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Introduction
Polycystic ovary syndrome (PCOS) is a heteroge-
neous endocrine condition that affects women of 
reproductive age, with a prevalence of up to 20%.1 

PCOS is characterised by biochemical and clinical 
features of excess androgen, menstrual irregulari-
ties and polycystic ovarian morphology.2 In 
PCOS, high insulin contributes to excess ovarian 
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Abstract
Context: Polycystic ovary syndrome (PCOS) is one of the commonest endocrine disorders 
affecting women of reproductive age, and metformin is a widely used medication in managing 
this condition.
Aim: To review the available literature comprehensively on the therapeutic impact of 
metformin on the clinical and metabolic parameters of women with PCOS.
Data source: We searched PubMed, MEDLINE, Scopus, Embase, Cochrane Library and the 
Web of Science and selected sources for grey literature from their inception to April 2020. An 
updated search in PubMed was performed in June 2022.
Data synthesis: Two reviewers selected eligible studies and extracted data, and the review 
is reported following the 2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).
Results: In 24 eligible randomised controlled trials (RCTs) involving 564 participants who 
received metformin therapy, metformin was associated with significant reduction in body 
weight by 3.13 kg (95% CI: −5.33, −0.93), body mass index (BMI) by 0.82 kg/m² (95% CI: −1.22, 
−0.41), fasting blood glucose [standardised mean difference (SMD): −0.23; 95% CI: −0.40, 
−0.06], low-density lipoprotein cholesterol (LDL-C) (SMD: −0.41; 95% CI: −0.85, 0.03), total 
testosterone (SMD: −0.33; 95% CI: −0.49, −0.17), androstenedione (SMD: −0.45; 95% CI: −0.70, 
−0.20), 17-hydroxyprogesterone (17-OHP) (SMD: −0.58; 95% CI: −1.16, 0.00) and increase the 
likelihood of clinical pregnancy rate [odds ratio (OR): 3.00; 95% CI: 1.95, 4.59] compared with 
placebo.
Conclusion: In women with PCOS, metformin use has shown a positive impact in reducing 
body weight, BMI, total testosterone, androstenedione, 17-OHP, LDL-C, fasting blood glucose 
and increasing the likelihood of pregnancy in women with PCOS.
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androgen production,3 and insulin enhances ster-
oid hormone release in the ovaries.4 High andro-
gen levels are the drive for hirsutism and reduced 
fertility levels in women with PCOS.5 Women 
with PCOS have a significantly higher rate of 
impaired glucose tolerance and insulin resistance, 
risk factors for type 2 diabetes mellitus (T2DM).6 
In addition, nearly 70% of women with PCOS will 
develop the metabolic syndrome (MS), character-
ised by the constellation of dyslipidaemia, central 
adiposity, hypertension and impaired glucose tol-
erance, all predisposing factors to coronary heart 
disease and diabetes.7,8 A therapeutic approach 
targeting weight loss and improving insulin resist-
ance is the cornerstone in managing PCOS and 
preventing its related complications,9 however, 
significant weight loss is still challenging in PCOS. 
Lifestyle intervention is the first-line therapy caus-
ing significant though minimal weight reduction.10 
Pharmacological options for managing PCOS 
exist; however, their actual impact in clinical prac-
tice is still relatively unexplored.11 Metformin is a 
member of the biguanide family primarily used to 
manage T2DM.12 Metformin is also widely used 
in managing women with PCOS; it reduces andro-
gen levels by improving insulin sensitivity and 
reducing the cardiometabolic risks associated with 
hyperinsulinemia in PCOS.13,14

