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Summary

Objective Previous studies have indicated that berberine is an

effective insulin sensitizer with comparable activity to metformin

(Diabetes 2006, 55, 2256). Reduced insulin sensitivity is report-

edly a factor adversely affecting the outcome of IVF in patients

with polycystic ovary syndrome (PCOS) (Human Reproduction

2006, 21, 1416). Our objective was to evaluate the clinical, meta-

bolic and endocrine effects of berberine vs metformin in PCOS

women scheduled for IVF treatment and to explore the potential

benefits to the IVF process.

Design We performed a prospective study in 150 infertile

women with PCOS undergoing IVF treatment. Patients were

randomized to receive berberine, metformin or placebo tablets

for 3 months before ovarian stimulation.

Measurements The clinical, endocrine, metabolic parameters

and the outcome of IVF.

Results Compared with placebo, greater reductions in total tes-

tosterone, free androgen index, fasting glucose, fasting insulin and

HOMA-IR, and increases in SHBG, were observed in the berber-

ine and metformin groups. Three months of treatment with ber-

berine or metformin before the IVF cycle increased the pregnancy

rate and reduced the incidence of severe ovarian hyperstimulation

syndrome. Furthermore, treatment with berberine, in comparison

with metformin, was associated with decreases in BMI, lipid

parameters and total FSH requirement, and an increase in live

birth rate with fewer gastrointestinal adverse events.

Conclusions Berberine and metformin treatments prior to IVF

improved the pregnancy outcome by normalizing the clinical,

endocrine and metabolic parameters in PCOS women. Berberine

has a more pronounced therapeutic effect and achieved more

live births with fewer side effects than metformin.

(Received 23 February 2013; returned for revision 30 March 2013;

finally revised 6 July 2013; accepted 12 July 2013)

Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrin-

opathy, affecting up to 10% of reproductive-aged women.3

Anovulation, infertility and hyperandrogenism often coexist with

hyperinsulinaemia and insulin resistance.4 Hyperinsulinaemia

may lead to hyperandrogenism by indirectly increasing LH-

dependent ovarian androgen biosynthesis.5 It also inhibits sex

hormone–binding globulin (SHBG) synthesis in liver, enhancing

bioavailability of free androgens in target tissues.6 Obesity has

an additive negative impact on hyperandrogenism and anovula-

tion, and substantially increases insulin resistance (IR).7 Hyper-

insulinaemia consequent to obesity and IR places women with

PCOS at far greater risk to develop type 2 diabetes than healthy

controls.8

Therefore, the current first-line therapy is weight loss through

lifestyle modification in the obese group of women and then

ovulation induction treatment with clomiphene. IVF treatment

is an effective therapy for women with PCOS who are refractory

to standard ovulation induction therapies or who have coexis-

ting infertility factors.9 PCOS women with insulin resistance

undergoing IVF have a longer duration of treatment, use a

higher total FSH dose, have an elevated cancellation rate, an

increased risk of ovarian hyperstimulation syndrome (OHSS)

and a lower conception rate.9 There is physiological rationale for

believing that suppression of insulin levels with insulin-sensitiz-

ing agents such as metformin, in women with PCOS undergoing

IVF, might ameliorate the adverse effects on ovarian stimulation

and consequently improve treatment outcomes such as ovulation

and pregnancy rates.2,10–12

Berberine (molecular formula, C20H18NO4) is a type of iso-

quinoline derivative alkaloid extracted from Chinese medicinal

herbs, such as Coptidis Rhizoma (Huanglian), Cortex Phelloden-

dri (Huangbai) and Hydrastis Canadensis (goldenseal). Berberine

is commonly used as a nonprescription oral drug in China to

treat gut infections and diarrhoea with few side effects, and its

therapeutic potential for the treatment for diabetes and dyslip-

idaemia in humans has been reported.1,13 A large body of evi-

dence has demonstrated that berberine is an effective insulin

sensitizer and has comparable activity to metformin in reducing

insulin resistance.1 Recently, a clinical study revealed that ber-

berine, in comparison with metformin, improved some of the
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metabolic and hormonal derangements in a group of treated

Chinese women with PCOS.14

The aim of this prospective, randomized, double-blind study

was to compare the clinical, metabolic and endocrine effects of

berberine vs metformin in PCOS women scheduled for IVF/

ICSI treatment and to explode the potential benefits to the IVF

process.

