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Purpose. To assess the efficacy and safety of berberine on reproductive endocrine and metabolic outcomes in women with
polycystic ovary syndrome (PCOS).Methods. PubMed (from 1950), the Cochrane Library, the CNKI (from 1979), the VIP (from
1989), and theWanfang Data (from 1990) and the reference lists of the retrieved articles were searched for randomized controlled
trials in human beings with the search terms including “polycystic ovary syndrome/PCOS” and “berberine/BBR/Huangliansu (in
Chinese)/Xiao bojian (in Chinese)” till 30 May 2019. Relevant indicators were collected and the data were analyzed by using
RevMan 5.3 software. Results. Eventually, a total of 12 randomized controlled trials were included in this systematic review. Our
study suggested that berberine had similar live birth rates compared with placebo or metformin and lower live birth rates (RR:
0.61, 95% CI: 0.44 to 0.82) compared with letrozole.-ere was a significant difference between berberine and placebo and between
berberine and no treatment in terms of decreasing total testosterone and luteinizing hormone to follicle-stimulating hormone
(LH/FSH) ratio (8 RCTs, 577 participants, MD: − 0.34, 95% CI: − 0.47 to − 0.20; 3 RCTs, 179 participants, MD: − 0.44, 95% CI: − 0.68
to − 0.21, respectively). Berberine was associated with decreasing total cholesterol (3 RCTs, 201 participants; MD: − 0.44, 95% CI:
− 0.60 to − 0.29), waist circumference (3 RCTs, 197 participants, MD: − 2.74, 95% CI: − 4.55 to − 0.93), and waist-to-hip ratio (4
RCTs, 258 participants, MD: − 0.04, 95% CI: − 0.05 to − 0.03) compared with metformin, but not with improved BMI (4 RCTs, 262
participants, MD: − 0.03, 95% CI: − 0.46 to 0.39). Berberine did not increase the incidence of gastrointestinal adverse events (3
RCTs, 567 participants, RR: 1.01, 95% CI: 0.76 to 1.35) or serious events during pregnancy (RR: 0.98, 95% CI: 0.70 to 1.37)
compared with placebo. Conclusion. -is review found no solid evidence that berberine could improve live birth or other clinical
outcomes in women with PCOS. However, berberine appeared to be more efficacious for improving insulin resistance and
dyslipidemia and decreasing androgen levels and LH/FSH ratio in women with PCOS when compared with metformin.

1. Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous en-
docrine disorder, and the prevalence worldwide ranges from
4% to 21%, depending on different diagnostic criteria [1, 2].
Metabolic dysfunction is a key feature of PCOS, which is
characterized by dysglycemia, hyperinsulinemia, and dys-
lipidemia. Insulin resistance has an important role in the

mechanism of PCOS in both obese and nonobese women,
and hyperinsulinemia in response to insulin resistance in-
creases ovarian androgen synthesis and decreases hepatic
sex-hormone binding globulin (SHBG) synthesis resulting
in androgen excess [3]. Women with PCOS with oligo-
ovulation or anovulation have higher homeostatic model
assessment of insulin resistance (HOMA-IR) compared to
those with normal menstrual cycles [4]. Insulin-sensitizing
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drugs, especially metformin, are widely used as second-step
treatments and as cotreatments for PCOS. Some studies
report that metformin might improve live birth rates
compared with placebo, and coupling metformin with
clomiphene citrate might improve clinical pregnancy and
ovulation rates when compared with clomiphene citrate
alone [5–8]. However, the evidence to support these asso-
ciations is weak, and women taking metformin often suffer
from gastrointestinal side effects.

Berberine, an isoquinoline derivative alkaloid isolated
from Rhizoma coptidis, is commonly used to treat in-
flammation, diabetes mellitus, hyperlipidemia, and in-
fertility [9–11]. Several studies indicate that berberine has
similar effects as metformin on improving hyperglycemia
and is more beneficial for decreasing hyperlipidemia in
patients with type 2 diabetes mellitus [12–14]. Additionally,
berberine has similar effects as metformin on improving
metabolic index, insulin level, and hyperandrogenemia, and
it has additional effects on body composition and hyper-
lipidemia in women with PCOS when compared with
metformin [15]. Several studies indicated that berberine
inhibits the mTOR pathway with abnormally high activity in
the state of insulin resistance mainly by activating AMPK
activity, so as to mediate the insulin signaling pathway and
improve insulin resistance [16–21].

A systematic review has reported on randomized con-
trolled trials (RCTs) comparing berberine with metformin in
women with PCOS, which evaluated the effect of berberine
on glucose and lipid metabolic indexes and WHR of PCOS
patients [22]. However, reproductive disorders are also
urgent problems for PCOS patients. Additionally, more
RCTs have been published since the publication of this
review [23–28]. -us, it is necessary to assess the current
trials to systematically review the potential efficacy and
safety of berberine on reproductive and metabolic outcomes
in women with PCOS.

-e aim of this systematic review was to assess the ef-
ficacy and safety of berberine in women with PCOS in terms
of reproduction outcomes, clinical symptoms, metabolic
status, and hormone levels.

2. Materials and Methods

-e review was registered with systematic review record
CRD 42016044031 in the PROSPERO database.

2.1. Search Strategies. PubMed (from 1950), the Cochrane
Library, the China National Knowledge Infrastructure (from
1979), the VIP Database for Chinese Technical Periodicals
(from 1989), and the Wanfang Database on Academic In-
stitutions in China (from 1990) were searched till 30 May
2019. Search keywords included “polycystic ovary syn-
drome/PCOS” and “berberine/BBR/Huangliansu (in Chi-
nese)/Xiao bojian (in Chinese).”

2.2. Study Selection. To determine the studies to be searched
further, two review authors (QX and DYY) independently
scanned the titles and abstracts of all articles identified from

electronic databases. Full-text articles were scanned for all
potentially relevant articles. If there was any disagreement
on the selection of articles, they discussed with the third
author (XLZ).

2.3. Selection Criteria. According to the PRISM statement,
we used the PICO (population, intervention, comparison,
and outcome) framework to establish a priori selection
criteria for including or excluding the studies in this sys-
tematic review.

