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Abstract

Background: Diarrhea is a ubiquitous digestive system disease, leading to loss of fluid

and electrolytes, and may be life-threatening, especially in children and adults who are
immunosuppressed or malnourished. Berberine has a broad-spectrum antibiotic activity

and is very widely used to treat diarrhea in China. No systematic review has been carried out
to evaluate the evidence presented in clinical trials. The aim of this study was to assess the
effectiveness and safety of berberine in diarrhea treatment among children and adults.
Methods: Seven databases and two clinical trial registries were searched on 1 September
2019. Randomized controlled trials were included, where participants were diagnosed [first
diagnosed) as having diarrhea according to clear diagnostic criteria. Berberine alone or in
combination with Western medication as intervention were included. Subgroup analyses
were conducted based on children or adults, acute or persistent diarrhea, infectious or
noninfectious and treatment courses. Primary outcomes were clinical cure rate and duration
of diarrhea. The GRADE tool was used to assess the quality of evidence.

Results: A total of 38 randomized controlled trials were included involving 3948 participants
(including 27 trials on 2702 children) were included. Compared with antibiotics, berberine
plus antibiotics showed better results in both adults and in children in general, especially
when given for 7days or 3days in acute infectious diarrhea of children. Compared with the
control groups, using berberine alone or in combination with montmorillonite, probiotics, and
vitamin B increased the clinical cure rate of diarrhea. The use of berberine alone or berberine
combined with montmorillonite reduced the duration of hospitalization. Using berberine

had significantly better laboratory indicators (isoenzyme, inflammatory factors, myocardial
enzyme, and fecal trait) and fewer systemic symptoms than the no berberine groups. Overall,
22 of 27 trials on children used berberine as an enema. No deaths and serious adverse events
were reported. The quality of evidence of included trials was moderate to low or very low. The
impact of different dosages, frequencies and treatment durations on the outcomes was not
evaluated due to insufficient number of trials.

Conclusion: This review demonstrated that berberine was generally effective in improving
clinical cure rates and shortening the duration of diarrhea compared with control groups. No
severe adverse event was reported. However, there is still a lack of high-quality evidence for
evaluating the efficacy and safety of berberine.

Trial registration: PROSPERO CRD42020151001 (available from http://www.crd.york.ac.uk/
PROSPERO/).
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Introduction

Diarrhea is defined as the passage of three or more
loose or liquid stools per day (or more frequent
passage than what is typical for the individual).! It
is a ubiquitous digestive system disease. Globally,
there are nearly 1.7 billion cases of childhood diar-
rhea disease every year.? Continued diarrhea can
cause loss of fluid and electrolytes, and may even
become life-threatening, especially in children and
adults who are immunosuppressed or malnour-
ished.? Although not life-threatening for adults,
diarrhea still has a high incidence.! Diarrhea usu-
ally has intestinal tract noninfectious symptoms
that could be caused by improper diet and malnu-
trition, and infectious symptoms that are usually
caused by a variety of bacterial, viral, and parasitic
organisms.* According to the World Gastro-
enterology Organisation Global guidelines,! the
etiological diagnosis of diarrhea usually is based
on medical history, symptoms, routine testing,
and especially stool testing. In many countries, the
goal of diarrhea treatment is to relieve symptoms
and avoid complications.> Commonly used treat-
ments include probiotics,® zinc,” lactose-free for-
mula,® antibiotics, and antidiarrheal agents (such
as montmorillonite).°

The main ingredient of Dberberine is
C20H19NO5, an isoquinoline alkaloid belong-
ing to the structural class of proto-berberines
extracted from traditional Chinese herbal medi-
cines, mainly rhizoma coptidis and rhizoma
phellodendri,!%!! which have been used in China
for more than 2000years treating diarrhea.!?
Pharmacological studies using doses of berberine
(50-200 mg/kg per time, one time a day)!? sub-
stantially exceed those likely to occur in humans
(0.1-0.3 g per time, three times a day) have dem-
onstrated that berberine has a broad-spectrum
antibiotic activity, including Vibrio cholera,
Shigella and Pseudomonas'*1% and have approved
that berberine has advantages in treating intesti-
nal bacterial infections, including bacterial dys-
entery and viral infections.!%:17-20 Escherichia coli,
Klebsiella pneumoniae and Proteus mirabilis can
also be suppressed by berberine.?! In addition,
berberine has broad prospects in the treatment
of secretory diarrhea, it can inhibit the hyperse-
cretion of electrolytes caused by cholera toxin.!3
It has effects on reducing inflammation, inhibi-
tion of gastrointestinal motility, ameliorates
impaired gastrointestinal function, and reducing
intestinal secretion and exudation.?! Berberine
can relax intestinal smooth muscle and prolong