Metformin inhibits hepatic glucose production by 
activating the AMP-activated protein kinase 
(AMPK), a major glucose and lipid homeostasis 
cell regulator. The activation of AMPK is associ-
ated with glucose inhibition in the hepatocytes.15 
Metformin is transported to hepatocytes mainly 
via organic transporter 1 (OCT1) and mitochon-
drial respiratory-chain-complex 1 (NADPH), 
resulting in the reduction of adenosine triphos-
phate (ATP) and the increase in adenosine 
monophosphate (AMP)/ATP and adenosine 
diphosphate (ADP)/ATP ratios which subse-
quently activate AMPK.16,17 The reduction of 
ATP and the accumulation of AMP reduce glu-
coneogenesis by reducing key gluconeogenic 
enzymes such as fructose 1,6-bisphosphatase. In 
addition, high AMP inhibits adenylate cyclase, 
thus reducing cyclic AMP (cAMP) and inhibiting 
glycerol conversion to glucose.18 Metformin has 
also been shown to improve lipid metabolism by 
reducing hepatic steatosis.19 It was also reported 
that metformin exerts beneficial effects by reduc-
ing circulating plasma TGs by selectively increas-
ing the VLDL-TGs uptake and FFA oxidation in 
the adipose tissues.20 Metformin-induced lipid 

storage reduction is mediated by both increases in 
FFA oxidation and the inhibition of lipid synthe-
sis via its activation of AMPK.20 However, con-
troversy exists on the beneficial impact of 
metformin during pregnancy and in offspring.21,22 
This review aimed to comprehensively assess and 
appraise the existing evidence and provide in-
depth analyses of the impact of metformin on 
clinical and metabolic parameters in women with 
PCOS.

Methods
This systematic review was prospectively regis-
tered in the PROSPERO international prospective 
register of systematic reviews (CRD42020178783) 
as reported previously.23 In a recently published 
systematic review and meta-analysis we reported 
the effects of the various pharmacological interven-
tions on the anthropometric indices of women 
with PCOS.23 However, the current study only 
evaluated the effect of metformin on the differing 
outcomes in women with PCOS. In addition, this 
study was reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) 2020 statement24 and 
informed by Cochrane Handbook for Systematic 
Reviews of Interventions.25 Ethical permission was 
not required to undertake this study.

Search and identification of the studies
The eligibility criteria for the included studies are 
presented in Table 1. Only randomised clinical tri-
als (RCTs) that included women diagnosed with 
PCOS were eligible to be included in this review. 
Eligible RCTs employed a randomised design to 
measure the effect of metformin compared with 
placebo or no treatment. Accordingly, we accepted 
all methods of randomisation and design, including 
cross-over, double-blinded, single-blinded, open-
label and parallel-group trials. In addition, to be 
deemed eligible, an RCT should have reported 
quantitative data on the effect of metformin, com-
pared with placebo or no treatment, on body 
weight, body mass index (BMI), waist circumfer-
ence (WC), waist-to-hip ratio (WHR), fasting 
blood glucose (FBG), fasting insulin (FI), homeo-
static model assessment of insulin resistance 
(HOMA-IR), homeostatic model assessment of 
B-cell (HOMA-B), low-density lipoprotein (LDL), 
total cholesterol (TC), triglycerides (TGs), high-
density lipoprotein (HDL), C-reactive protein 
(CRP), total testosterone, follicular stimulating 
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hormone (FSH), androstenedione (A4), 17-hyder-
oxyepianderstendione (17-OHP), free testosterone 
(FT), free androgen index (FAI), sex-hormone-
binding globulin (SHBG), dehydroepiandroster-
one sulphate (DHEAS), luteinising hormone (LH), 
estradiol and pregnancy and ovulation rate.

A medical librarian specialising in systematic 
reviews (L.Ö.) developed and performed the lit-
erature search in close collaboration with subject 
experts (M.A and T.S). The biomedical data-
bases PubMed, EMBASE, MEDLINE, Scopus, 
Cochrane Central Library and Web of Science 
are covered in the search performed in April 
2020, with an update in PubMed in June 2022. 
Sources for grey literature [European Union 
Drug Regulating Authorities Clinical Trials 
Database (EudraCT), Open Grey and 
ClinicalTrial.gov] were also included. Initially 
developed in PubMed, the search strategy was 
replicated in each database without publication 
year or language restrictions. A combination of 
Medical Subject Headings (MeSH)/Thesaurus 
terms and searches in the Title and Abstract fields 
(alternatively ‘Topic’ or ‘Title, Abstract & 
Keywords’) were applied to ensure the best pos-
sible search outcome. All records located in the 
literature search were exported to the Covidence 
systematic review software26 for automatic 

deduplication and blinded screening. Cabell’s 
Predatory Report27 was used to verify the quality 
of the open-access publications reported in this 
review.