-e inclusion criterion for the population was women
diagnosed with PCOS according to specific criteria, e.g., the
Rotterdam criteria.-e inclusion criteria for study type were
RCTs. Exclusion criteria included adolescents (under 18
years of age) and postmenopausal women (over 50 years).

Interventions included berberine only (no limit to
dosage form, dose, or duration) or berberine-combined
interventions. Control interventions included no treatment,
placebo, western medicine, herbal medicine, lifestyle in-
tervention, and exercise. -e primary outcomes were de-
fined as live birth and adverse events. We described all
adverse events reported in the included studies. Secondary
outcomes included other clinical reproduction outcomes
(ovulation, pregnancy, and conception), glucose and lipid
metabolism (fasting and postprandial plasma glucose,
fasting and postprandial insulin, total triglycerides, total
cholesterol, high-density lipoprotein (HDL), and low-den-
sity lipoprotein (LDL)), clinical symptoms (body mass index
(BMI), waist circumference (WC), and waist-to-hip ratio
(WHR)), and reproductive hormones (total testosterone,
free testosterone, free androgen index (FAI), luteinizing
hormone (LH), follicle-stimulating hormone (FSH), and
LH-to-FSH ratio).

2.4. Risk of BiasAppraisal. -emethodological quality of the
included trials was assessed independently by two authors
(YYD and QX) using the Cochrane risk of bias tool (the
Cochrane Handbook for Systematic Reviews of In-
terventions [29]). Individual quality items were investigated
using a descriptive component approach that included the
six special domains of sequence generation, allocation
concealment, blinding, incomplete outcome data, selective
outcome reporting, and other bias. -e six domains were
categorized as “yes,” “no,” and “unclear,” and all disagree-
ments were resolved through discussion (with XKW and
LZX) to reach a consensus.

2.5. Data Extraction. Data were extracted from the included
studies by two independent reviewers (YYD and QX) using a
specially developed data extraction form according to the
selection criteria. Information extracted included de-
scriptions of the studies (authors, country, year of publi-
cation, diagnostic criteria for PCOS, primary and secondary
outcomes, sample size, and follow-up), participants (mean
age and BMI), interventions (type, dose, and duration of
berberine), and study results according to the outcomes
outlined above (Table 1).
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2.6. Strategy for Data Synthesis. Review Manager software
version 5.3 by the Cochrane Collaboration Network was
used for data analysis. Continuous data were expressed as
the mean difference (MD) with 95% confidence interval
(CI), and dichotomous data were presented as risk ratio
(RR) with 95% CI. Meta-analyses were performed with the
included RCTs, and the heterogeneity was evaluated with
the Higgins I2 test. If I2 > 50%, a random effects model was
used for meta-analyses of the data. If not, a fixed effects
model was used. Sensitivity analysis was carried out to
explore heterogeneity due to extreme data. -e funnel plot

was used to detect small-study effects or publication
biases.

3. Results

3.1. Study Selection. Of the 986 articles identified in the
initial searches, 21 were selected for full review, including 12
RCTs [15, 23–28, 30–34] (Figure 1). -e 12 RCTs were
included in the analysis and comprised a total of 1,544
women with PCOS based on eligibility criteria. -e 12 RCTs
had samples ranging from 50 to 644 women with PCOS, the

Table 1: Characteristics of randomized controlled trials included in this systematic review and meta-analyses.

Study Study
location

Sample
size

Age (year)
(mean± SD)

Diagnostic
criteria

Treatment group
Outcomes

Treatments Dosage Duration
(weeks)

An et al.
[33] China

50 28.2± 3.8
2003

Rotterdam

BBR 500mg, tid

12

Live birth pregnancy, adverse
events, BMI, WC, WHR

50 28.7± 4.2 MET 500mg, tid SHBG, FAI, TT, LH, FSH,
FPG, FINS, TC, TG, HOMA,

HDL, LDL50 28.4± 4.0 Placebo 1 pill, tid

Chen
et al. [23] China

50 25.9± 2.5
UK

CPA 1 pill, qd
3 TC, TGHDL, LDL50 26.1± 2.5 BBR+CPA 1000mg/d,

bid
Li and Yu
[24] China 53 18–36 2003

Rotterdam
BBR+LET 500mg, tid 12 Ovulation (subject)45 MET+LET 500mg, tid

Li et al.
[25] China

30 24.61± 4.79
2003

Rotterdam

BBR 300mg, tid

12

Pregnancy, TT, BMI, WC,
WHR, FPG, PPG, FINS,

PPINS, LH, FSH, LF, HOMA,
TC, TG, HDL, LDL

30 26.86± 4.04 MET 500mg, tid

Liu [34] China
23 26.09± 4.63 2003

Rotterdam

Herbal
400mg, tid 12

Pregnancy, BMI, LH, FSH, LF,
TT, FPG, FINS, HOMA, TG,

LDL, HDL23 25.70± 4.68 Herbal + BBR

Liu et al.
[25] China 40 26.52± 6.85 2003

Rotterdam
BBR+CC+CPA 1000mg,

tid 12 Pregnancy, ovulation (cycle),
FPG, FINS, TC, SHBG, TT, LH40 27.53± 8.16 CC+CPA

Ma et al.
[31] China

28 26.75± 2.62

2003
Rotterdam

CPA 1 pill, qd

12
FPG, FINS, BMI, TC, WHR,
TG, TT, LH, FSH, HDL, LDL,

HOMA

31 25.74± 2.66 CPA+BBR 1000mg,
bid

30 26.03± 2.82 CPA+MET 500mg, tid
33 26.27± 1.89 CPA+BBR+MET

Wang
et al. [32] China 28 25.5± 3.2 2003

Rotterdam
MET 500mg, tid 12 BMI, TT, LH, FSH, LF28 MET+BBR 500mg, tid

Wang
et al. [27] China 42 24.5± 3.4 UK MET 500mg, tid 12 Ovulation (subject), BMI,

WHR, TT, LH, FSH, LF42 24.3± 3.5 MET+BBR 500mg, tid

Wei et al.
[15] China

31 26.75± 2.62 2003
Rotterdam

Placebo +CPA 1 pill, qd
12

BMI, WC, WHR, FPG, FINS,
PPG, TC, TG, LDL, HDL

35 25.74± 2.66 BBR+CPA 500mg, tid SHBG, TT, FAI, LH, FSH,
HOMA34 26.03± 2.82 MET+CPA 500mg, tid