the residence time of intestinal contents to fully
digest and absorb the intestinal contents to treat
functional diarrhea.?2 Therefore, berberine has a
significant effect on infectious or noninfectious,
secretory or exudative diarrhea.?! In clinical
practice, berberine is sometimes combined with
Western medicine in the treatment of diarrhea,
such as montmorillonite, antibiotics, probiotics,
vitamin B or anisodamine. However, there are
no systematic reviews that have assessed efficacy
and safety.

This systematic review aims to evaluate the effec-
tiveness and safety of berberine alone or in com-
bination with Western medicine in diarrhea
treatment, and to provide evidence for clinical
practice in this specific area.

Methods

This review was registered in PROSPERO
(CRD42020151001), and the protocol is availa-
ble at http://www.crd. york.ac.uk/PROSPERO/.

Eligibility criteria

This review included randomized controlled trials
(RCTs) enrolling participants needed to be diag-
nosed (first diagnosed) with diarrhea according to
clear diagnostic criteria, regardless of sex, age,
and type of diarrhea (infectious, noninfectious,
acute, and chronic). Diarrhea caused by drugs
(such as antibiotics) or diseases (such as cancer)
were excluded. All randomized controlled stud-
ies, regardless of language or publication date or
state, were screened. Acute diarrhea was defined
as a duration of diarrhea less than 14 days, while
diarrhea was considered as persistent if lasting
longer than 14days.?> Usage of other Western
medicine was permitted as long as they were anti-
biotics, fluid therapy (including oral rehydration
salts, intravenous rehydration, electrolyte supple-
mentation and correction of acid-base balance
disorders), antipyretic, adjustment of diet/diet
guidance/nutritional guidance, supplementation
of trace elements and calories. Secondary diarrhea
was excluded from this review. Based on real-
world clinical practice, to include combinations
from clinical practice to a large extent, we catego-
rized interventions based on different combina-
tions (berberine + montmorillonite; berberine +
Bifidobacterium subtilis; berberine + montmorillon-
ite + vitamin B; berberine + Bifidobacterium lacto-
bacillus triple viable + montmorillonite; berberine +
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montmorillonite + anisodamine) in this system-
atic review.

Search strategy

Published studies were comprehensively searched
in the following databases from their inception to
April 2019: PubMed, the Cochrane Library,
EMBASE, Chinese National Knowledge Infra-
structure Database (CNKI), VIP, Wanfang, and
SinoMed. We also searched for two clinical trial
registration networks (ClinicalTrials.gov and
Chinese Clinical Trial Registry). The detailed
search strategy is provided in the Appendix.

Study outcomes

The primary outcome measures were clinical cure
rate (as defined in each original study) and dura-
tion of diarrhea (day). Secondary outcomes
included stool frequency (number of depositions
per day), stool output (g or ml/kg per day), fecal
trait improvement, absenteeism, intensity of anti-
biotic use, stool routine examination, stool bacte-
rial culture, duration of hospitalization, duration
of other symptoms (such as vomiting and fever),
quality of life, recurrent diarrhea, laboratory indi-
cators, death (all-cause and diarrhea-related),
adverse events, and adverse drug reactions.

Study selection
The retrieved literature was imported into
NoteExpress, and duplicate records were

removed. Title/abstract screening and full-text
screening were conducted by two reviewers (MK
Yu and CH L) independently.

Any disagreement between the two reviewers was
resolved through discussing with a third reviewer
(or a senior author, YT Fei).

