analysis. Pooled analysis showed that serum
levels of CRP were decreased after BER supplementation (MD:-0.64 mg/L, 95% CI(-0.67 to -0.61) P < 0.001))
without any significant heterogeneity (I* = 0.0% and P = 0.984).

Conclusion: This meta-analysis showed BER supplementation may ameliorate the state of chronic inflammation.
Patients with cardiovascular disease and diabetes are two important groups which may benefit from BER sup-
plementation. Further well-designed investigations with larger samples are needed to ascertain the long-term
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effects of BER on chronic inflammation.

1. Introduction

Low-grade systemic inflammation is a common pathogenic condi-
tion in many diseases. Increasing systemic inflammatory markers such
as C reactive protein (CRP),' play a key role in developing chronic
diseases such as obesity, type 2 diabetes (T2D), metabolic syndrome
(MS), cardiovascular disease (CVD)*® and nonalcoholic fatty liver dis-
ease(NAFLD).* Several anti-inflammatory medications have emerged
during last decades to manage and control the related chronic in-
flammatory diseases but the observed improvements appear rather
modest, and long-term safety and high-priced prescription drugs have
been challenged.”® High level of cholesterol is a key factor which could
induce/promote inflammation in patients suffering from CVD, statins
are the most frequent drugs which is used to lower cholesterol con-
centrations, BER might be considered as an alternative or add-on
therapy to statins, although there is still insufficient evidence available
with respect to long-term safety and effectiveness on cardiovascular
disease prevention and treatment. These nutraceuticals could exert
significant lipid-lowering activity and might present multiple non-lipid-
lowering actions, including improvement of endothelial dysfunction
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and arterial stiffness, as well as anti-inflammatory and antioxidative
properties.””®° The anti-inflammatory effects of BER have been in-
vestigated in a number of clinical trials over the past 20 years. How-
ever, the findings have been inconsistent. Most studies have reported
that BER had beneficial effects on inflammation, while a few studies
found that BER had no effect on inflammatory marker concentra-
tions.'®'" In this paper, we performed a meta-analysis of randomized
controlled trials (RCTs) to systematically review the effects of BER on
serum levels of CRP.

2. Methods

The meta-analysis was conducted according to the Preferred
Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) Guidelines.?

2.1. Search strategy

Systematic search was conducted in the PubMed and Scopus (up to
November 2018) for identifying eligible studies by two authors (MB
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and SS-b). The following combination of search terms was used:
("Berberine" OR "umbellatine" AND "inflammation" OR "inflammatory
markers" OR "CRP" OR "C-reative protein" OR "hs-CRP" OR "High sen-
sitive C-reactive protein). Of all articles, RCTs were checked by re-
viewing titles, abstracts, population and study design in order to select
relevant publications for inclusion and exclusion criteria. Literature
searches were downloaded into EndNote (version X7, for Windows,
Thomson Reuters, Philadelphia, PA, USA) to manage and to facilitate
the review process.

2.2. Study selection

All titles and abstracts were screened to evaluate eligibility for in-
clusion. For a study to be included in the systematic review, it had to be
!: RCTs % participants aged 18 years or older °; intervention with
Berberine *; minimum intervention period of four weeks °; assessment
of serum CRP °; data with normal distribution and report of mean and
standard deviation (SD) or available data (standard errors, 95% con-
fidence interval, p-values) to calculate these values 7 included patients
must not receive any other agents which could affect the final results.

2.3. Data extraction

Data extraction was performed to find publication year, daily dose
of BER supplementation, study design, intervention duration, country,
design details, health status, age and number of participants, means and
SD data of each parameter before and after the intervention.

2.4. Data analysis

Pooled effect size was expressed as weighted mean differences (MD)
and its corresponding 95% Confidence interval (CI) for each parameter
in this meta-analysis. The heterogeneity of the included studies was
examined by 2 tests and the degree of heterogeneity was estimated
using I? statistic. The fixed-effect model (I* was below 50%)'® or the
random-effects model (I> was above 50%) '* was chosen for the meta-
analysis. Subgroup analysis was done based on baseline values of CRP
(< 2mg/day versus > 2mg/day) and trial duration (less than 8 weeks
versus > 8 weeks). Potential publication bias was explored by using
Egger line regression test (Egger's test) ' and Begg rank correlation test
(Begg's test).'® All analyses were performed by STATA software (ver-
sion 12.0). P < 0.05 was considered as statistically significant.