Wu et al.
[28] China

214 27.8± 3.7 2003
Rotterdam

BBR+Placebo 1500mg,
qd 24

Live birth pregnancy,
conception, ovulation (subject

cycle), adverse events215 27.8± 3.6 LET+ Placebo 2.5mg, qd
215 27.8± 3.6 BBR+LET

Zhu et al.
[30] China 25 47.64± 8.32 2003

Rotterdam
Placebo +CPA 1 pill, qd 3 BMI, WHR, FPG, TC, TG, TT,

adverse events, LH, FSH25 48.36± 8.45 BBR+CPA 300mg, tid
2003 Rotterdam: 2003 Rotterdam ESHRE/ASRM criteria; BBR: berberine; MET: metformin; CPA: cyproterone; LET: letrozole; BMI: body mass index; WC:
waist circumference;WHR: waist circumference-to-hip circumference ratio; TT: total testosterone; SHBG: sex-hormone binding globulin; FAI: free androgen
index; LH: luteinizing hormone; FSH: follicle-stimulating hormone; LF: luteinizing hormone to follicle-stimulating hormone ratio; FPG: fasting plasma
glucose; PPG: postprandial plasma glucose; FINS: fasting insulin; PPINS: postprandial plasma insulin; HOMA: homeostasis model assessment of insulin
resistance; TC: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol.
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majority of whom were under 36 years of age. Ten of the
studies reported diagnostic criteria included in the 2003
Rotterdam ESHRE/ASRM criteria [35]. Berberine alone or
combined with drugs or assisted reproductive technology
were used as the interventions, and the controls were pla-
cebo or no intervention. In most trials, all women generally
received 900mg or 1,500mg berberine per day, except for
three trials in which the berberine intake was 2,000mg per
day. -e duration of berberine treatment ranged from 3 to
24 weeks.

3.2. Risk of Bias. -e risks of bias are summarized in Sup-
plementary Figure 1. Eight studies reported sequence gen-
eration, and four of these only reported the details of
allocation concealment. One study reported double-blinding
and one reported single-blinding. All studies but one re-
ported the reasons for withdrawals if there were with-
drawals. One study had a high risk of selective reporting bias.

3.3. Berberine vs. Placebo or No Treatment

3.3.1. Primary Outcome. Four studies [26, 28, 30, 33]
compared berberine with placebo, and two of these reported
live birth rates [28, 33]. Combined with lifestyle, berberine
was associated with a higher live birth rate compared with
placebo (RR 2.36, 95% CI 1.13 to 4.95) prior to IVF/ICS
treatment (Figure 2) [33]. However, in combination with
letrozole, the incidence of live birth was similar for berberine
vs. placebo (RR 0.95, 95% CI 0.73 to 1.23) (Figure 2) [28]. No
studies reported that berberine improved live birth when it
was used alone.

3.3.2. Other Clinical Outcomes. All four RCTs reported
clinical reproductive outcomes [26, 28, 33, 34]. -ere was no
evidence that berberine was associated with higher preg-
nancy compared with placebo or no treatment (4 RCTs, 620
participants, RR: 1.46, 95% CI: 0.90 to 2.36, I2 � 62%) (Ta-
ble 2) [26, 28, 33, 34]. However, subgroup analysis showed
that berberine combined with other treatments improved
pregnancy (2 RCTs, 119 participants; RR: 2.05, 95% CI: 1.16
to 3.64, I2 � 0) compared with the other treatment alone
[26, 28]. Berberine was associated with higher ovulation per
cycle, but similar ovulation per subject (RR: 1.51, 95% CI:
1.23 to 1.86; RR: 1.21, 95% CI: 0.95 to 1.54, respectively), in
women with PCOS compared with no treatment (Table 2)
[26].

3.3.3. Reproductive Hormone Levels. Eight studies assessed
total testosterone comparing berberine with placebo or no
treatment [15, 26, 27, 30–34]. A meta-analysis was per-
formed and showed that total testosterone was slightly but
significantly decreased in the berberine group compared
with placebo or no treatment (8 RCTs, 577 participants; MD:
− 0.34, 95% CI: − 0.47 to − 0.20, I2 � 80%) (Table 2)
[15, 26, 27, 30–34]. Sensitivity analysis by study quality
showed that there was a barely detectable but statistically
significant difference between berberine and placebo or no

treatment, but no improvement in the heterogeneity, in two
of the included studies [15, 33]. Berberine treatment com-
pared with placebo yielded slightly increased SHBG (2 RCTs,
146 participants, MD: 13.71, 95% CI: 8.93 to 18.48, I2 � 0)
[15, 33] and decreased FAI (2 RCTs, 146 participants; MD:
− 1.30, 95% CI: –1.73 to − 0.88, I2 � 0) (Table 2) [15, 33].

Berberine was associated with decreased LH compared
with placebo (3 RCTs, 196 participants, MD: − 1.04, 95% CI:
− 1.87 to − 0.21, I2 � 47%) (Table 2) [15, 30, 33]. -ere was a
significant difference between berberine and no treatment in
term of decreasing LH (5 RCTs, 381 participants, MD: − 1.49,
95% CI: − 2.26 to − 0.73, I2 � 67%) [26, 27, 31, 32, 34] and
decreasing LH-to-FSH ratio (3 RCTs, 179 participants, MD:
− 0.44, 95% CI: − 0.68 to − 0.21, I2 � 53%) (Table 2)
[27, 32, 34].

3.3.4. Metabolic Characteristics. Seven studies reported
metabolic characteristics, including glucose and lipid pro-
files [15, 23, 26, 30, 31, 33, 34]. For the glucose profile,
berberine was associated with decreasing fasting plasma
glucose (3 RCTs, 196 participants, MD: − 0.35, 95% CI: − 0.55
to − 0.16, I2 � 41%) [15, 30, 33] and decreasing insulin levels
(2RCTs, 146 participants, MD: − 5.86, 95% CI: − 7.99 to
− 3.74, I2 � 64%) [15, 33] compared with placebo (Table 2).
Berberine had a decreasing postprandial plasma glucose
level (MD: − 0.60, 95% CI: − 0.98 to − 0.22) [15] compared
with placebo (Table 2) and lower HOMA-IR (MD: − 2.20,
95% CI: − 2.68 to − 1.72) [34] compared with no treatment
(Table 2).