Data extraction

Data extraction was conducted by two pairs of
reviewers (YM and CL, DP and QH) using a
standardized, pre-piloted data extraction form,
including authors information, characteristic of
participants, details of interventions and controls,
outcomes, and information related to study
design. Two authors in each group independently
and duplicated extracted data from each trial,
cross-checked the data. Discrepancies were
solved by discussing within the pair of reviewers

or arbitrated by the senior author (YF) if
necessary.

Quality assessment and publication bias

We assessed each included study’s risk of bias
based on a modification of the Cochrane Risk of
Bias tool, which consists of the following aspects:
random sequence generation (selection bias);
allocation concealment (selection bias); blinding
(performance bias and detection bias); incom-
plete outcome data (attrition bias); selective
reporting of outcomes and other bias. This modi-
fied tool has four response options for each afore-
mentioned aspect: ‘low risk of bias,” ‘probably
low risk of bias,’ ‘probably high risk of bias,” and
‘high risk of bias’.24 Publication bias was assessed
using the funnel plot when there were more than
10 studies available for a certain outcome/com-
parison. In addition, we used the Grading of
Recommendation, Assessment, Development,
and Evaluation (GRADE) system to grade the
quality of evidence for primary outcomes.?>

Data synthesis

Review Manager 5.3 was used. Continuous out-
comes were analyzed by standardized mean dif-
ference (MD). We assessed the dichotomous
variable by relative risk [(RR), Mantel-Haenszel
RR]. The p-value and 95% confidence interval
(CI) were obtained.

For those publications that failed to report any
critical information, we tried to contact the cor-
responding author or first author to obtain the
information via email or telephone calls.

Subgroup analysis and investigation of
heterogeneity

The heterogeneity was assessed according toI?
statistic. When heterogeneity was not significant
(I?<50%), we used a fixed-effect model to syn-
thesize the data. When heterogeneity was signifi-
cant (2=50%), the random-effects model was
used.

The following potential sources of heterogeneity
(ages; different drugs of berberine combined; a
degree of diarrhea; route of administration;
duration of treatment; type of primary disease;
time of observation; drug dosage) were explored
in subgroup analyses. We performed a sensitivity
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Figure 1. Study flow diagram.

CBM, SinoMed Database; CNKI, Chinese National Knowledge Infrastructure Database; VIP, VIP Chinese Science and

Technique Journals Database; WanFang, Wanfang Database.

analysis to assess the robustness of the meta-anal-
ysis by excluding trials with poor methodological
quality (those with insufficient randomization
methods and trials with selective reporting bias).

Results

In total, we identified 10,010 studies through the
searches, and a total of 38 studies were included
(Figure 1).

Study characteristics

Overall, 38 RCT's involving 3948 participants!0:26-62
were included in this review. A total of 11 stud-
ies10,28,32,33,37,39,4042,44 yyere conducted on adults
(1246 of 3948, 31.56%), aged 16-76years, with
the remaining 27 Studies26,27,29—31,34,35,37,38,41,43,45—62
conducted on children (2702 of 3948, 68.4%)

aged from 2months to 12years. A total of 22
studie329,34335,37,38,41,45—49,51—57,59—62 involved taking
a berberine enema (all in children), and the other
studies10,26—28,30—33,36,39,40,42—44,50,58 involved taking
berberine orally. Sex was not reported in two stud-
ies.3343 In the remaining 36 studies,!0:26-32,34-42,44-62
the proportion of males to females was about
1:1.2. Overall, 31.6% studies were for infectious
diarrhea, while 15.8% were mixed and 52.6%
were not reported. A total of 19 studies were
treating acute diarrhea, while 4 studies28:36,44,62
were mixed acute and persistent, 632.33,37,39,48,54
exclusively with persistent diarrhea, and 13 stud-
ieSZS’27’29_31’34’35’38’45’49’52’57’61 dld not SpeCify. The
principle investigators of 37 studies came from a
Western medicine hospital, and only 1 study
came from a traditional Chinese medicine hospi-
tal. In the included studies that used antibiotics,
23 studies did not report the cause of diarrhea, 10
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studies were due to virus of bacteria infection, 3
studies were due to bacteria infection, and 2 stud-
ies were virus infection.