Study selection
Two reviewers (M.A and N.S) initially screened 
the titles and abstracts of all retrieved studies for 
their potential eligibility using the blinded screen-
ing module in Covidence. Subsequently, the full 
text of those eligible studies was retrieved for fur-
ther independent detailed evaluation (M.A and 
N.S). Finally, any disagreement between the 
reviewers was resolved by either discussion, con-
sensus or mediation of a third reviewer (T.S). 
The detailed study selection process is presented 
in Figure 1- PRISMA flow diagram.24

Data extraction
Using a preprepared data extraction form and a 
list of variables to be extracted, two reviewers 
(M.A. and N.S.) extracted information from all 
RCTs deemed eligible. Data extraction covered 
the basic characteristics of the RCT in addition to 
other data related to the objectives of the present 
review. Data extraction covered the country 
where the RCT was performed, methodological 

Table 1. The inclusion/exclusion criteria for the included studies in this systematic review.

Inclusion criteria

Study design: randomised controlled trials, including (randomised open-label trials, double-blind 
controlled trials, cross-over randomised trials and parallel randomised trials).
Population: adult females aged 18 and over with a diagnosis of PCOS based on a robust diagnostic 
criterion.
Comparator: studies reported metformin compared with placebo or other treatment.
Outcomes: reported outcomes such as BMI, body weight, waist circumference and waist-to-hip ratio, CRP, 
LDL-C, HDL-C, TC, TGs, TT, FT, FAI, A4, 17-OHP, LH, FSH, FBG, FI, HMOA-IR, HOMA-B, SHBG, DHEAS, 
pregnancy rate and ovulation rate.

Exclusion criteria

Study design: case studies, cross-sectional studies and animal studies.
Patient population: paediatric and adolescents, females, postmenopausal women and women without 
PCOS.
Comparators: non-metformin intervention, pharmacological interventions versus dietary interventions, 
pharmacological intervention versus physical activity or surgery

PCOS: polycystic ovary syndrome; BMI: body mass index; CRP: C-reactive protein; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; Tg: triglycerides; T: total testosterone; FT: 
free testosterone; FAI: free androgen index; A4: androstenedione; 17-OHP: 17-hydroxepianderostendione; LH: luteinising 
hormone; FSH: follicular; Stimulating hormone; FBG: fasting blood glucose; FI: fasting insulin; HOMA-IR: homeostatic 
model of insulin resistance; HOMA-B: homeostatic model of B-cell; SHBG: sex hormone-binding globulin; DHEAS: 
dehydroepiandrosterone sulphate.
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aspects of the RCT, baseline characteristics of the 
included study population, PCOS diagnostic cri-
teria, trial’s duration and the reported outcomes. 
All reported outcomes were considered for inclu-
sion, but the primary outcomes of interest were 
anthropometric parameters, indices of insulin 
resistance, lipid profiles and CRP, androgen hor-
mones, and fertility outcomes.

Risk of bias assessment in the included 
studies
The Cochrane collaboration’s tool for assessing 
the risk of bias in randomised trials (RoB) was 
used as recommended by Higgins et  al.28 Six 
domains, including (selection bias, performance 
bias, detection bias, attrition bias, reporting bias 
and other biases) were assessed by two reviewers 
(M.A. and N.S.), and a third reviewer (T.S.) 
arbitrated any conflict that arose between the two 

reviewers. We followed the recommendation 
from the Cochrane handbook,25 and any RoB was 
graded as either ‘high RoB’, ‘low RoB’ or ‘unclear 
RoB’. The overall RoB of the included RCTs is 
presented in Figure 1 in Supplementary Material.

GRADE scoring
We assessed the strength of evidence for each 
outcome using the Grade of Recommendations 
Assessment, Development, and Evaluation 
(GRADE) system.29 GRADEpro GDT software 
was used to summarise the findings for each out-
come, which is presented in Table 1 in 
Supplementary Material. Four points were given 
for each outcome, and then we assessed factors 
reducing the quality of the evidence. For each 
outcome, points were reduced based on the pres-
ence of the following; the overall RoB for each 
RCT, inconsistency (significant heterogeneity), 

Figure 1. PRISMA flow diagram.
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indirectness (significant differences in the popula-
tion, comparisons and outcomes), imprecision 
[size of the cohort, width and significance of the 
confidence intervals (CIs)]. Accordingly, we 
graded the evidence in four categories based on 
the overall GRADE scores for each intervention: 
high-grade evidence (at least 4 points), moderate-
grade evidence (3 points), low-grade evidence 
(2 points) and very low–grade evidence (1 point). 
All grades of evidence are shown in Table 1 in 
Supplementary Materials.

