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Abstract. – OBJECTIVE: PCOS is the most 
common endocrinopathy among reproductive 
age women. Approximately 60% of PCOS wom-
en have insulin resistance. While the efficacy of 
metformin in reducing insulin resistance and de-
creasing androgen level has been widely vali-
dated, there is no agreement on the dose of met-
formin to be used. 

PATIENTS AND METHODS: Prospective 
non-randomized cohort study of 108 insulin re-
sistant, overweight and obese PCOS women, 
aged between 22 and 35 years. All patients re-
ceived 1500 mg of metformin (500 mg x 3 times/
day) for the first 6 months. At the end of this pe-
riod, the patients’ HOMA index was evaluated. 
In subjects, who did not demonstrate normaliza-
tion of the HOMA index, the dose was increased 
to 2500 mg/day (500 mg at breakfast and 1000 
mg at lunch and dinner) for additional 6 months. 
The hormonal blood profile, fasting insulin and 
fasting glucose levels, HOMA index, anthropo-
metric assessment, pelvic ultrasound, FAI index 
and cholesterol were evaluated.

RESULTS: Overall results showed a good re-
sponse to metformin therapy in insulin-resis-
tant PCOS patients with BMI >25, while in pa-
tients with higher BMI (31.15 ± 0.40), no normal-
ization of HOMA was found. At the higher dose 
of metformin, obese patients achieved a good 
response to therapy, with improvement in BMI, 
menstrual pattern, cholesterol levels and hyper-
androgenism.

CONCLUSIONS: Our results demonstrate a 
correlation between the required dose of met-
formin, BMI and hyperandrogenism. The dose of 
metformin should be adjusted to patients’ BMI 
in order to obtain significant results in terms of 
clinical, metabolic and hormonal responses.

Key Words:
PCOS, Insulin resistance, Metformin, HOMA index, 

Hyperandrogenism.

Introduction

Polycystic ovary syndrome (PCOS) is the most 
common endocrinopathy among women of repro-
ductive age1,2. These patients present with a com-
bination of signs and symptoms, varying from 
amenorrhea to sonographic picture of polycystic 
ovaries. Other signs include subtle phenotypic 
abnormalities, hyperandrogenism and advanced 
PCOS syndrome with its associated long-term se-
quelae3. Moreover, most women with PCOS also 
exhibit features of metabolic disorders including 
insulin resistance, obesity and dyslipidemia4. In-
sulin resistance in women with PCOS is present 
both in obese and non-obese patients5.

Insulin resistance and compensatory hyper-
insulinemia are thought to contribute to hyper-
androgenism by multiple mechanisms. Hyper-
insulinemia stimulates ovarian production of 
androgens directly by acting on thecal cells and 
indirectly by inhibiting FSH action on granulosa 
cells. Insulin stimulates thecal cell proliferation, 
as demonstrated in vitro, induces secretion of 
androgens mediated by LH and increases cyto-
chrome P450 expression of LH and IGF-1 recep-
tors6. Furthermore, insulin receptors also present 
in the hypothalamus and pituitary stimulate the 
release of FSH and LH under basal conditions 
and after GnRH stimulation7. 

Moreover, insulin influences hyperandro-
genism through the inhibition of SHBG synthesis, 
leading to an increase in testosterone availabili-
ty8. IGF-1/IGFBP-1 ratio increases significantly 
in women with PCOS9, making IGF-1 easily 
available to thecal cells, that in turn can pro-
mote production of androgens. Additionally, IGF-
1, stimulates oestrogen production by granulosa 
cells, and can synergistically act with FSH and 
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LH in modulating the expression of aromatase 
in these cells10. Insulin induces ACTH-mediated 
androgen production in the adrenal glands, thus 
acting positively on LH-stimulated ovarian ste-
roidogenesis11.

Improving insulin sensitivity through both life-
style and pharmacological intervention has been 
suggested to ameliorate the hyperandrogenism, to 
restore ovulation and enhance pregnancy rate in 
women with PCOS. Treatment with metformin, 
the most widely studied insulin-sensitizing drug 
in PCOS patients, is often associated with a sig-
nificant reduction in plasma concentrations of 
various androgens12. 

Moreover, metformin treatment has been as-
sociated with weight reduction in overweight and 
obese PCOS patients, both insulin sensitive and 
insulin resistant13. It has been further demonstrat-
ed14,15 that metformin therapy can significantly 
reduce visceral and subcutaneous adipose tissue. 