The sample size ranged from 30 to 279 patients
for each study, with a mean of 104 patients.
Overall, 34 studies26-31,34-38,40-62 had two arms, 3
studies had three arms,32:33:3% and 1 trial had five
arms.!? There were 14 studies that mentioned the
inclusion criteria,10-28,33,39,42-44,48,51-53,58-60 gnd the
remaining studies did not. The dosage and the
frequency of oral berberine was 0.05-0.5g and
2-3 times per day, while the dosage and the fre-
quency of enema berberine was 10-20mg and
1-2 times per day (Table 1).

Risk of bias in included studies

All studies were considered high risk of bias,
mainly due to unclear concealment (36 of 38,
94.7%), no blinding (37 of 38, 97.3%) and selec-
tive reporting of outcomes (11 of 38, 28.9%;
Figure 2).

Effect estimates

Data analysis was performed according to the
comparison. We could not summarize data or
perform meta-analyses due to inclusion of just
one study.

Primary outcomes

A total of 35 studies reported clinical cure rate,
with a largely similar definition, that was the
symptoms of diarrhea disappeared, and fecal trait
and the stool frequency returned to normal within
48h or 72h or 100h (as defined in each original
study) after treatment.

Clinical cure rate

Comparison 1: berberine versus no berberine.
Overall, a meta-analysis from 17 studies26-3%41-44
showed that compared with no berberine groups,
treatment with berberine resulted in a more sig-
nificant number of patients being cured of diar-
rhea (RR 1.37, 95% CI 1.27-1.47, I’=5%,
n=1684, 17 trials, moderate certainty evidence;
Figure 3). A funnel plot for these 17 studies
appeared to be symmetrical, indicating no severe
publication bias (Figure 4).

In the subcomparison, that is, berberine + antibi-
otics versus antibiotics, there is insufficient evi-
dence to prove that berberine has an advantage in
treating children with diarrhea on day 3.282° One
study?’ found that berberine does not have an
advantage in treating children with persistent
infectious diarrhea on day 3. Other studies have
reported advantages of berberine in treating diar-
rhea.26,28,30,31,36,39,41 T berberine wversus antibiot-
ics, a study?*? reported that berberine could cure
more children with infectious diarrhea compared
with antibiotics on day 3. But there was no statis-
tically significant between the experiment group
and control group for adults in other studies.42-44
In berberine + probiotics wversus probiotics, three
studies??33:39 showed that berberine has an advan-
tage for adults with persistent diarrhea. In berber-
ine + intestinal mucosa protection + antibiotics
versus intestinal mucosa protection + antibiotics,
the cure rate of berberine groups was significantly
higher than the control group for children with
diarrhea.3%:38

A sensitivity analysis exploring the effect of rand-
omization, allocation concealment (Appendix 1),
and selective reporting bias (Appendix 2) did not
change the result of the overall meta-analysis sig-
nificantly, although it changed the results of some
subgroup analyses.

Comparison 2: berberine + montmorillonite ver-
sus no berberine + montmorillonite. Overall, 13
studies*>>7 evaluated clinical cure rates. Treat-
ment with berberine and montmorillonite
resulted in a more significant number of children
being cured of acute diarrhea (RR 1.70, 95% CI
1.43 to 2.02, =55%; n=1146, 13 trials, very-
low-certainty evidence, Appendix 3). On visual
inspection, the funnel plot was asymmetric, with
most studies centered together on the upper left
(Appendix 4).

In the subcomparison (berberine +montmoril-
lonite + antibiotics wversus antibiotics), 12 studies
reported that berberine combined with montmo-
rillonite and antibiotics had an advantage for chil-
dren with diarrhea than antibiotics alone.45-49:51,57
In berberine + montmorillonite versus antibiotics,
compared with the antibiotics group, the cure
rate of berberine combined with montmorillonite
and antibiotics was significantly higher for adults
in acute diarrhea.>°
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Was generation randomization of sequence adequate

Was allocation concealed?