Investigation for heterogeneity
The I2 statistic was used to evaluate the statistical 
heterogeneity for each outcome across the RCTs. 
We described heterogeneity as insignificant het-
erogeneity (I2 = 0-40%), moderate heterogeneity 
(I2 = 30–60%), substantial heterogeneity 
(I2 = 50–90%) and considerable heterogeneity 
(I2 = 75–100%). Heterogeneity with p < 0.1 was 
statistically significant; if this was the case, the 
source of the heterogeneity was investigated by 
observing and removing the largest outlier. Where 
significant heterogeneity was not resolved, sub-
group analysis was performed using the random-
effect model of the analysis.

Statistical analyses
All meta-analyses were conducted using the statis-
tical methods outlined in the Cochrane Handbook 
for Systematic Reviews and Meta-analysis.25 Where 
data from two or more RCTs were available, their 
pooled estimates and 95% confidence intervals 
(95% CIs) were presented. For outcomes reported 
using the same scale, continuous data were pooled 
using (unstandardised) mean difference (MD) 
with inverse variance (IV) and random-effects 
model of analysis based on Cochrane recommenda-
tion.25 Dichotomous data were combined using 
odds ratios (ORs) with 95% CIs to pool the esti-
mated effects. Where the scales were different, if 
possible, the unit of measurement was converted 
to the most common unit. If this was not possible, 
the standardised mean difference (SMD) was used 
to pool the estimated effect of the same outcomes 
measured using different scales. We used data 
reported as changes from-baseline as this removes 
any between-person variability. Postintervention 
values were also included, which eliminates the 
possibility of selective reporting. Where necessary, 
data presented as standard error (SE), CIs, and p 
values were converted into SD using the RevMan 

calculator. For RCTs with more than one inter-
vention arm, the desired outcome was pooled by 
combining data of the same outcome in all arms. 
When an RCT was used a cross-over design, data 
were used only from the cross-over point. All meta-
analyses were performed using the Review 
Manager software (RevMan version 5.4, The 
Cochrane collaboration) and differences with two-
tailed p values of ⩽0.05 were considered statisti-
cally significant.

Subgroup analysis
Subgroup analysis was performed at different lev-
els where data from at least two RCTs were avail-
able on the same outcome. Subgroup analysis was 
performed based on the administered dosage of 
metformin (e.g. 500, 750, 1000, 1500 and 
2000 mg), frequency of administration (once a 
day-QD twice a day-BID or three times a day-
TDS) and duration of the intervention (weeks/
months/years). Moreover, outcome-specific 
weighted effect estimates regardless of the dosage 
of metformin and frequency and duration of 
administration were quantified and reported. 
Data collected immediately after the intervention 
or at follow-up were included in the analysis. The 
funnel plot of the RevMan with standard error 
(SE) was used to assess publication bias where 
more than 10 RCTs were meta-analysed.

Results

Literature search
A total of 6326 unique records were identified in 
electronic databases and grey sources in the litera-
ture search. As a result, 2372 were excluded after 
the title and abstract screening with the pre-set 
inclusion and exclusion criteria. Of the 814 studies 
screened in full text, 24 RCTs involving 564 indi-
viduals met the eligibility criteria and were included 
in the systematic review and meta-analysis Figure 1.

Characteristics of the included RCTs
The 24 RCTs included were published until 
2020, of which 13 RCTs30–42 diagnosed PCOS 
based on the Rotterdam criteria 2003.43 Two 
RCTs44,45 diagnosed PCOS based on the National 
Institute of Health (NIH/NICHD) criteria.46  
No diagnostic criteria were specified for the 
remaining RCTs. The characteristics of the 
included RCTs are presented in Table 2.
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Sensitivity analysis
Small sample-sized RCTs and those with high 
RoB were eliminated from the analysis while 
monitoring their impact on the final results. No 
significant effect was found, and hence, no RCT 
was removed from the meta-analysis.