Currently, many studies have confirmed the 
efficacy of metformin in reducing insulin resis-
tance and its beneficial effects in PCOS subjects, 
but there is no consensus regarding the optimal 
metformin dose to be used in these patients. The 
rationale of our study is based on the correlation 
between metformin dose and BMI. In our study 
we aimed to evaluate the effect of different doses 
of metformin in PCOS subjects with different 
BMI on their Homeostasis Model Assessment 
Insulin Resistance (HOMA) index and their hor-
monal and lipid levels.  

Patients and Methods

Our study consisted of 108 PCOS women aged 
22 to 35 attending the Infertility and IVF Unit 
of Department of Molecular and Development 
Medicine of the University of Siena, Italy, during 
a two-years period (from 2016 to 2018).

Inclusion criteria were: PCOS according to the 
Rotterdam criteria, HOMA [fasting plasma glu-
cose (mg/dl) x fasting insulin (mIU/l)/405]>2.5 
and BMI >25. 

All patients enrolled had no co-morbidities 
and had not taken, for the previous 6 months, 
any medications interfering with the levels of sex 
hormones, blood glucose, and insulin. 

Recruited patients underwent anthropomet-
ric assessment (waist circumference and BMI), 
evaluation of their menstrual cycle and trans-
vaginal pelvic ultrasound. Hormonal blood pro-
file, fasting insulin, fasting glucose, and choles-

terol were measured during the follicular phase 
(3rd to 5th day of the menstrual cycle). In patients 
with amenorrhea, menstrual flow was induced 
by progestin (medroxyprogesterone acetate -10 
mg for 8 days).

In order to reduce the side effects of met-
formin, such as abdominal discomfort and diar-
rhea, its dose was gradually increased: one third 
of the required dose was initially administered, 
after 7 days it was increased to two-thirds and 
after 14 days the full dose was administrated. 

During the study, all participants were ad-
vised to undergo lifestyle modification, includ-
ing dietary adjustments and moderate-strength 
physical exercises three times a week for 30-40 
minutes per session. They were asked to record 
their daily dietary and exercise activities, which 
were monitored through hospital visits. 

All patients received 1500 mg of metformin 
(500 mg x 3 times/day) for 6 months. At the end 
of this period, the patients’ HOMA index was 
evaluated, and the patients were further divided 
into two groups: Group 1 was those who respond-
ed with a normalization of the HOMA index and 
Group 2 were subjects who did not demonstrate 
normalization of the HOMA index (non respond-
ers).

In women of Group 2, the dose was increased 
to 2500 mg/day (500 mg at breakfast and 1000 
mg at lunch and dinner) for 6 additional months.

Plasma concentration of Testosterone (T), FSH 
and LH were measured using Access Immunoas-
say System (Beckman Coulter, Milan, Italy), for 
Andostenedione (A), SHBG, estradiol were used 
Immunolite 2000 system Kits (Siemens, Los An-
geles, CA, USA).

The samples were analysed twice with two 
dilutions. For each test, controls at low, medium 
and high concentration were included. The dos-
ing limits were 277 pmol/L to T, 104 pmol/L for 
A, 0.02 nmol/L for SHBG, 15 pg/ml for estradiol, 
0.2 mUI/ml for LH and FSH. Variations between 
samples were 3.4% and 4.6% for T, 5.6% and 
6.4% for A, 6.9% and 13% for SHBG. Plasma 
glucose was measured with a glucose oxidation 
method (Beckman Instruments, Fullerton, CA 
USA) and cholesterol was determined by an en-
zymatic assay (Bristol, Paris, France). The meth-
ods used are highly specific for each hormone 
and have low cross-reactivity (b.0.5%) with other 
hormones or drugs present in the samples. FAI 
Index was calculated: the total testosterone level 
was divided by the sex hormone binding globulin 
(SHBG) level, and then, multiplied by 100.
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Statistical analysis was performed with the 
software GraphPad Prism 6 (GraphPad Software, 
La Jolla, CA, USA). The standardized values of 
skewness and kurtosis will be used to verify the 
normal distribution of data. Parametric (t-test) or 
non-parametric (Mann Whitney and Wilcoxon 
signed-rank test) tests were used when appropri-
ate. Statistical significance was set at a value of 
p<0.05.