Blinding of patients

Blinding of health care providers

Blinding of data collectors

Blinding of adjudicators

Blinding of data analysts

Lost to follow-up/missing data
Selective report

0%

‘25% l50% \ 75% 100%

@ rrobably low risk of bias

Probably high risk of bias

@ Low risk of bias

@ High risk of bias

Figure 2. Risk of bias graph: review of author’s judgements about each risk of bias item presented as

percentages across all included studies.

A sensitivity analysis exploring the effect of selec-
tive reporting bias [Appendix 3(a)] did not
change the result of the overall meta-analysis
significantly.

Comparison 3: berberine + Bifidobacterium subti-
lis versus no berberine + Bifidobacterium subtilis;
berberine + montmorillonite + vitamin B versus
no berberine + montmorillonite + vitamin B; ber-
berine + Bifidobacterium lactobacillus triple via-
ble + montmorillonite versus no berberine +
Bifidobacterium lactobacillus triple viable +
montmorillonite;  berberine + montmorillonite +
anisodamine versus no berberine + montmorillon-
ite + anisodamine. Compared with the control
groups, using berberine in combinations with
probiotics,>® vitamin B5%% and Bifidobacterium
lactobacillus triple viable®! increased the clinical
cure rate of diarrhea (Appendices 5-7). There was
no statistically significant benefit using berberine
combined with montmorillonite and anisoda-
mine®? (Appendix 8).

Duration of diarrhea

Comparison 1: berberine versus no berberine; ber-
berine + montmorillonite versus no berberine +
montmorillonite. Overall, five studies evaluated
the duration of diarrhea. The use of berberine
alonel%32:33 or berberine combined with montmo-
rillonite4’:57 has an advantage for diarrhea (low-
certainty evidence) (Appendices 9 and 10). One

of the studies!® measured the mean number of the
duration of acute diarrhea in adults on day 3
(mean of 37.4h in the berberine group wversus
44.91 in the control group).

Secondary outcomes

Stool frequency, stool output and fecal trait. The
use of berberine alone3” or berberine combined
with montmorillonite3® may improve the stool fre-
quency, fecal trait, stool output (mean of 2.51 in
the berberine group wversus 5.01 in the control
group)!® (Appendices 11-13).

Stool routine examination, stool bacterial culture
and duration of hospitalization. The use of berber-
ine alone*?%* (very-low-certainty evidence) or
berberine combined with montmorillonite and
vitamin B®° might have no effect on the improve-
ment of the stool bacterial culture and the stool
routine examination (Appendices 14-16).

There was evidence of benefit using berberine or
berberine combined with montmorillonite?8:38
(very-low-certainty evidence), vitamin B (mean
of 2.5d in the berberine group versus 5.0d in the
control group)®® (Appendices 17 and 18). There
was significant heterogeneity (I2=99%). Due to
the insufficient studies, we did not perform a sub-
group analysis based on age and the route of
administration to explain the statistical differ-
ences between the trials.
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Experimental Control Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed. 95% Cl

1.1.1 Berberine + antibiotics vs antibiotics - children diarrhea on day 3

Liwz017 17 35 16 35 35% 1.06 [0.65,1.75]
WeiH2016 9 15 8 15 18% 1.13[0.60, 2.11]
Subtotal (95% CI) 50 50 53% 1.08[0.73, 1.60]
Total events 26

24
Heterogeneity: Chi*=0.02, df=1 (P=0.89); F= 0%
Test for overall effect: Z= 0.40 (P =0.69)

1.1.2 Berberine + antibiotics vs antibiotics - children diarrhea on day 7

Cheng H2015 20 29 10 28 22% 2.00[1.14, 3.49]
Huang YC2012 34 50 20 50 4.4% 1.70[1.15, 2.51]
Wang ZH2016 25 45 20 45 4.4% 1.25[0.82,1.90]
Yang CZ2017 22 38 16 38 35% 1.38(0.87,2.18]
Subtotal (95% CI) 162 162 14.5%  1.53[1.23,1.91]
Total events 101 66

Heterogeneity: Chi*= 227, df= 3 (P=052); F= 0%
Test for overall effect: Z= 3.76 (P =0.0002)