Materials and methods

Subjects

A total of 150 consecutive, infertile women with PCOS referred

for treatment at the IVF-unit of the First Affiliated Hospital of

Harbin Medical University between January 2010 and December

2011 were recruited. All subjects fulfilled PCOS criteria as

defined by the Rotterdam consensus, that is, the presence of at

least two of the following three criteria: (1) oligo- or anovula-

tion, (2) clinical and/or chemical signs of hyperandrogenism

and/or (3) polycystic ovaries; and exclusion of other aetiologies

such as congenital adrenal hyperplasia, Cushing’s syndrome or

androgen-secreting tumours.15 Patients with liver or kidney dis-

ease, hyperprolactinaemia, diabetes mellitus, alcoholism or drug

abuse were also excluded. During the last 3 months before the

study, none of the study subjects used any form of oral contra-

ceptives, other steroid hormones or any other treatments

(including Chinese herbal medicine) likely to affect ovarian

function, insulin sensitivity or lipid profile.

The included patients had been trying, unsuccessfully, to con-

ceive for at least 2 years, and were scheduled to undergo a first

or second cycle of IVF or ICSI. Of these patients, 57 (38%) had

tubal disease and nine (6%) had endometriosis in addition to

PCOS. Thirty-eight (25%) of the couples had an additional male

factor.

The study was conducted according to the Helsinki Declara-

tion on human experimentation. Informed consent was obtained

from all participants. The study protocol was approved by the

ethics committee of Harbin Medical University. The registration

number of the trial is HMU-2009037.

Protocol

At inclusion, all participants received both written and individ-

ual oral diet and lifestyle counselling. All the women, and espe-

cially obese women, were encouraged to increase their physical

activity. The dietary advice resembles the advice given to type 2

diabetic patients. The subjects were randomly assigned to the

BBR (berberine), MET (metformin) or placebo groups for

≥ 12 weeks prior to controlled ovarian stimulation (COS). Ran-

domization was based on a computer-generated code in blocks

of six. The randomization process was carried out by the clinical

trial office in the pharmacy department and blinded to patients

and investigators.

Berberine (BBR hydrochloride, Northeast General Pharmaceu-

tical Factory, Harbin, China) or metformin (Bristol-Myers

Squibb Company, Shanghai, China) was administered at a

dosage of 3 9 500 mg daily. Placebo (provided by the Hospital’s

pharmaceutical preparation section) was orally administered as

one tablet three times daily. Placebo tablets were identical in

appearance (size and colour) to the berberine and metformin.

To limit the incidence of gastrointestinal side effects, doses were

taken with meals, gradually increased during the first 2 weeks of

treatment, and dose reductions were permitted if troublesome

gastrointestinal side effects occurred.

The IVF/ICSI treatment cycle was started with spontaneous or

progesterone-induced withdrawal bleeding. At cycle day 20, pitu-

itary down-regulation with a GnRH analogue (Triptorelin Ace-

tate, 0�1 mg administered once daily subcutaneously; Beaufour

Ipsen, France) was initiated. Following at least 14 days of down-

regulation, stimulation with r-hFSH (GONAL-f@, Merck Serono,

Switzerland) was performed. The starting dose of FSH was

150 IU daily and was further adjusted according to serum estriol

(E2) levels and the measurements of follicular diameter obtained

every 2 or 3 days by vaginal ultrasound. ‘Coasting’ was permit-

ted if considered necessary to prevent OHSS. A single dose of

human chorionic gonadotrophin (hCG, 5000 or 10 000 IU, Li

Zhu Corp, Zhu Hai, China) was injected to induce final follicu-

lar maturation when there were more than three follicles over

17 mm in diameter. Oocytes were retrieved 34 to 36 h after

hCG administration and were fertilized in vitro by IVF or ICSI

4 h later. A maximum of two, Day-2 or Day-3, embryos were

transferred. The luteal phase was supported with progesterone

intramuscularly for 2 weeks (Progesterone Injection, 60 mg qds,

Xian Ju Corp, Zhe Jiang, China).

Measurements

Patients’ weight, height, waist and hip circumferences were mea-

sured by the same physician. The body mass index [BMI, weight

(kg)/height (m2)] and waist to hip ratio (WHR) were calculated.