Ethical Approval
This study was approved by our Local Ethics 

Committee (Review Board of Department of 
Obstetrics and Gynaecology, University of Sie-
na). All patients provided written informed con-
sent. Local Ethical Committee Approval protocol 
number: 325/05 A on 23rd June 2015.

Results

Of the 108 PCOS women initially treated, 
eight dropped out during the first part of the 
study: two patients conceived, one suffered 
from thyroid disease and five patients withdrew 
due to the side effects caused by metformin 
(nausea and occasional diarrhoea attacks). Pa-
tients were divided into two groups based on 
normalization of the HOMA index after first 
treatment period with metformin 1500 mg and 
their baseline characteristics, both anthropo-
metric and hormonal features, are presented 
in Table I. Between the two groups (respond-
ers vs. non-responders) significant differences 

emerged: HOMA index is higher in non-re-
sponders (3.09 ± 0.09 vs. 3.44 ± 0.09; p-value 
0.010), as well as BMI (28.46 ± 0.39 vs. 31.15 
± 0.40; p-value < 0,0001), waist circumfer-
ence (83.85 ± 1.02 vs. 89.34 ± 0.83; p-value < 
0,0001) and total cholesterol (202.7 ± 4.29 vs. 
218.9 ± 4.61; p-value 0.012). The number of 
menstrual cycles during the first 6 months was 
greater in group 1 (7.02 ± 0.37 vs. 5.50 ± 0.28; 
p-value 0,0014). LH (6.87 ± 0.16 vs. 7.39 ± 0.15; 
p-value 0,0186) and estradiol levels (31.55 ± 
1.004 vs. 35.74 ± 1.10; p 0,0065) were higher 
in non-responders, with no in-between group 
differences in FSH, Testosterone, SHBG, FAI 
and Androstenedione.

At the end of the first 6 months of therapy, 
general improvements in HOMA index, SHBG 
and FAI were recorded in both groups (Table II). 
Reduction in BMI was also observed, although 
the differences were not statistically significant. 
Testosterone levels dropped significantly in group 
1 but not in group 2 (Table II).

The subjects of group 2, with an average of 
basal BMI of 31.15 ± 0.40, showed a significant 
reduction in the HOMA index after 6 months 
of 1500 mg per day metformin, but the HOMA 
index levels did not normalized (HOMA index 
<2.5). In these patients, the daily metformin 
dose was increased to 2500 mg for additional 6 
months.

At the end of the second treatment period 
these patients showed a statistically significant 
improvement with normalization of the HOMA 
index, together with a significant amelioration 
of the fasting glucose, insulin, and hyperandro-

Table I. Basal characteristics of study population. Data are presented as Mean(M) ± Standard Deviation (SD).

 Group 1 “Responders” Group 2 “Non- responders”
 No. 47 No. 53 p-value

Age 24.91 ± 0.51 25.30 ± 0.40 0.5494
HOMA 3.09 ± 0.09 3.44 ± 0.09 0.0109
N. of menstrual cycles in 6 months 7.021 ± 0.37 5.51 ± 0.28 0.0014
BMI 28.46 ± 0.39   31.15 ± 0.40 < 0.0001
Fasting glucose mg/dl 89.03 ± 1.31 94.12 ± 1.18  0.0047
Fasting insulin mIU/mL 13.98 ± 0.22 14.67 ± 0.247  0.0433
Total cholesterol mg/dl 202.7 ± 4.29 218.9 ± 4.61 0.0124
Waits circumference cm 83.85 ± 1.02 89.34 ± 0.83 < 0.0001
LH mUI/ml 6.87 ± 0.16 7.39 ± 0.15 0.0186
FSH mUI/ml 6.07 ± 0.11 5.98 ± 0.11 0.5597
Estradiol pg/ml 31.55 ± 1.004 35.74 ± 1.10 0.0065
Testosterone pmol/l 0.6132 ± 0.01 0.611 ± 0.004  0.7808
SHBG nmol/l 31.89 ± 0.13 31.79 ± 0.12 0.5844
FAI 1.92 ± 0.019 1.92 ± 0.012 0.9804
Androstenedione pmol/l 2.72 ± 0.071 2.77 ± 0.075 0.6302
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genism (Table III, Figure 1). Testosterone levels 
(0.61 ± 0.004 pmol/l vs. 0.58 ± 0.005 pmol/l; 
p<0.0001) and BMI (31.15 ± 0.40 vs. 30.08 ± 
0.37; p<0.05) decreased statistically significant-
ly only after the treatment with metformin 2500 
mg in non-responders subjects (0.61 ± 0.004 
vs. 0.58 ± 0.005; p<0.0001). Total cholesterol, 
waist circumference and the menstrual pattern 