1.1.3 Berberine + antibiotics vs antibiotics - acute infectious diarrhea in children on day 3

Xu YF2006 80 84 66 84 145% 1.21[1.07,1.37]
Subtotal (95% CI) 84 84 14.5%  1.21[1.07,1.37]
Total events 80 66

Heterogeneity: Not applicable
Test for overall effect: Z= 3.10 (P = 0.002)

1.1.4 Berberine + antibiotics VS antibiotics - children with persistent infectious diarrhea on day 3

Huang H2010 23 40 15 40 33% 1.53[0.95, 2.48]
Subtotal (95% Cl) 40 40 33%  1.53[0.95,2.48]
Total events 23 15

Heterogeneity: Not applicable
Test for overall effect: Z=1.74 (P=10.08)

1.1.5 Berberine + antibiotics VS antibiotics - adults with acute and persistent infectious diarrhea on day 3

Lin RX2016 40 49 20 43 4.4% 2.00[1.39, 2.87]
Subtotal (95% CI) 49 49 44%  2.00[1.39,2.87]
Total events 40 20

Heterogeneity: Not applicable
Test for overall effect: Z= 3.75 (P=0.0002)

1.1.6 Berberine + antibiotics vs antibiotics - adults with acute and persistent, infectious and non-infectious diarrhea on day 5

FuJa2011 36 53 25 53 55% 1.44[1.03, 2.02]
Subtotal (95% Cl) 53 53 5.5%  1.44[1.03,2.02]
Total events 36 25

Heterogeneity: Not applicable
Test for overall effect: Z= 2.10 (P =0.04)

1.1.7 Berberine VS antibiotics - children with infectious diarrhea on day 3

Dang GL2011 35 57 18 45  44%  1.54[1.02,2.32)
Subtotal (95% CI) 57 45  4.4%  1.54[1.02,232]
Total events 35 18

Heterogeneity: Not applicable
Test for overall effect: Z= 2.03 (P=0.04)

1.1.8 Berberine VS antibiotics - adults with infectious diarrhea on day 7

Zhang HF2015 24 30 17 30 37% 1.41[0.98, 2.02]
Subtoetal (95% CI) 30 30 3.7% 1.41[0.98,2.02]
Total events 24 17

Heterogeneity: Mot applicable
Testfor overall effect: Z=1.88 (P = 0.06)

1.1.9 Berberine VS antibiotics-adults with acute and persistent, infectious and non-infectious diarrhea on day 5

Wu J2001 56 80 51 80 11.2% 1.10[0.88,1.37]
Subtotal (95% Cl) 80 80 11.2%  1.10[0.88, 1.37]
Total events 56 51

Heterageneity: Not applicable
Test for overall effect: Z= 0.84 (P = 0.40)

1.1.10 Berberine + probiotics VS probiotics-aduits persistent diarrhea

Hu Y2009 18 20 14 20 31%  1.36[1.00,1.84]
LuoYM2014 25 35 16 33 36%  1.47[0.98, 2.23)
YeJ2013 22 30 16 30 35%  1.38(0.92 2.08
Subtotal (95% CI) 85 83 10.2%  1.40[1.13,1.75]
Total events 66 46

Heterogeneity: Chi*=0.11, df= 2 (P = 0.95); F= 0%
Test for overall effect: Z= 3.02 (P =0.003)

1.1.11 Berberine + intestinal mucosal protection + antibiotics VS intestinal mucosal protection + antibiotics-Children with diarrhea

LiYL2010 53 60 37 B0 81%  1.43(1.15,1.78)
Zhou Y2013 89 100 68 98 15.1% 1.28[1.11,1.49]
Subtotal (95% Cl) 160 158  23.2%  1.34[1.18, 1.51]
Total events 142 105

Heterogeneity, Chi*= 067, df=1 (P=0.41);F=0%
Testfor overall effect: Z= 4.58 (P < 0.00001)

Total (95% CI) 850 834 100.0%  1.37[1.27,1.47]
Total events 629 453

Heterogeneity: Chi*=17.98,df=17 (P = 0.39), F=5%

Test for overall effect: Z= 8.53 (P < 0.00001)

Testfor subaroun differences: Chi*=13.96. df=10(P = 017). "= 28.4%

Figure 3. Berberine versus no berberine clinical cure rate.
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Figure 4. Berberine versus no berberine clinical cure rate funnel plot.