Assessment of publication bias
The funnel plot did not reveal significant asym-
metry (Supplementary Materials), which indicates 
no publication bias. Egger’s test was not statisti-
cally significant for publication bias (regression 
intercept = 0.456, SE = 0.584, p = 0.745).

Effects of metformin on anthropometric 
parameters

Body weight
Ten RCTs included 739 women with PCOS; of 
them, 379 were assigned in the metformin group 
and 360 in the placebo group. In two RCTs, met-
formin 850 mg had no effect on body weight 
(MD: −2.84 kg; 95% CI: −10.15, 4.46). In four 
RCTs, metformin 1500 mg had significantly 
reduced body weight by 8.74 kg (95% CI: −13.50, 
−3.98). In four RCTs, metformin 2000 mg had 
no effect on body weight compared with placebo 
(MD: −1.62 kg; 95% CI: −4.08, 0.84). Overall, 
regardless of the administered dosage and dura-
tion, metformin significantly reduced body weight 
by 3.13 kg (95% CI: −5.33, −0.93, 739 partici-
pants, p < 0.005) [Figure 2(a)] (moderate-grade 
evidence, Table 1 in Supplementary Materials).

BMI
Nineteen RCTs reported the effect of various dos-
ages and duration of metformin compared with 
placebo on the BMI of women with PCOS. Four 
RCTs evaluated metformin 850 mg BID for 
6 months and showed nonsignificant reduction in 
BMI (MD: -0.92 kg/m²; 95% CI: −2.31, 0.47). In 
10 RCTs, metformin 1500 mg QD for 3 months 
significantly reduced the BMI by 0.77 kg/m² (95% 
CI: −1.26, −0.27) compared with placebo. In one 
RCT, metformin 1500 mg QD for 6 months had 
no effect on BMI (MD: −0.30 kg/m²; 95% CI: 
−2.70, 2.10). In one RCT, metformin 1700 mg 
QD had no effect on BMI (MD: −0.20 kg/m²; 95% 
CI: −1.67, 1.27). In one RCT, metformin 1000 mg 
QD for 6 months had no effect on BMI (MD: 
−1.20 kg/m²; 95% CI: −4.09, 1.69). One RCT of 
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Figure 2. (Continued)
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Figure 2. Forest plots of anthropometric parameters. (a) body weight, (b) BMI, (c) WC and (d) WHR.

metformin 1500 mg QD for 7 weeks had no effect 
on BMI (MD: −3.00 kg/m²; 95% CI: −5.11, 
−0.89). Overall, regardless of the administered 
dosages, frequency and duration, metformin sig-
nificantly reduced the mean BMI by 0.82 kg/m² 
(95% CI: −1.22, −0.41, 1213 participants, 
p < 0.0001) [Figure 2(b)] (moderate-grade evi-
dence, Table 1 in Supplementary Materials).

WC and WHR
The five RCTs reported on the effect of met-
formin on WC showed a nonsignificant reduction 
in the WC of women with PCOS [Figure 2(c)]. 
Similarly, in 11 RCTs reported on the effect of 
various dosages, frequencies, and duration of 
metformin, there was a nonsignificant reduction 
in the WHR of women with PCOS [Figure 2(d)].
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Effects of metformin on insulin resistance

FBG
Eleven RCTs investigated the effect of met-
formin on FBG in 272 women with PCOS com-
pared with 271 in the placebo group. In one 
RCT, metformin 850 mg BID for 6 months did 
not affect fasting blood glucose compared with 
placebo (SMD: −0.66; 95% CI: −1.57, 0.24). In 
eight RCTs, metformin 1500 mg QD for 
6 months significantly reduced the mean fasting 
blood glucose compared with placebo (SMD: 
−0.20; 95% CI: −0.42, 0.01). In one RCT, met-
formin 1500 mg QD for 6 months did not affect 
the mean fasting blood glucose (SMD: −0.41; 
95% CI: −0.96, 0.15). In one RCT, metformin 
2000 mg QD did not affect the mean blood glu-
cose (SMD: −0.16; 95% CI: −0.51, 0.18). 
Overall, regardless of the duration and adminis-
tered dosages, metformin significantly reduced 
the mean fasting blood glucose compared with 
placebo (SMD: −0.23; 95% CI: −0.40, −0.06; 
543 participants, p = 0.008) [Figure 3(a)] (mod-
erate-grade evidence, Table 1 in Supplementary 
Materials).