Blood samples were drawn from the patients in the fasting

state from an antecubital vein between 8:00 and 10:00 a.m. dur-

ing the early follicular phase (days 2–5). Basal serum concentra-

tions of LH, FSH, PRL, fasting insulin, total testosterone (TT)

and steroid hormone–binding globulin (SHBG) were measured

using the electro-chemiluminescent immunoassay method by

auto-analyser (Abbott I2000). The free androgen index [FAI, tes-

tosterone (nmol/l)/SHBG (nmol/l) 9 100] was calculated. Other

parameters, including fasting plasma glucose, total cholesterol,

triglycerides, high-density lipoprotein cholesterol (HDL-C) and

low-density lipoprotein cholesterol (LDL-C), were determined

using the electro-chemiluminescent immunoassay method by

auto-analyser (Abbott V51). The degree of IR was estimated by

calculated HOMA-IR [fasting insulin (mIU/ml) 9 fasting glu-

cose (mmol/l)/22�5]. After 3 months of treatment, each subject

underwent the same procedures as described previously.

Data concerning IVF/ICSI treatment were collected from the

files. Ovarian stimulation characteristics, number of oocytes

retrieved and number of embryos transferred per cycle were

recorded. Clinical pregnancy was defined as the visualization of

a gestational sac and foetal cardiac activity on transvaginal ultra-

sound.

© 2013 John Wiley & Sons Ltd

Clinical Endocrinology (2014), 80, 425–431

426 Y. An et al.



Spontaneous abortion was defined as the presence of an intra-

uterine gestational sac but no subsequent live birth. Live birth

was defined as the birth of a neonate at or beyond 28 weeks of

gestation.

Statistical analysis

A repeated measures ANOVA was used to estimate the statistical

difference between treatment groups, including pre- and post-

treatment and within one group between pre- and post-

treatment. Logarithmic transformation of HOMA-IR was applied

before ANOVA to ensure homogeneity of variances. Frequencies

were compared between groups using the chi-square test. For

multiple post hoc comparisons, we used Bonferroni’s correction.

All statistical analyses were performed using SPSS 13.0 (SPSS Inc.,

Chicago, IL, USA). A P-value of < 0�05 was considered statisti-

cally significant.

Results

Study group

A total of 128 of 150 subjects (85%) completed the first

3 months of the study. Fourteen patients were excluded after the

12-week evaluation because of incomplete data or voluntary

drop out. Two subjects from the BBR group, one from the MET

group and two from the placebo group were lost to follow-up.

One subject in the berberine group and two subjects in the

metformin group withdrew from the study because of transient

gastrointestinal side effects including diarrhoea. All the other

individuals tolerated the treatment well without serious com-

plaints or side effects. The final number of subjects in the three

groups was similar (BBR 44, MET 41 and placebo 43).

After 12 weeks of pretreatment, two women in the BBR

group, three in the MET group and one in the placebo group

became pregnant spontaneously. Thus, 122 women started

gonadotrophin stimulation. Three women were excluded before

oocyte retrieval due to poor ovarian response. Ten subjects

dropped out before embryo transfer (ET), eight due to OHSS

and two due to lack of good quality embryos. The remaining

109 patients had ET, 37 in the BBR group, 38 in the MET group

and 34 in the placebo group (Fig. 1).

Comparison of berberine, metformin and placebo

subgroups

Clinical, endocrine and metabolic parameters before and after

the 3-month trial are summarized in Table 1. At baseline, there

were no significant differences in any parameter among the

groups. Following treatment, BMI, waist circumference and

waist/hip ratio decreased significantly in all three groups. A sig-

nificantly greater reduction in BMI was observed in the BBR

group than in the MET and placebo groups. Compared with

placebo, greater reductions in waist circumference and waist/hip

ratio were observed in the BBR and the MET groups.

The BBR and the MET group experienced statistically signifi-

cant decreases in total testosterone and free androgen index

(FAI), and increases in SHBG, after 3 months of treatment,

these effects being comparable between the two groups. LH,

FSH and PRL were not affected by any of the treatments.