For the lipid profiles, berberine was associated with
decreasing total cholesterol (6 RCTs, 457 participants, MD:
− 0.53, 95% CI: − 0.68 to − 0.38, I2 � 65%)
[15, 23, 26, 30, 31, 33], triglycerides (6 RCTs, 457 partic-
ipants, MD: − 0.18, 95% CI: − 0.25 to − 0.12, I2 � 58%)
[15, 23, 30, 31, 33, 34], and LDL-C (4 RCTs, 320 partici-
pants, MD: − 0.34, 95% CI: − 0.42 to − 0.26, I2 � 45%)
[15, 23, 31, 34] and increasing HDL-C (4 RCTs, 311 par-
ticipants, MD: 0.12, 95% CI: 0.09 to 0.14, I2 � 0)
[15, 23, 31, 34] compared with placebo or no treatment
(Table 2). Sensitivity analysis by study quality did not
change the inference in total cholesterol and did not im-
prove heterogeneity but decreased heterogeneity in tri-
glycerides in two studies [15, 33].

3.3.5. Obesity. Seven studies addressed obesity indexes,
including BMI, WC, and WHR [15, 27, 30–34]. BMI was
slightly increased, but not significantly, for berberine
compared to placebo or no treatment (7 RCTs, 497 par-
ticipants, MD: − 0.67, 95% CI: − 1.38 to 0.04, I2 � 81%)
[15, 27, 30–34] (Table 2). Sensitivity analysis by study quality
did not change the inference and did not improve hetero-
geneity in two of the studies [15, 33]. Compared with pla-
cebo, one study indicated that berberine reduced WC (MD:
− 3.40, 95% CI: − 5.63 to − 1.17) [33] prior to IVF/ICS
treatment. However, in another study, there was no sig-
nificant difference between berberine and placebo in terms
of reducing WC (MD: − 0.53, 95% CI: − 3.20 to − 2.14) [15].
Additionally, a meta-analysis showed that WHR was slightly
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but significantly decreased in the berberine groups versus
placebo or no treatment (5 RCTs, 402 participants, MD:
− 0.04, 95% CI: − 0.05 to − 0.03, I2 � 0) (Table 2)
[15, 27, 30, 31, 33].

3.3.6. Adverse Events. -ree studies addressed adverse
events in the berberine group versus placebo [15, 30, 33].
Berberine was associated with similar gastrointestinal ad-
verse events (3 RCTs, 567 participants, RR: 1.01, 95% CI: 0.76
to 1.35, I2 � 0) [28, 30, 33] compared with placebo (Table 2).
-ere was no difference in serious events during pregnancy
between berberine and placebo (RR: 0.98, 95% CI: 0.70 to
1.37) [28] (Table 2).

3.4. Berberine vs. Metformin

3.4.1. Primary Outcome. One study reported live birth rates
for berberine vs. metformin [33]. -is study showed that the
incidence of live birth was slightly higher but not significant
in women with PCOS treated with berberine compared with
metformin (RR: 1.32, 95% CI: 0.78 to 2.25) [33], although the
original article indicated that there were differences between
berberine and metformin (Table 2).

3.4.2. Other Clinical Outcomes. Two studies [25, 33] re-
ported pregnancy per subject, and one [24] reported ovu-
lation per subject. Berberine had similar pregnancy per

Title/abstract unrelated to 
the topics (n = 847)

Overlapping data (n = 5)
No data (n = 2)

Outcome was unreliable (n = 1)
Systematic review (n = 1)

Duplications (n = 118)

Records identified through systematic database searching
PubMed: 15; Cochrane Library: 10

CNKI: 804; VIP: 55; WangFang: 71; CBM: 31
(n = 986)

868 unique records

21 full-text articles assessed for eligibility

12 RCTs included in the quantitative 
synthesis

Figure 1: Flow chart.

Study or subgroup

1.1.1 Berberine vs placebo
An et al. [33]
Wu et al. [28]

Subtotal (95% CI)
Total events
Heterogeneity: tau2 = 0.34, chi2 = 5.27, df = 1 (P = 0.02); I2 = 81%
Test for overall effect: Z = 0.74 (P = 0.46)

Total (95% CI)
Total events
Heterogeneity: tau2 = 0.34, chi2 = 5.27, df = 1 (P = 0.02); I2 = 81%
Test for overall effect: Z = 0.74 (P = 0.46)
Test for subgroup differences: not applicable

18
74

92

92

Risk ratio
M-H, random, 95% CI

0.20.05 1 5 20
Placebo or no treatment Berberine

Events
Berberine

Total

37
215
252

252
85

7
78

85

Placebo or
no treatment

Events Total

34
215
249

249

Weight
(%)

42.5
57.5

100.0

100.0

2.36 [1.13, 4.95]
0.95 [0.73, 1.23]
1.40 [0.58, 3.40]

1.40 [0.58, 3.40]

M-H, random, 95% CI
Risk ratio

Figure 2: Meta-analyses of the effect of berberine on fertility outcome (Live birth) compared with placebo or no treatment.
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Table 2: Data and analyses of RCTs included in this systematic review and meta-analysis.