FI
Fourteen RCTs investigated the effect of differ-
ent dosages, frequency and duration of met-
formin on FI in 657 (322 metformin group, 335 
placebo group) women with PCOS. Only two 
studies reported a significant reduction in FI 
(SMD: 0.85; 95 % CI: −1.58, −0.13) and 
(−1.12; 95% CI: −1.98, −0.26). Overall, within 
each subgroup, based on and regardless of the 
dosage, frequency and duration of metformin, 
metformin was associated with a nonsignificant 
reduction in FI (SMD: −0.11; 95% CI: −0.28, 
0.06) [Figure 3(b)].

Homeostatic model assessment of insulin 
resistance (HOMA-IR) and B-cells (HOMA-B)
Eight RCTs investigated the effect of different 
dosages, frequency, and duration of metformin 
on HOMA-IR in 394 women with PCOS (216 in 
metformin and 178 in placebo group). None of 
those eight RCTs, individually or collectively, 
achieved a significant impact of metformin on 
HOMA-IR [Figure 3(b)]. This is similar to the 
two RCTs that investigated the effect of met-
formin on HOMA-B [Figure 3(c)].

Effects of metformin on the lipid profiles 
and CRP

LDL-C
In three RCTs, metformin 850 mg BID had no 
effect on the mean LDL-C (SMD: −0.65; 95% 
CI: −1.53, 0.22). In four RCTs, metformin 
1500 mg QD had no effect on the mean LDL-C 
(SMD: −0.23; 95% CI: −0.71, 0.24). Overall, 
regardless of the administered dosages, metformin 
significantly reduced the mean LDL-C compared 
with placebo (SMD: -0.41; 95% CI: -0.85, 0.03, 
226 participants, p = 0.06) [Figure 4(a)] (moder-
ate-grade evidence, Table 1 in Supplementary 
Materials).

The meta-analysis did not show any effects of 
metformin on the mean total cholesterol, triglyc-
erides, HDL-C and CRP when metformin was 
compared with placebo [Figure 4(b)–(e)].

Effects of metformin on androgen hormones

TT
In three RCTs, metformin 850 mg BID for 
6 months had no significant effect on the mean 
total testosterone (SMD: −0.28; 95% CI: −0.74, 
0.17). In eight RCTs, metformin 1500 mg QD 
for 3 months significantly reduced the mean total 
testosterone compared with placebo (SMD: 
−0.32; 95% CI: −0.58, −0.07). One RCT of met-
formin 1500 mg QD for 6 months showed no 
effect on total testosterone compared with pla-
cebo (SMD: −0.35; 95% CI: −0.90, 0.20). One 
RCT compared metformin 1700 mg QD with 
placebo and showed no effect on the mean total 
testosterone (SMD: 0.00; 95% CI: −0.75, 0.75). 
One RCT compared metformin 850 mg BID for 
36 months showed no effect on total testosterone 
(SMD: −&#48;&x46;19; 95% CI: −0.86, 0.49). 
One RCT compared metformin 1500 mg QD for 
7 weeks and showed a significant reduction in the 
mean total testosterone (SMD: −0.93; 95% CI: 
−1.81, −0.05). One RCT compared metformin 
1000 mg QD with placebo for 6 months and 
showed a significant reduction in the total testos-
terone (SMD: −0.46; 95% CI: −1.30, 0.37). 
Overall, regardless of the administered dosages 
and duration, metformin significantly reduced 
the mean total testosterone compared with pla-
cebo (SMD: −0.33; 95% CI: −0.49, −&#48;.17, 
690 participants, p < 0.0001) [Figure 3(a) in 
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Figure 3. Forest plots of the effect of metformin on insulin resistance: (a) FBG, (b) FI, (c) HOMA-IR and (d) 
HOMA-B.

Supplementary Materials] (moderate grade evi-
dence, Table 1 in Supplementary Materials).