Compared with placebo, berberine and metformin exhibited

equivalent effects on glucose metabolism, including fasting glu-

cose, fasting insulin and HOMA-IR, with no significant differ-

ences being observed between the BBR and MET groups. In the

regulation of lipid metabolism, berberine was more active than

metformin: the BBR group demonstrated a significant decrease

in total cholesterol and LDL cholesterol. HDL cholesterol and

triglyceride levels were not significantly altered by any of the

treatments.

Results of IVF and ICSI treatment

The total FSH dosages used for ovarian stimulation were signifi-

cantly lower in the BBR group than in the MET and placebo

groups (P = 0�001). However, the serum E2 level on HCG day

was significantly lower in the BBR and MET groups than in the

placebo group. No differences were found in the number of days

of ovarian stimulation and the thickness of uterine endometrium

on HCG day among the three treatment groups. Regarding IVF

laboratory parameters, the mean number of oocytes collected,

diploid fertilization rate, embryo utilization rate and the mean

number of embryos transferred showed no differences among

three groups (Table 2).

Compared with the subjects who received placebo, the bio-

chemical and clinical pregnancy rates were significantly higher in

the BBR and MET groups. The live birth rate was higher for

subjects taking berberine (P = 0�047) (Table 2). Moreover, both

berberine and metformin reduced the incidence of severe OHSS

in which the women required hospitalization for supportive

care, with no significant difference being noted between the BBR

and MET groups.

Safety results

Women in the MET group experienced more gastrointestinal

adverse events than those receiving berberine or placebo. The

commonly reported study drug-related side effects were nausea

(MET group, 12 patients; BBR group, 9 patients; placebo group,

four patients; Table 3). The adverse effects were observed only

in the first 4 weeks in most patients. None of the patients expe-

rienced severe gastrointestinal adverse events.

Discussion

The present prospective, placebo-controlled, double-blind study

has demonstrated that a course of 12 weeks of berberine treat-

ment prior to IVF/ICSI cycle improves the metabolic profile and

the pregnancy outcome of patients with PCOS. Our study was

designed to test the hypothesis that normalizing the endocrine

changes in PCOS women during the 85 days required for
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primordial follicles to develop to preovulatory size would facilitate

the IVF process.

Berberine, as the main constituent of traditional Chinese med-

icine, displays good potential in the prevention and treatment

for metabolic disorders, including weight control, cholesterol

reduction and antilipogenic and hypoglycaemic effects.16 Follow-

ing 12 weeks of treatment, all anthropometric parameters, BMI,

waist circumference and waist/hip ratio decreased in all groups,

which might be attributed to lifestyle modifications. However,

only patients in the berberine-treated group had a statistically

significant decrease in BMI, which was consistent with previous

results demonstrating berberine’s anti-obesity activity.1 Several

trials have reported that berberine can not only reduce body

weight and the ratio of white adipose tissue to body weight but

also increase energy expenditure and the consumption of lipid

metabolites as the primary energy source in obese animals.1,17 It

is possible that this weight reduction may have contributed to

the observed increased clinical pregnancy rate and live birth rate

in the BBR group. Furthermore, berberine has a similar effect to

metformin to induce fatty tissue redistribution with significantly

decreased waist circumference and waist/hip ratio which may

consequently affect insulin sensitivity independently from body

weight.

Berberine has been reported to exert hypoglycaemic effects in

both animal models and humans. The mechanism of berberine

on glucose metabolism is still under investigation. In hepato-

cytes, adipocytes and myotubes, berberine increased glucose con-

sumption and/or glucose uptake in the absence of insulin.13

Berberine increases glucose uptake through a mechanism distinct

from insulin, and activated adenosine monophosphate-activated

protein kinase (AMPK) seems to be involved in this effect ber-

berine.18,19 Berberine also upregulates expression of the insulin

receptor at the transcriptional level by stimulating insulin recep-

tor promoter; protein kinase C activation is essential for its

activity.14,20 Our study confirmed that berberine and metformin

exerted comparable effects on reducing fasting glucose, fasting

insulin and HOMA-IR in patients with PCOS, and the outcomes

were consistent with previous reports.14

Insulin resistance and hyperinsulinaemia are recognized as

common reasons for the development of hyperandrogenism and

anovulation. Therefore, insulin-sensitizing drugs may be useful

in the restoration of normal endocrinological and clinical

Fig. 1 Participant flow.
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parameters in PCOS by lowering insulin secretion.10,11 In accor-

dance with other studies,14,21 the present study found significant

reductions in total testosterone levels and free androgen index

following treatment, which may be due to decreasing insulin

and increasing SHBG levels. Berberine and metformin had simi-

lar effects on the androgen profiles of women with PCOS.