Outcome or Subgroup Studies Participants Risk ratio/mean difference 95% CI Z-value P value I2 (%)
Berberine vs. placebo or no treatment
Live birth 2 501 1.40 [0.58, 3.40] 0.74 0.46 81
(1) Berberine vs. placebo 2 501 1.40 [0.58, 3.40] 0.74 0.46 81
Pregnancy 4 620 1.46 [0.90, 2.36] 1.55 0.12 62
(1) Berberine vs. placebo 2 501 1.21 [0.69, 2.14] 0.66 0.51 68
(2) Berberine vs. no treatment 2 119 2.05 [1.16, 3.64] 2.45 0.01 0
Conception 1 430 1.07 [0.88, 1.31] 0.68 0.50 —
(1) Berberine vs. placebo 1 430 1.07 [0.88, 1.31] 0.68 0.50 —
Ovulation per cycle 2 1,797 1.23 [0.84, 1.80] 1.07 0.28 92
(1) Berberine vs. placebo 1 1,593 1.03 [0.95, 1.11] 0.63 0.53 —
(2) Berberine vs. no treatment 1 204 1.51 [1.23, 1.86] 3.98 <0.001 —
Ovulation per subject 2 514 1.05 [0.86, 1.29] 0.50 0.61 63
(1) Berberine vs. placebo 1 430 0.98 [0.91, 1.05] 0.56 0.57 —
(2) Berberine vs. no treatment 1 84 1.21 [0.95, 1.54] 1.51 0.13 —
TT 8 577 − 0.34 [− 0.47, − 0.20] 4.94 <0.001 80
(1) Berberine vs. placebo 3 196 − 0.25 [− 0.48, − 0.02] 2.14 0.03 82
(2) Berberine vs. no treatment 5 381 − 0.38 [− 0.55, − 0.21] 4.49 <0.001 76
SHBG 3 226 8.95 [− 0.60, 18.50] 1.84 0.07 86
(1) Berberine vs. placebo 2 146 13.71 [8.93, 18.48] 5.63 <0.001 0
(2) Berberine vs. no treatment 1 80 2.41 [− 0.97, 5.79] 1.40 0.16 —
FAI 2 146 − 1.30 [− 1.73, − 0.88] 5.99 <0.001 0
(1) Berberine vs. placebo 2 146 − 1.30 [− 1.73, − 0.88] 5.99 <0.001 0
LH 8 577 − 1.29 [− 1.84, − 0.75] 4.66 <0.001 595
(1) Berberine vs. placebo 3 196 − 1.04 [− 1.87, − 0.21] 2.45 0.01 47
(2) Berberine vs. no treatment 5 381 − 1.49 [− 2.26, − 0.73] 3.83 <0.001 67
FSH 7 497 − 0.21 [− 1.77, 1.36] 0.26 0.80 99
(1) Berberine vs. placebo 3 196 0.17 [− 0.19, 0.53] 0.94 0.35 0
(2) Berberine vs. no treatment 4 301 − 0.40 [− 2.78, 1.98] 0.33 0.74 99
LF 3 179 − 0.44 [− 0.68, − 0.21] 3.65 <0.001 53
(1) Berberine vs. no treatment 3 179 − 0.44 [− 0.68, − 0.21] 3.65 <0.001 53
FPG 5 315 − 0.33 [− 0.49, − 0.17] 3.94 <0.001 0
(1) Berberine vs. placebo 3 196 − 0.35 [− 0.55, − 0.16] 3.50 <0.001 41
(2) Berberine vs. no treatment 2 119 − 0.28 [− 0.57, 0.02] 1.84 0.07 0
PPG 1 59 − 0.60 [− 0.98, − 0.22] 3.08 <0.001 —
(1) Berberine vs. placebo 1 59 − 0.60 [− 0.98, − 0.22] 3.08 <0.001 —
FINS 4 265 − 4.33 [− 7.11, − 1.55] 3.05 <0.001 92
(1) Berberine vs. placebo 2 146 − 5.86 [− 7.99, − 3.74] 5.41 <0.001 64
(2) Berberine vs. no treatment 2 119 − 2.79 [− 5.72, 0.15] 1.86 0.06 84
HOMA 1 39 − 2.20 [− 2.68, − 1.72] 8.92 <0.001 —
(1) Berberine vs. no treatment 1 39 − 2.20 [− 2.68, − 1.72] 8.92 <0.001 —
TC 6 457 − 0.53 [− 0.68, − 0.38] 7.11 <0.001 65
(1) Berberine vs. placebo 3 196 − 0.60 [− 0.84, − 0.37] 5.06 <0.001 62
(2) Berberine vs. no treatment 3 261 − 0.48 [− 0.68, − 0.28] 4.62 <0.001 72
TG 6 457 − 0.18 [− 0.25, − 0.12] 5.54 <0.001 58
(1) Berberine vs. placebo 3 196 − 0.20 [− 0.37, − 0.04] 2.49 0.01 84
(2) Berberine vs. no treatment 3 261 − 0.18 [− 0.23, − 0.12] 6.28 <0.001 0
HDL 4 311 0.12 [0.09, 0.14] 9.67 <0.001 0
(1) Berberine vs. placebo 1 59 0.11 [0.06, 0.16] 4.18 <0.001 —
(2) Berberine vs. no treatment 3 252 0.12 [0.09, 0.14] 8.72 <0.001 0
LDL 4 320 − 0.34 [− 0.42, − 0.26] 8.07 <0.001 45
(1) Berberine vs. placebo 3 196 − 0.10 [− 0.93, 0.72] 2.97 <0.001 100
(2) Berberine vs. no treatment 4 301 − 1.06 [− 2.13, 0.01] 7.53 <0.001 56
BMI 7 497 − 0.67 [− 1.38, 0.04] 1.86 0.06 81
(1) Berberine vs. placebo 3 196 − 0.10 [− 0.93, 0.72] 0.25 0.80 67
(2) Berberine vs. no treatment 4 301 − 1.06 [− 2.13, 0.01] 1.94 0.05 85
WC 2 146 − 2.06 [− 4.87, 0.74] 1.44 0.15 62
(1) Berberine vs. placebo 2 146 − 2.06 [− 4.87, 0.74] 1.44 0.15 62
WHR 5 402 − 0.04 [− 0.05, − 0.03] 9.43 <0.001 0
(1) Berberine vs. placebo 3 196 − 0.04 [− 0.06, − 0.03] 6.72 <0.001 0
(2) Berberine vs. no treatment 2 206 − 0.03 [− 0.04, − 0.02] 6.72 <0.001 0
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subject (2 RCTs, 126 participants, RR: 1.10, 95% CI: 0.69 to
1.74, I2 � 0) [25, 33] compared with metformin (Figure 3)
but higher ovulation per subject (RR: 1.32, 95% CI: 1.03 to
1.70) (Table 2) [24].

In combination with IVF/ICS and lifestyle intervention,
berberine was associated with similar pregnancy rates
compared with metformin (RR: 1.15, 95% CI: 0.72 to 1.84)
[33], while berberine alone was associated with similar
pregnancy rates compared with metformin (RR: 0.41, 95%
CI: 0.05 to 3.64) [25] (Figure 3).