FSH
In two RCTs, metformin 850 mg BID for 
6 months had no effect on the mean FSH com-
pared with placebo (MD: 0.24 IU/L; 95% CI: 
−0.34, 0.83). In four RCTs, metformin 1500 mg 
QD for 3 months had no effect on the mean FSH 
compared with placebo (MD: −0.07 IU/L; 95% 
CI: −0.38, 0.24). In one RCT, metformin 
1000 mg QD for 6 months had no effect on the 
mean FSH compared with placebo (MD: 
−0.55 IU/L; 95% CI: −2.30, 1.20). However, in 
one RCT, metformin 1500 mg QD for 7 weeks 
significantly increased the mean FSH compared 
with placebo (MD: 0.40 IU/L; 95% CI: 0.15, 

0.65). Overall, regardless of the administered 
dosages and duration, metformin significantly 
increased the mean level of FSH compared with 
placebo (MD: 0.20 IU/L; 95% CI: −0.00, 0.40, 
319 participants, p = 0.06) [Figure 3(b) in 
Supplementary Materials] (moderate-grade evi-
dence, Table 1 in Supplementary Materials)

Androstenedione
In one RCT, metformin 850 mg BID for 6 months 
had no effect on androstenedione (SMD: −0.18; 
95%; CI: −0.88, 0.51). Three RCTs comparing 
metformin 1500 mg QD for 3 months showed a 
significant reduction in androstenedione (SMD: 
−0.58; 95% CI: −0.92, −0.23). One RCT com-
paring metformin 1700 mg QD for 12 months 
showed no effect on androstenedione (SMD: 
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Figure 4. Forest plots of lipid profiles and CRP: (a) LDL, (b) TC, (c) TGs, (d) HDL and (e) CRP.

−0.32; 95% CI: −1.08, 0.44). One RCT com-
pared metformin 1000 mg QD for 6 months and 
showed no effect on androstenedione. However, 
another RCT that compared metformin 1500 mg 
QD for 7 weeks showed a significant reduction in 
androstenedione (SMD: −1.25; 95% CI: −2.13, 
−0.38). One RCT compared metformin 850 mg 
BID for 36 months and showed no reduction in 
the level of androstenedione (SMD: −0.17; 95% 
CI: −0.84, 0.51). Overall, metformin at various 
dosages significantly reduced the level of andros-
tenedione when compared with placebo (SMD: 
−0.45; 95% CI: −0.70, −0.20; 275 participants, 
p = 0.0005) [Figure 3(c) in Supplementary 
Materials] (very low–grade evidence, Table 1 in 
Supplementary Materials).

17-hydroxyprogesterone (17-OHP)
In one RCT, metformin 1000 mg QD for 
6 months did not affect 17-OHP compared with 
placebo (SMD: −0.51; 95% CI: −1.35, 0.33). In 
another RCT, metformin 1500 mg QD for 
7 weeks did not affect 17-OHP (SMD: −0.64; 
95% CI: −1.46, 0.17). However, the pooled esti-
mate showed that metformin significantly reduced 
17-OHP when compared with placebo (SMD: 
−0.58; 95% CI: −1.16, 0.00; 48 participants, 
p = 0.05) [Figure 3(d) in Supplementary 
Materials] (very low–grade evidence, Table 1 in 
Supplementary Materials).

The meta-analysis did not show any effect on 
free testosterone, free androgen index, SHBG, 
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DHEAS, LH, and estradiol when metformin was 
compared with placebo [Figure 3(e)–(j), 
Supplementary Materials].

Effects of metformin on pregnancy rate

Pregnancy rate
In two RCTs, metformin 1500 mg QD for 
3 months significantly increased the pregnancy 
rate (OR: 2.76; 95% CI: 1.78, 4.30). In one 
RCT, metformin 850 mg BID for 6 months did 
not affect the pregnancy rate (OR: 6.0; 95% CI: 
0.52, 68.72). In one RCT, metformin 1500 mg 
QD for 7 weeks significantly increased the preg-
nancy rate (OR: 15.60; 95% CI: 1.48, 164.38). 
Overall, regardless of the administered dosage or 
duration, metformin significantly increased the 
rate of pregnancy (OR: 3.00; 95% CI: 1.95, 4.59, 
I2 = 0%, p < 0.00001) [Figure 4(a), Supplementary 
Materials] (very low-grade evidence, Table 1, 
Supplementary Material).