3. Results
3.1. Description of studies

The initial search identified 1242 articles, of which 572 articles
were removed after duplication and 664 were excluded based on their
titles and abstracts. After a full-text review of the remaining 6 poten-
tially relevant articles, one article was further excluded because we
could not find full text. Finally, 5 papers with RCT design were selected
for meta-analysis 7> (Fig. 1).

3.2. Study characteristics

Five trials involving 317 subjects were published from 2012 to
2016, in which four were conducted in China'”"*®?%2! and one in
USA,'® which involved patients with acute coronary syndrome, hy-
pertension, T2DM, obesity and ischemic stroke. The intervention
duration lasted from 1 to 24 months. The daily dose of BER varied from
100 to 500 mg three times a day. All of our studies reported plasma CRP
levels (mg/L).”’21 The characteristics of included studies are shown in
Table 1.
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3.3. Risk of bias

The assessment of risk of bias was presented in Fig. 2. All studies
had randomized trial design, while two of our five trials had detailed
information about random sequence generation '”>'® and just two stu-
dies described the methods of allocation concealment. '”>'® Blinding of
participants and personnel were considered to be unclear in all
trials.'” !

3.4. Meta-analysis

The effect of BER supplementation on the levels of plasma CRP is
shown in Fig. 3. The pooled analysis showed that the BER supple-
mentation reduced CRP [MD= -0.64, 95% CI (-0.67 to -0.61) mg/ml,
12 = 0.0%] compared to the control group.

3.5. Subgroup analysis

We did subgroup analysis based on baseline values of CRP and trial
duration. The sub-group analysis showed that there was no significant
difference between categories of CRP baseline values (p = 0.87) (Fig. 4)
and trials duration (p = 0.48) (Fig. 5).

3.6. Publication bias

Egger's test showed no evidence of publication bias (p = 0.25) for
the included studies.

3.7. Side-effects

Just one of our five trials provided information on side-effects. Only
three patients from the BER-treated group complained of minor side-
effects, such as abdominal pain, rash and constipation, and so dis-
continued treatment.'”

4. Discussion

In this systematic review and meta-analysis, we summarized pub-
lished evidence from five RCTs that investigated the effects of BER
supplementation on CRP levels. To the best of our knowledge, this is the
first meta-analysis that examined the effect of BER supplementation on
CRP level. The main finding of the review was that the serum level of
CRP significantly decreased in BER supplementation group compared
with placebo group. The point is that BER supplementation could sig-
nificantly decrease CRP concentrations in both sexes including men and
women with inflammatory status. Dose and duration are two important
factors which can affect final results in clinical trials and in case of BER
supplementation, duration seems to be more effective than dose. One of
our studies which lasted 24 months'® could lower CRP levels more ef-
fective than studies with shorter period of intervention even by using
higher doses of BER.'*°

It is generally accepted that inflammation is a precursor of several
chronic diseases such as hypertension, diabetes, renal and cardiovas-
cular disease.”” Elevated levels of certain inflammatory biomarkers,
such as vascular cell adhesion molecule 1 (VCAM1) and CRP have been
observed in patients with hypertension and diabetes.?*>". It was re-
ported that low levels of hs-CRP (< 2mg/L) is associated with reduced
risk of incident stroke, incident CHD, and CHD death, whereas low LDL-
C (< 70mg/dL) was not protective.”® Therefor finding a substance
which could improve the inflammation status especially in those pa-
tients with chronic diseases associated with inflammatory condition
like diabetes and CVD, are of great important. Investigating the effect of
nutraceuticals on cardiovascular risk factors has been the focus of in-
terest for many years.”~>° Animal studies have shown the pharmacolo-
gical activities of BER on cardiac function in which it could improve the
cardiac contractility”” pressure overload-induced cardiac hypertrophy
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Fig. 1. Flow diagram of the study selection process.