3.4.3. Reproductive Hormone Levels. Four studies assessed
total testosterone comparing berberine with metformin. A
meta-analysis showed that total testosterone was slightly but
significantly decreased in the berberine versus metformin
groups (4 RCTs, 262 participants, MD: − 0.10, 95% CI: − 0.17
to − 0.03, I2 � 0) [15, 25, 31, 33] (Figure 4(a)). -ere was a

significant difference in SHBG between berberine and
metformin (2 RCTs, 146 participants, MD: 5.97, 95% CI: 1.02
to 10.91) [15, 33] (Figure 4(b)). Berberine had slightly de-
creased LH and FSH but did not quite achieve significance (4
RCTs, 262 participants, MD: − 0.49, 95% CI: − 1.31 to 0.33,
I2 � 0; MD: − 0.17, 95% CI: − 0.79 to 0.45, I2 � 82%, re-
spectively) [15, 25, 31, 33] (Table 2). However, there was
significant decrease in LH/FSH ratio between berberine and
metformin (MD: − 0.90, 95% CI: − 1.58 to − 0.22) [25]
(Table 2).

3.4.4. Metabolic Characteristics. For the glucose profile, four
studies addressed glucose and insulin levels in the berberine
group versus controls [15, 25, 31, 33]. -ere was no sig-
nificant difference between berberine and metformin in
terms of reducing fasting plasma glucose, postprandial
plasma glucose, fasting insulin, or HOMA-IR (4 RCTs

Table 2: Continued.

Outcome or Subgroup Studies Participants Risk ratio/mean difference 95% CI Z-value P value I2 (%)
Gastrointestinal adverse events 3 567 1.01 [0.76, 1.35] 0.08 0.94 0
(1) Berberine vs. placebo 3 567 1.01 [0.76, 1.35] 0.08 0.94 0
Serious events during pregnancy 1 430 0.98 [0.70, 1.37] 0.11 0.91 —
(1) Berberine vs. placebo 1 430 0.98 [0.70, 1.37] 0.11 0.91 —
Berberine vs. metformin
Live birth 1 75 1.32 [0.78, 2.25] 1.02 0.31 —
Pregnancy 2 126 1.10 [0.69, 1.74] 0.39 0.70 0
Ovulation per subject 1 98 1.32 [1.03, 1.70] 2.18 0.03 —
TT 4 262 − 0.10 [− 0.17, − 0.03] 2.75 0.01 0
SHBG 2 146 5.97 [1.02, 10.91] 2.37 0.02 0
FAI 2 146 − 0.28 [− 0.83, 0.28] 0.97 0.33 58
LH 4 262 − 0.49 [− 1.31, 0.33] 1.18 0.24 67
FSH 4 262 − 0.17 [− 0.79, 0.45] 0.55 0.58 82
LF 1 55 − 0.90 [− 1.58, − 0.22] 2.59 0.01 —
FPG 4 262 − 0.03 [− 0.23, 0.16] 0.33 0.74 52
PPG 2 116 − 0.13 [− 0.51, 0.25] 0.69 0.49 0
FINS 4 262 − 0.95 [− 2.09, 0.20] 1.62 0.10 12
PPINS 1 55 2.39 [− 31.93, 36.71] 0.14 0.89 —
HOMA 4 262 − 0.22 [− 0.47, 0.02] 1.78 0.08 0
TC 3 201 − 0.44 [− 0.60, − 0.29] 5.61 <0.001 43
TG 3 201 0.02 [− 0.19, 0.22] 0.14 0.89 82
HDL 4 262 0.05 [0.03, 0.08] 3.89 <0.001 45
LDL 4 262 − 0.34 [− 0.48, − 0.21] 4.87 <0.001 0
BMI 4 262 − 0.03 [− 0.46, 0.39] 0.15 0.88 31
WC 3 197 − 2.74 [− 4.55, − 0.93] 2.96 <0.001 33
WHR 4 258 − 0.04 [− 0.05, − 0.03] 7.91 <0.001 25
Gastrointestinal adverse events 2 145 0.50 [0.23, 1.09] 1.75 0.08 21
Berberine vs. letrozole
Live birth 1 429 0.61 [0.44, 0.82] 3.19 <0.001 —
Pregnancy 1 429 0.57 [0.43, 0.77] 3.63 <0.001 —
Conception 1 429 0.63 [0.48, 0.81] 3.57 <0.001 —
Ovulation per subject 1 429 0.79 [0.71, 0.87] 4.56 <0.001 —
Ovulation per cycle 1 1,627 0.61 [0.55, 0.68] 9.03 <0.001 —
Gastrointestinal adverse events 1 429 1.32 [1.00, 1.73] 1.97 0.05 —
Serious events during pregnancy 1 429 0.87 [0.61, 1.24] 0.78 0.44 —
Z-value: test for overall effect; P value: P value for Z-test; BMI: body mass index; WC: waist circumference; WHR: waist circumference-to-hip circumference
ratio; TT: total testosterone; SHBG: sex-hormone binding globulin; FAI: free androgen index; LH: luteinizing hormone; FSH: follicle-stimulating hormone;
LF: luteinizing hormone to follicle-stimulating hormone ratio; FPG: fasting plasma glucose; PPG: postprandial plasma glucose; FINS: fasting insulin; PPINS:
postprandial plasma insulin; HOMA: homeostasis model assessment of insulin resistance; TC: total cholesterol; TG: triglycerides; HDL: high-density li-
poprotein cholesterol; LDL: low-density lipoprotein cholesterol.
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[15, 25, 31, 33], 262 participants, MD: − 0.03, 95% CI: − 0.23
to 0.16, I2 � 52%; 2 RCTs [15, 25], 116 participants, MD:
− 0.13, 95% CI: − 0.51 to 0.25, I2 � 0; 4 RCT [15, 25, 31, 33],
262 participants; MD: − 0.95, 95% CI: − 2.09 to 0.20, I2 �12%;
4 RCT [15, 25, 31, 33], 262 participants; MD: − 0.22, 95% CI:
− 0.47 to 0.02, I2 � 0%, respectively) (Table 2).