Duration of other symptoms, isoenzyme, inflamma-
tory factors and myocardial enzyme. Using berber-
ine also significantly had better laboratory tests
results [isoenzyme-CK3%31 (low-certainty evi-
dence), CK-MB?7:30:31 (very-low-certainty evi-
dence), inflammatory factors-INF-¢26:27:30,31
(very-low-certainty evidence), IL.-626-27:30,31 (yery-
low-certainty evidence), IL.-1026:3031 (very-low-
certainty evidence) and myocardial enzyme-
ALT?6:27:31  (Jow-certainty evidence), AST?27:30
(low-certainty evidence), LDH?3Y] and fewer sys-
temic symptoms>’ (such as vomiting,*® heating?)
than the control groups (Appendices 19-30).

Adverse events. The most commonly reported
adverse effect was vomiting and rash, but were
not serious. No deaths were reported in any of the
included studies.

Discussion

Summary of our results

We conducted extensive literature searches and
identified 38 studies (3948 participants, 27 pediat-
ric trials with 2702 children) for analysis.
Compared with antibiotics, berberine plus antibi-
otics showed better results in both adults and in
children in general, especially when given for 7 days
or 3days in acute infectious diarrhea of children.

Berberine was used orally in all adults and as
enema in 2306 (2306 of 2702, 85.3%) children.
We examined the use of berberine alone or berber-
ine combined with montmorillonite, probiotics,
vitamin B or anisodamine for diarrhea. Overall,
compared with the control groups, using berberine
alone or in combinations with montmorillonite,
probiotics, and vitamin B increased the clinical
cure rate of diarrhea. The use of berberine alone or
berberine combined with montmorillonite may
reduce the duration of hospitalization, improved
the stool frequency and fecal trait. There was no
evidence for the improvement of the culture of the
stool bacteria due to use of berberine or berberine
combined with montmorillonite and vitamin B.
Using berberine also significantly had better labo-
ratory tests results (isoenzyme, inflammatory fac-
tors and myocardial enzyme) and fewer systemic
symptoms than the control groups. There was no
evidence that these interventions had caused death
or severe side effects. No study reported industry
conflict of interest. However, the quality of evi-
dence of included trials was moderate to low or
very low.

Strengths and limitations

This is the first systematic review to provide evi-
dence for the efficacy and safety of using berber-
ine alone or in combination with Western
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medicine in diarrhea treatment. Berberine is the
major active component of rhizoma coptidis and
rhizoma phellodendron, which has been the most
well-acknowledged traditional Chinese herb for
diarrhea for over 2000 years. We used a modifica-
tion of the Cochrane Risk of Bias Tool, which
uses judgements of ‘probably high/low risk of
bias’ to reduce the occurrence of ‘unclear’ to
assist transparent judgements of the readers.?3
We applied GRADE criteria to determine the cer-
tainty in the estimate of effect for our primary
outcomes and plausible subgroups.?> We also
evaluated the robustness of the meta-analysis by
sensitivity analysis.

There are some limitations to our review.
Excessive heterogeneity came to our notice in
some of the comparisons; however, we did not
have sufficient data and information to identify
the source of heterogeneity. We contacted the
authors of those studies that were missing critical
information but did not receive any useful infor-
mation from them. Missing essential information
such as the course of the disease, absenteeism, the
intensity of antibiotic use, quality of life and
recurrent diarrhea, may reduce the guiding sig-
nificance of the clinical practice. Because there is
no blind design, most studies have produced a
particular bias that affects the quality of evidence.
The insufficient number of included studies in
some comparisons affected the reliability of the
results. We planned subgroup analysis based on
dosage and treatment duration, however, the
number of trials in each stratum was so limited
that subgroup analysis could not be conducted as
planned. Thus, the impact of different dosages,
frequencies and treatment durations on the out-
comes was not evaluated.