were also improved with the higher dose of met-
formin (Table III). No side effects are reported 
in this group and metabolic acidosis did not 
occur in any patient. The parameters recorded 
in the group 2 after metformin treatment with 
2500 mg, were similar to those obtained in the 
group of responders after metformin therapy 
with 1500 mg.

abetween responders. bbetween responders and non-responders at baseline.

Table II. HOMA, BMI, basal glucose and insulin and androgens before and after 6 months treatment with Mefotrmin 1500 
mg (500 mg three times a day): Data are presented as Mean(M) ± Standard Deviation (SD).

                             Responders (No. 47)                            Non-responders

 Parameters At baseline After 6 months At baseline After 6 months p-value

HOMA index 3.09 ± 0.09 2.25 ± 0.03 3.44 ± 0.09 3.06 ± 0.06 < 0.0001a

     0.0109b

     0.0012c

BMI 28.46 ± 0.39 27.73 ± 0.36 31.15 ± 0.40 30.69 ± 0.37 0.1728a

     < 0.0001b

     0.4050c

Fasting glucose mg/dl 89.03 ± 1.31 81.34 ± 0.62 94.12 ± 1.18 89.68 ± 0.83 < 0.0001a

     0.0047b

     0.0027c

Fasting insulin mIU/mL 13.98 ± 0.22 11.23 ± 0.11 14.67 ± 0.25 13.78 ± 0.18 < 0.0001a

 7     0.0433b

     0.0044c

Testosterone  pmol/l 0.61 ± 0.01 0.58 ± 0.005 0.61 ± 0.004 0.60 ± 0.004 0.0009a

 N = 47    0.7808b

     0.2417c

SHBG  pmol/l 31.89 ± 0.13 34.36 ± 0.22 31.79 ± 0,12 32.79 ± 0.18 < 0.0001a

 47     0.5844b

     < 0.0001b

FAI 1.92 ± 0.02 1.70 ± 0.017 1.92 ± 0.01 1.84 ± 0.013 < 0.0001a

 = 47    0.9804b

     < 0.0001c

Table III. Subjects without normalization of HOMA index after 6 months treatment with 1500 mg metformin (Group 2), 
treated with 2500 mg/day (500 mg at breakfast and 1000 mg at lunch and dinner) for additional 6 months.

                                                                 Group 2 “Non-responders”

 Parameters At baseline After 6 months of Metformin 2500 gr p-value

HOMA index 3.44 ± 0.09 2.49 ± 0.04 < 0.0001
BMI 31.15 ± 0.40 30.08 ± 0.37 < 0.05
Fasting glucose mg/dl 94.12 ± 1.18 82.53 ± 0.69 < 0.0001
Fasting insulin mIU/mL 14.67 ± 0.2469 12.20 ± 0.14 < 0.0001
Testosterone pmol/l 0.61 ± 0.004 0.58 ± 0.005 < 0.0001 
SHBG nmol/l 31.79 ± 0.12 36.02 ± 0.25 < 0.0001
FAI 1.92 ± 0.01 1.62 ± 0.02 < 0.0001 
Total cholesterol mg/dl 218.9 ± 4.61 203.48 ± 5.21 < 0.0001
Waist circumference cm 89.34 ± 0.83 86.21 ± 4.10 < 0.05
No. of menstrual cycles in 6 months 5.51 ± 0.28 6.97 ± 0.31 < 0.001

Data are presented as Mean (M) ± Standard Deviation (SD).
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Overall, these results show a good response 
to metformin therapy for insulin resistant PCOS 
patients with BMI >25. In those patients with 
higher BMI, who had not normalized their HO-
MA index, the increase in metformin dose in-
duced a significant amelioration in all the tested 
variables.

Discussion

The use of insulin sensitizers, particularly met-
formin, is well accepted for the treatment of 
insulin resistance PCOS patients. However, there 
is still no consensus in choosing the optimal dose 
and there is no agreement on the minimum effec-
tive dose.