For the lipid profiles, four studies addressed various
aspects of lipid metabolism for berberine versus metformin
[15, 25, 31, 33]. Berberine had slightly lower total cho-
lesterol (3 RCTs, 201 participants, MD: − 0.44, 95% CI:
− 0.60 to − 0.29, I2 � 43%) [15, 25, 33] and LDL levels (4
RCTs, 262 participants, MD: − 0.34, 95% CI: − 0.48 to − 0.21,
I2 � 0) [15, 25, 31, 33] and slightly higher HDL levels (4
RCTs, 262 participants, MD: 0.05, 95% CI: 0.03 to 0.08,
I2 � 45%) [15, 25, 31, 33] compared with metformin
(Figures 5(a)–5(c)).

3.4.5. Obesity. Four studies [15, 25, 31, 33] addressed obesity
indexes, including BMI, WC (except for Ma 2011 [31]), and
WHR. Berberine was associated with slightly decreased BMI,
but not significantly, compared with metformin (4 RCTs,
262 participants, MD: − 0.03, 95% CI: − 0.46 to 0.39, I2 � 31%)
[15, 25, 31, 33] (Table 2). WC (3 RCTs, 197 participants, MD:
− 2.74, 95% CI: − 4.55 to − 0.93, I2 � 33%) [15, 25, 33] and
WHR (4 RCTs, 258 participants, MD: − 0.04, 95% CI: − 0.05
to − 0.03, I2 � 25%) [15, 25, 31, 33] were slightly but sig-
nificantly lower in the berberine group (Figures 6(a) and
6(b)).

3.4.6. Adverse Events. Two studies addressed adverse events
[25, 33]. Berberine was associated with a similar incidence of
gastrointestinal adverse events compared with metformin

Study or subgroup

An et al. [33]
Li et al. [25]

Total (95% CI)

Total events
Heterogeneity: tau2 = 0.00, chi2 = 0.87, df = 1 (P = 0.35); I2 = 0%
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Figure 3: Meta-analyses of the effect of berberine on pregnancy compared with metformin.
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Figure 4: Meta-analyses of the effect of berberine on reproductive endocrinology indexes: (a) total testosterone and (b) sex-hormone
binding globulin compared with metformin.
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prior to IVF/ICS intervention (RR: 0.62, 95% CI: 0.32 to
1.22) [33] (Figure 7) and compared with metformin alone
(RR: 0.25, 95% CI: 0.06 to 1.08) [25] (Figure 7).

3.5. Berberine vs. Letrozole

3.5.1. Primary Outcome. One study [28] reported live birth
rate in berberine vs. letrozole treatments.-e study showed that
berberine was associated with a lower live birth rate (RR: 0.61,
95% CI: 0.44 to 0.82) [28] compared with letrozole (Table 2).

3.5.2. Other Clinical Outcomes. -erewas only one study that
reported other reproductive outcomes in berberine vs. letrozole
treatments [28]. Berberine had significantly lower pregnancy,
conception, ovulation per subject, and ovulation per cycle (RR:

0.57, 95% CI: 0.43 to 0.77; RR: 0.63, 95% CI: 0.48 to 0.81; RR:
0.79, 95% CI: 0.71 to 0.87; and RR: 0.61, 95% CI: 0.55 to 0.68,
respectively) [28] compared with letrozole (Table 2).

3.5.3. Adverse Events. One study reported adverse events in
the berberine vs. letrozole treatments [28]. Gastrointestinal
adverse events were slightly higher for women with ber-
berine (RR: 1.32, 95% CI: 1.00 to 1.73) [28] when compared
to those with letrozole (Table 2). Serious events during
pregnancy were slightly lower but not significant for women
with berberine (RR: 0.87, 95% CI: 0.61 to 1.24) [28] (Table 2).

4. Discussion

-is study was a comprehensive systematic review to
evaluate the effect of berberine in women with PCOS. In this
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Figure 5: Meta-analyses of the effect of berberine on metabolic characteristics: (a) total cholesterol; (b) HDL-C; and (c) LDL-C compared
with metformin.
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study, we not only evaluated the lipid-lowering and glucose-
lowering properties of berberine in PCOS patients, as seen in
studies on cardiovascular disease, but also evaluated the
efficacy of berberine in reproductive hormone production
and reproductive outcomes.

Our analysis of berberine for improving fertility in PCOS
patients showed similar effectiveness as letrozole with no
significant increase in the live birth rate or ovulation rate.
However, the use of berberine alone achieved a 36% ovulation
rate per cycle, similar to metformin, and a 22% cumulative
live birth rate, similar to clomiphene, after 6 months of use
[36]. -e biochemical and clinical pregnancy rates and live
birth rate were significantly higher in the berberine groups
compared with placebo prior to IVF/ICS treatment. -e total
FSH dosages used for ovarian stimulation were significantly
lower in the berberine group than in the metformin and
placebo groups. Moreover, both berberine and metformin

reduced the incidence of severe ovarian hyperstimulation
syndrome [24]. -e funnel plot for reproductive outcomes
indicated that there were no small-study effects or publication
bias (Figure 8). Taken together, these results suggest that
berberine improves fertility in women with PCOS.

-ere is now an extensive body of evidence demonstrating
that insulin can increase circulating androgen levels in women
with PCOS [37, 38] and that theca cells from women with
PCOS are more responsive to the androgen-stimulating ac-
tions of insulin than those from control women [39]. Under
physiological circumstances, insulin most likely acts as a co-
gonadotropin to increase LH-induced androgen synthesis in
theca cells [40–42]. In theca cells, insulin works synergistically
with LH to activate the 17-hydroxylase activity of P450c17, a
key enzyme in the regulation of androgen biosynthesis
encoded by the CYP17 gene, via PI3-K signaling, and in-
hibition of MAPK-ERK1/2 signaling has no effect on 17-
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Figure 6: Meta-analyses of the effect of berberine on adiposis: (a) waist circumference and (b) waist-to-hip ratio compared with metformin.
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Figure 7: Meta-analyses of the effect of berberine on gastrointestinal adverse events compared with metformin.
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hydroxylase activity [40]. In addition, increased insulin levels
in synergy with LH in granulosa cells from anovulatory
polycystic ovaries might trigger premature LH receptor ex-
pression in a subpopulation of small follicles leading to
premature granulosa terminal differentiation and the arrest of
follicular growth that might contribute to anovulation in this
subgroup [43, 44].