The advantages in using metformin in infertile PCOS patients

undergoing gonadotrophin ovarian stimulation for IVF cycles

are controversial.2,10–12We demonstrate that berberine, as well as

metformin, reduces the estradiol levels on the day of HCG

administration. One possible explanation is that the effects of

berberine or metformin on the reduction in androgen and insu-

lin levels could contribute to the decreased estradiol concentra-

tions. There is also evidence to suggest that metformin has

direct effects on human ovarian steroidogensis.22 In addition,

metformin was also found to reduce aromatase activity

directly.10 These findings may also explain the rapid biochemical

improvements in serum testosterone and estradiol concentra-

Table 1. Baseline and 3-month post-treatment characteristics of all subjects

BBR (n = 44) MET (n = 41) PL (n = 43)

Baseline Post Baseline Post Baseline Post

Age (years) 28�2 � 3�8 28�7 � 4�2 28�4 � 4�0
BMI (kg/m2) 24�6 � 3�1 22�8 � 2�1* 24�0 � 3�0 22�7 � 2�5† 24�2 � 3�2 23�3 � 2�7‡
Waist (cm) 80�0 � 8�1 75�4 � 5�3* 81�3 � 9�2 76�9 � 6�5† 80�5 � 6�2 78�8 � 5�3
Waist-hip ratio 0�88 � 0�01 0�82 � 0�03* 0�90 � 0�01 0�85 � 0�04† 0�87 � 0�03 0�86 � 0�05
LH (IU/l) 9�2 � 4�5 5�0 � 1�5 10�5 � 5�7 4�8 � 1�9 9�8 � 4�7 5�5 � 2�1
FSH (IU/l) 5�2 � 1�5 5�4 � 1�4 5�5 � 1�2 5�3 � 1�3 5�0 � 1�4 5�2 � 1�6
Prolactin (ng/ml) 15�3 � 5�5 14�7 � 5�7 14�5 � 5�2 13�9 � 6�1 15�5 � 6�4 14�1 � 5�9
TT(nmol/l) 1�7 � 0�4 1�2 � 0�2* 1�8 � 0�2 1�3 � 0�4† 1�8 � 0�4 1�6 � 0�4
SHBG (nmol/l) 33�7 � 20�2 58�3 � 43�0* 34�2 � 21�5 59�5 � 32�1† 32�5 � 22�8 44�4 � 30�9
FAI (%) 6�7 � 1�5 3�2 � 1�3* 7�0 � 1�2 3�2 � 1�0† 6�9 � 1�2 4�6 � 1�4
Fasting glucose (mmol/l) 5�0 � 0�7 4�3 � 0�6* 5�1 � 0�7 4�4 � 0�5† 4�9 � 0�6 4�6 � 0�7
Fasting insulin (mIU/ml) 20�5 � 5�7 10�2 � 3�6* 19�9 � 6�8 12�0 � 4�9† 21�0 � 6�7 17�1 � 4�4
HOMA-IR 4�9 � 1�9 2�6 � 0�6* 4�7 � 2�1 2�8 � 1�0† 4�8 � 2�6 3�9 � 0�9
Total cholesterol (mmol/l) 5�7 � 0�5 4�4 � 0�6* 5�8 � 0�4 5�0 � 0�5† 5�7 � 0�5 5�1 � 0�4‡
Triglyceride (mmol/l) 2�3 � 0�3 2�0 � 0�2 2�2 � 0�2 1�9 � 0�2 2�3 � 0�2 2�1 � 0�2
HDL-C (mmol/l) 1�12 � 0�10 1�25 � 0�09 1�13 � 0�12 1�18 � 0�11 1�12 � 0�12 1�14 � 0�10
LDL-C (mmol/l) 4�3 � 0�6 3�5 � 0�6* 4�2 � 0�5 4�0 � 0�6† 4�3 � 0�5 4�1 � 0�5‡

Data are presented as Mean � SD; SD, standard deviation; BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TT,

total testosterone; SHBG, sex-hormone-binding globulin; FAI, free androgen index; HOMA-IR, homeostasis model assessment for insulin resistance;

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. *P < 0�05, BBR vs placebo; †P < 0�05, MET vs placebo;

‡P < 0�05, BBR vs MET.