The meta-analysis did not show any effect on the 
ovulation rate when metformin was compared with 
placebo [Figure 4(b), Supplementary Materials].

Discussion
This systematic review has outlined the up-to-date 
evidence supporting metformin’s effectiveness in 
managing PCOS. To our knowledge, this is the 
first comprehensive systematic review to report 
the effects of metformin on anthropometric out-
comes, insulin resistance indices, lipid profiles and 
CRP, androgen hormones and fertility outcomes 
of women with PCOS. When metformin was 
administered at various therapeutic doses and 
compared with placebo, there were statistically 
significant reductions in mean body weight, BMI, 
WC, fasting blood glucose, total testosterone, 
17-OHP and LDL-C, and an increase in the preg-
nancy rate in women with PCOS. However, we 
should acknowledge that metformin is not a fertil-
ity drug such as clomiphene citrate (CC); it indi-
rectly induces ovulation by reducing the insulin 
level and is less effective in ovulation induction 
than CC. However, CC acts directly by inhibiting 
the negative feedback on HPO-axis and induces 
ovulation.41 However, using metformin as an add-
on therapy to CC significantly increases ovulation 
and the pregnancy rate in PCOS.56 These findings 
are in line with the findings of previous studies. 
Legro et al.57 in an RCT of 626 infertile women 

with PCOS, participants were randomised to 
receive metformin plus placebo, CC plus placebo, 
or the combination for 6 months. There was a 
high pregnancy rate and live birth rate with CC 
than with metformin. In an RCT of obese women 
with PCOS evaluating the effect of metformin on 
body weight, a significant decrease in BMI inde-
pendent of lifestyle changes was reported.58 
Women with PCOS are also at a higher risk of 
developing CVD due to hyperinsulinemia, high 
androgen levels, obesity and dyslipidaemia.59 
There is evidence that obesity and PCOS inde-
pendently affect the vascular endothelial func-
tion,60 however, the associations between 
hyperinsulinemia and CVD are independent of 
body weight.61,62 Women with PCOS also have 
dyslipidaemia,63 manifested as a low HDL and 
high triglyceride levels, a strong CVD predictor of 
CVD.64 Thus, the management of dyslipidaemia 
is crucial in PCOS. Metformin improves dyslipi-
daemia by directly affecting the hepatic metabo-
lism of free fatty acids or indirectly by reducing 
hyperinsulinemia by enhancing the insulin sensei-
tivty;65 however, there was no beneficial effect of 
metformin on total cholesterol levels.66 A recent 
network meta-analysis of 101 RCTs assessed the 
effects of 55 interventions in obese women with 
PCOS and found superior efficacy for flutamide 
and cyproterone acetate on hormonal and meta-
bolic paratmeters.67

Metformin is usually administered at a starting 
dose of 500 mg QD, increasing to the highest 
dose of 2000 mg QD if tolerated; sustained-
release (SR) metformin is a preferred alternative 
for metformin intolerance. Although the duration 
of metformin treatment is unclear, the studies 
presented here were not less than 2 months with 
the longest being at over 7 years.

This study followed a comprehensive and system-
atic method to search for relevant databases and 
grey sources and only included RCTs. Steps were 
taken to minimise the risk of bias, and we excluded 
observational studies and non-randomised clini-
cal trials. To the authors’ knowledge, this review 
is the most comprehensive and up-to-date sys-
tematic review and meta-analysis on the effect of 
metformin in women with PCOS.

The limitations of this study include that the 
majority of the RCTs were small, and the statisti-
cal power used to calculate the sample size was 
not fully reported. Moreover, all trials were of 
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short duration; therefore, the long-term effects of 
metformin in women with PCOS are not 
apparent.

Conclusion
Metformin, alone and irrespective of the dosage 
and duration of therapy, significantly reduces the 
mean body weight, BMI, LDL-C, total testoster-
one, androstenedione, 17-OHP, fasting blood 
glucose and increases the pregnancy rate in 
women with PCOS compared with placebo.
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