Ovarian granulosa cells from porcine follicles were
isolated and cultured in vitro to establish an insulin re-
sistance model induced by dexamethasone, and these cells
had significantly lower [3H]-glucose uptake and signifi-
cantly higher testosterone levels. After berberine treatment,
the mRNA and protein analyses of these cells showed ele-
vated expression of IGF-1R, IRS-1, PI-3K, Akt2, and GLUT4
but reduced expression of PPAR-c and aromatase, sug-
gesting an improvement in both insulin sensitivity and
steroidogenesis in granulosa cells [45, 46]. -e findings of
this study confirmed that berberine can significantly reduce
total testosterone and FAI and increase SHBG compared
with placebo or no treatment and that there are significant
differences between berberine and metformin in terms of
decreasing total testosterone and increasing SHBG.

Insulin can also enhance GnRH-mediated LH and FSH
release from cultured rat pituitary cells [47]. Furthermore,
female mice with hyperinsulinemia secondary to diet-in-
duced obesity have increased basal and GnRH-stimulated
LH release [48]. In our study, berberine was associated with
lower LH compared with placebo and with lower LH and
LH/FSH compared with no treatment. -ere were signifi-
cant differences between berberine and metformin in terms
of decreasing LH/FSH.

Previous studies have shown that berberine shows good
potential for the prevention and treatment of metabolic
disorders, including cholesterol reduction and antilipogenic

and hypoglycemic effects [49–53]. In our study, berberine
was associated with lower fasting glucose compared with
placebo and with significantly reduced 2-hour glucose
compared to no treatment. -ere were no differences be-
tween berberine and metformin in terms of decreasing
fasting glucose, 2-hour glucose, fasting insulin, 2-hour in-
sulin, or HOMA-IR. -ese results are consistent with the
previous systematic review on evaluating the effect of ber-
berine on PCOS with IR [54]. A growing body of evidence
suggests that berberine improves insulin sensitivity and
stimulates glucose uptake via activation of the AMP-acti-
vated protein kinase pathway [16–19], inhibition of gluco-
neogenesis [55], promotion of glycolysis [56], and increasing
glucose transporter expression [57], and thus, berberine
promotes glucose transport and enhances glucose
metabolism.

D-chiro-inositol (a polyalcohol classified as a secondary
messenger in insulin signaling) is commonly applied as
insulin sensitizers to increase insulin sensitivity of PCOS.
Several studies showed that the combination of d-chiro-
inositol (DCI) and alpha-lipoic acid can improve the insulin
resistance and menstrual cycle of PCOS patients [58, 59],
while there was no statistically difference in total cholesterol
and triglycerides levels when compared with the control
group [59]. Our research showed that there were significant
differences in terms of decreasing total cholesterol, tri-
glycerides, and LDL-C and increasing HDL-C, between
berberine and placebo, no treatment, and metformin. Ber-
berine can increase the oxidation of free fatty acids [60],
upregulate the expression of LDL receptor in hepatocytes
[52, 61] through activation of extracellular regulated protein
kinases, and inhibit the synthesis of glycerol three lipid and
cholesterol in the liver [62] through activation of AMP
kinase, which improves hepatocyte insulin resistance and
lipid metabolism.

Our research showed that berberine had similar BMI and
WC, but lower WHR, compared with placebo and with no
treatment. -ere were no differences between berberine and
metformin in terms of decreasing BMI, but significant
differences in terms of decreasing WC and WHR. -ese
results provide supporting evidence for berberine-induced
adipose tissue redistribution and amelioration of central fat
distribution, which might consequently affect insulin sen-
sitivity independent of changes in body weight.

We also found that berberine had a similar incidence of
gastrointestinal adverse events and serious adverse events
during pregnancy compared to placebo, metformin, and
letrozole, which was due to the limited number of included
RCTs included in this analysis. -e major side effects of
berberine can result from overdose, including diarrhea,
constipation, flatulence, and abdominal pain in rare cases
[52]. A detailed study of berberine showed no elevation in
biochemical parameters, including transaminases (AST and
ALT), g-GT, and CPK, thus demonstrating the safety of
berberine [63], and the pharmacokinetics of berberine in rats
suggests that blood clearance of berberine is very quick and
that its biotransformation in the liver is rapid [64].

-ere was a systematic review and meta-analysis on
evaluating the effect of berberine on PCOS with IR
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Figure 8: Funnel plot for published studies of cslinical re-
production outcomes.
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published previously [54]. A total of 9 RCTs were included
in this systematic review. -ere were 8 RCTs overlapped
with our study. -e former review focused on evaluating
the synergistic effects of berberine combined with met-
formin or contraceptives. Our study found that berberine
and metformin have similar effect on reducing IR, and
berberine is superior to metformin in reducing total tes-
tosterone level and improving blood lipid and body fat
distribution.

Nevertheless, this study had several important limita-
tions that are common to this type of study. First, all in-
cluded trials were conducted among Chinese women with
PCOS in mainland China. Due to a high risk of selection
bias, we are not sure whether we would expect to find similar
results in other ethnicities or races. Second, most of the
studies were of low methodological quality, although most
addressed the method of randomization sequence genera-
tion. Four studies performed adequate allocation conceal-
ment, but only two used blinding. Additionally, one study
was likely to have attrition bias and one to have selective bias.
-erefore, potential bias in selection of participants and
treatment and assessment of outcomes might result in
overrating the efficacy of berberine. -ird, the heterogeneity
between the included trials was significant. However, be-
cause of the lack of original research data on individual
participants, we could not perform subgroup analyses or
regression analyses. -us the results are limited and it is
difficult to draw solid conclusions about the efficacy of
berberine in treating PCOS.

5. Conclusion

Our review of available RCTs suggests that berberine might
be useful in restoring normal endocrinological and fertility.
In women with PCOS, and compared with metformin,
berberine can significantly reduce total testosterone, plasma
lipid, WC, and WHR and increase SHBG. Berberine has a
low documentation of adverse effects in humans, and thus,
berberine appears to be a useful and safe drug for improving
spontaneous ovulation and enhancing fertility.
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