Table 2. The clinical outcomes in the three treatment groups

BBR

(n = 37)

MET

(n = 38)

PL

(n = 34)

FSH stimulation (days) 11�8 � 2�4 11�5 � 3�8 11�7 � 2�6
Total FSH dose (IU) 2362�5 � 801�5* 2512�5 � 822�0** 2765�5 � 838�5***
Estradiol on HCG day (nmol/L) 12�0 � 5�6* 12�6 � 5�5** 13�5 � 5�1
Endometrial thickness on HCG day(mm) 11�8 � 2�4 12�2 � 3�2 11�9 � 2�2
No. of oocytes collected 11�7 � 6�9 11�9 � 7�0 10�6 � 7�2
Diploid fertilization rate (%) 58�9 � 27�8 57�5 � 25�9 56�8 � 26�3
Embryo utilization rate (%) 69�4 � 23�5 70�1 � 24�0 68�6 � 24�3
Number of embryo transferred 1�8 � 0�4 1�9 � 0�3 1�8 � 0�3
Biochemical pregnancies (%) 20 (54�1)* 20 (52�6)** 14 (41�2)
Clinical pregnancies (%) 19 (59�5)* 17 (47�4)** 10 (29�4)
Live birth (%) 18 (48�6)* 14 (36�8)** 7 (20�6)***
Severe OHSS (%) 2 (5�4)* 2 (5�3)** 6 (17�6)

*P < 0�05, BBR vs placebo.

**P < 0�05, MET vs placebo.

***P < 0�05, BBR vs MET.
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tions observed in our study after a short course of berberine or

metformin.

The finding of increased pregnancy rates through IVF with met-

formin confirms previous studies,2,13 even among normal weight

PCOS women. We observed live birth rates of 48�6% following

IVF treatment in berberine-treated women vs 36�8% in the MET

group, which was statistically significant (Table 2). It remains to

be established in larger studies whether this is related to the insu-

lin-sensitizing effect of berberine or to some other effect.

Safety is a key consideration for women undergoing IVF.

Hyperinsulinaemia is a risk factor for OHSS, as women with

PCOS who are hyperinsulinaemic have a higher level of E2 and

a greater incidence of ovarian hyperstimulation during ovarian

stimulation with FSH, compared with those with normoinsuli-

naemia.10 In our study, both metformin and berberine effectively

reduced the peak serum oestradiol level after FSH stimulation

and the incidence of severe OHSS (Table 2). No other unex-

pected side effects were reported in this study. In line with pre-

vious knowledge,23 some patients suffer gastrointestinal side

effects when treated with metformin. Similar side effects were

noted in this study with berberine. Previous studies in rats have

shown that berberine is rapidly cleared from the circulation and

biotransformed in the liver24; however, it remains to be estab-

lished if this results in a reduction in gastrointestinal side effects

compared with metformin.

The time needed for berberine or metformin to exert their

metabolic actions in PCOS patients undergoing gonadotrophin

ovarian stimulation is not well defined. In the present study,

berberine or metformin treatment ended on the day of down-

regulation. Our study was designed to validate the effect of ber-

berine or metformin pretreatment, based on the hypothesis that

normalizing the endocrine changes in PCOS women during the

85 days for primordial follicles to achieve preovulatory status

would facilitate the IVF process. Thus, we chose 12 weeks of

pretreatment. Possibly, continued berberine or metformin treat-

ment through the ovary stimulation phase and into pregnancy

could have affected the results. It is hoped that appropriately

designed studies to answer this question will be performed in

the future.

In conclusion, the present study found that both berberine

and metformin are similarly effective for the treatment for

hyperandrogenism and hyperinsulinaemia, and both treatments

achieved a significant improvement in pregnancy rates with a

concomitant fall in the risk of OHSS in women with PCOS

undergoing IVF. Berberine also appeared to have a greater anti-

obesity effect, a higher live birth rate and fewer gastrointestinal

adverse events. However, the efficacy and safety of berberine in

women with PCOS needs to be tested in a much larger popula-

tion and in longer-term clinical trials. Whether berberine can be

continued during pregnancy, like metformin, with additional

beneficial effects, also remains to be established.
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