Implications for practice

The current data are promising but inconclusive.
According to available evidence, berberine has a
good effect on infectious, noninfectious, acute and
persistent diarrhea. It can also be used to treat
adults and children with diarrhea. There is also
some evidence for the efficacy of berberine com-
bined with montmorillonite in the treatment of
diarrhea in children. The use of berberine and
berberine in combination with montmorillonite
appears to be an adjunctive therapy for diarrhea.
Although some studies have demonstrated the
efficacy of berberine and montmorillonite in com-
bination with anisodamine, vitamin B or

probiotics for diarrhea; however, due to the small
number of studies and participants, we are not
certain of this. Berberine enema treatments for
childhood diarrhea were very outstanding.
Montmorillonite slows down the peristaltic speed
of the intestinal wall, improves the microcircula-
tion of intestinal, and enhances the immunity of
body.%* Vitamin B promotes metabolism, repairs
the gastrointestinal mucosa and improves the
function of the digestive system. Probiotics adjust
the balance of intestinal flora, inhibit the produc-
tion of endotoxins by harmful bacteria and main-
tain the normal physiological function of human
intestines.3” Berberine combined with montmoril-
lonite and vitamin B or probiotics can improve
dyspepsia, reduce vomiting and restore the nor-
mal physiological function of the intestinal
mucosal barrier.%4

Because of the low bioavailability of berberine,38
it needs to be given three times a day for adults.%
Although it adds extra burden to the patients, it
only has a high drug concentration in the intes-
tine, and its blood drug concentration is almost
negligible.38 Thus, berberine can reduce the risk
of systemic side effects.

Acute diarrhea is often due to viruses or bacteria
which are resistant to some antibiotics.®® Overall,
15 studies (Table 1) included in our review were
infectious diarrhea; however, no pathogen was
reported. We are unable to tell whether there
were misuse of antibiotics. We suggest, in clinical
practice, antibiotics should be prescribed accord-
ing to local regulations to avoid as much as pos-
sible misuse and overuse (see Table 2 for summary
of primary outcomes of RCTs on berberine for
diarrhea).

Taking account of the over 30 years’ usage of ber-
berine for diarrhea as an over-the-counter antimi-
crobial in a large Chinese population, the very
low marketing price, the effectiveness we found,
as well as the low incidence of adverse events,
which was also addressed in a pharmacology
review,1? berberine should be an attractive inter-
vention for diarrhea.

The dosage of oral berberine for adults or chil-
dren based on literature is consistent with the
user’s manual, and for adults, is 0.1-0.3g per
time, three times a day,%’ and for children, is
based on the weight and age of the children
(Table 3).97 Although we found that berberine
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Table 3. The instructions of oral berberine for children.¢’

Age Weight Dosage

1-3years 10-15kg 0.05-0.1g
4-byears 16-21kg 0.1-0.15g
7-9years 22-27kg 0.15-0.2g
10-12 years 28-32kg 0.2-0.25¢

can be used by enema from the included litera-
ture, no instruction could be found in the user’s
manual. However no obvious adverse event was
reported, either. Merits and risks of berberine
enema need to be further explored.

Implications for research

A large sample and multicenter well-designed
clinical studies on berberine in specific popula-
tion (children/adults), disease condition (infec-
tious/noninfectious; acute/chronic) and treatment
protocol (alone or in combination, orally taken or
enema) are needed since berberine has shown
therapeutic evidence or potentials in all above cir-
cumstances with seemingly low safety risk, and
preclinical research evidence support. Economic
analysis should be provided to guide practices in
different countries or regions.

Conclusion

In conclusion, the current data are promising but
inconclusive. Berberine alone or combined with
montmorillonite may have benefit for diarrhea.
There are few studies evaluating necessary out-
comes in berberine for diarrhea, especially for
absenteeism, the intensity of antibiotic use, qual-
ity of life and recurrent diarrhea. Due to the risk
of bias and concern of publication bias, the above
evidence was moderate to low or very low. A large
sample and multicenter well-designed clinical
studies are needed.
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