Table 1
The characteristics of included studies in this study.

First author Shu Meng Peifeng dai Yueshan Hu ZHU Fei-qi Lingling Chen
Country China China USA China China

Year 2012 2015 2012 2015 2016
Problem Acute coronary syndrome Hypertensive patients with type 2 diabetes mellitus Obesity Ischemic stroke Type 2 diabetes
Study population 130 69 7 55 30

Sex Both Both Both Both Both

Sample size (intervention) 61 36 7 16 30
Dose(mg/day) 900 300 1500 1200 300

Duration of treatment(month) 1 24 3 3 2

Baseline CRP (intervention) 1.8 1.93 0 4.72 0

SD1 2.65 0.29 0 6.31 0

Final CRP(intervention) 1.2 1.58 3.63 2.56 2.88

SD2 2.25 0.07 1.47 2.97 1.93
N(pelacebo) 69 33 7 28 30

Base line CRP(placebo) 1.9 1.95 0 4.92 0

SD3 2.15 0.35 0 7.96 0

Final CRP (placebo) 1.5 2.22 4.14 3.23 3.45

SD4 2.65 0.05 2.02 5.67 2.32

SD: standard deviation, CRP: C-reactive protein. CRP values are mg/L.
1: standard deviation for baseline CRP in intervention group.

2: standard deviation for final CRP in intervention group.

3: standard deviation for baseline CRP in placebo group.

4: standard deviation for final CRP in placebo group.
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Fig. 2. Risk of bias assessment of included studies.

and dysfunction *® and prevent the development of left ventricular

hypertrophy.®® Human studies have also demonstrated that BER may
improve endothelial function by reducing oxidative stress.>’ Patients
with diabetes also may benefit from BER consumption due to its anti-
oxidant and anti-inflammatory activity.>* The potential benefits of BER
are attributed to its interaction with multiple proteins in the body,>
changing metabolic pathways of lipid”-*** and glucose.” The anti-in-
flammatory effect of BER using acute phase proteins and proin-
flammatory cytokines as markers has been studied in multiple in vitro
and in vivo studies.®>*>” In different cell lines such as immune cells,
hepatocytes, adipose tissues, islets -cells, BER could suppress the
production of MCP1 (monocyte chemoattractant protein 1), interleukin
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(IL)-6, IL-1P, CRP and HP (hepatoglobin). Despite multiple in vitro
studies, the numbers of human studies evaluating the effect of BER on
inflammatory biomarkers are rare. Of human studies, most of them
have been conducted on patients with diabetes. It seems BER suppresses
inflammation through various mechanisms, such as mitogen-activated
protein kinase- (MAPK-) mediated pathways, the nuclear factor-kappa B
(NF-«B), and the Rho GTPase signaling pathway.***° Based on

In terms of toxic and side effect of BER, our data shows that the
incidence of toxic side effects may be related to the doses of BER. When
the dose of BER increases, the risk of toxic side effect also increases.
Currently, the dispute about drug toxicity of BER has not been resolved.
Studies on the toxicity of BER also lacks systematic and complete re-
search, so a conclusion as to whether BER is toxic or non-toxic cannot
be made. Based on the included 5 trials, BER can produce a few 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.

Our meta-analysis included only 5 randomized controlled trial stu-
dies with a small population, thus performing further studies with a
bigger population are needed to determine whether BER is effective on
controlling/lowering CRP levels. Moreover, we had high level of het-
erogeneity with fixed effect model which was removed after applying
random effect models.

The present systematic review provides evidence that BER supple-
mentation may significantly improve the process of inflammatory
status. Patients with cardiovascular disease and diabetes are two im-
portant groups which could benefit the most from BER supplementa-
tion. Further studies, especially with larger sample size and well-de-
signed RCTs, are needed to confirm the effectiveness of BER
supplementation on inflammation.
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