Our data clearly show that the dose of met-
formin should be adjusted to patients’ BMI in 
order to obtain significant results in terms of 
clinical, metabolic and hormonal responses. A 
higher BMI generally requires higher doses of 
metformin. Moreover, dose escalation does not 
affect the safety of the drug, since metformin 
does not cause hypoglycaemia16. On the other 
hand, one of its most worrying side effects is met-
abolic acidosis, but it is very rare in patients with 
normal kidney function17. The minor side effects 
of metformin, such as nausea and diarrhea18, can 
be limited by a gradual weekly increase in the 
starting dose.

It has been long known that adipose tissue 
plays a role in maintaining metabolic homeostasis 
and that adipose tissue expansion can enhance 

insulin resistance and induce a state of  inflam-
mation. These conditions are associated with a 
chronic inflammatory response characterized by 
abnormal cytokine production and activation of 
inflammatory signalling pathways19,20. 

The effectiveness of metformin is not only 
demonstrated by the reduction of insulin resis-
tance and the consequent beneficial effects on 
reproductive function, but it also has long-term 
beneficial effects on health21,22. Many studies 
have been more successful in reducing body 
weight, using higher dosage of metformin23. Met-
formin leads to a reduction in body weight and 
glucose production by the liver,  due to its anorep-
tic effect and its interaction with AMP-activated 
protein kinase (AMPK)15,24,25. AMPK regulates 
several intracellular systems, including the glu-
cose uptake, the b-oxidation of fatty acids, and 
the biogenesis of glucose transporter 4 and mito-
chondria. Since it causes a switch from synthesis 
of cellular nutrient stores to their breakdown, 
AMPK might be involved in metformin action26.

Body weight reduction was observed when the 
relationship between metformin dose and effects 
on body weight was assessed in a group of PCOS 
women stratified by weight. In the obese group, 
weight loss following metformin treatment ap-
peared to be dose dependent. In fact, at end of the 
treatment, the body weight reduction was higher 
in the group treated with 2550 mg compared to 
the group taking 1500 mg of metformin27.

There is no general agreement on the use of 
metformin as a dose dependent treatment. In-
deed, patients with PCOS have been reported 

Figure 1. Effect of metformin on fasting glucose, fasting insulin and HOMA index after 1500 mg daily and after 2500 mg 
daily.
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to benefit from metformin therapy regardless of 
dosage28.  However, in our study, we reported that 
PCOS women with higher BMI showed a signif-
icant amelioration of the fasting glucose, insulin, 
and hyperandrogenism only if a higher dosage of 
metformin was used. It has also been shown that 
treatment with 1500 mg of metformin was more 
effective in improving baseline values of insulin, 
total and free testosterone and androstenedione 
in non-obese patients compared to obese patients, 
in whom this treatment induced only a decrease 
in free testosterone values29. The androgenic pa-
rameters ameliorate not only by the effect of 
metformin-mediated insulin resistance reduction. 
In theca cells, metformin demonstrates a direct 
dose-dependent inhibitory effect on androgen 
production by targeting 3β-hydroxysteroidido-
sidrogenasetype 2 (HSD3B2) and 17α-hydroxy-
lase/17.20 lyase (CYP17A1)30.

Beneficial effects of other insulin-sensitizers 
are also studied in polycystic ovary syndrome. 
Thiazolidinediones (TZDs) can reduce insulin 
resistance in PCOS women mainly acting on the 
adipocytes and the muscle cells. In addition to 
improving insulin resistance and compensatory 
hyperinsulinemia, administration of TZDs may 
increase the ovulation rate and pregnancy and 
cause a substantial decrease in circulating andro-
gen concentrations. Overall, in some conditions 
these drugs may be considered as protective 
agents even if, due to their side effects, their 
use should come as a secondary option in the 
treatment of the metabolic problems linked to 
PCOS30. Inositols have also been investigated for 
the treatment of PCOS: they can regulate men-
strual cycles and improved metabolic parameters. 
However, Inositol (in any form) should currently 
be considered an experimental therapy in PCOS, 
with emerging evidence on efficacy highlighting 
the need for further research31.

When surrogate indexes, like HOMA, were 
used for the identification of insulin resistant 
PCOS women, Tosi et al32 found a high PPV (90-
96%), but a low NPV (36-45%) if compared to 
euglycemic-hyperinsulinemic clamp values. We 
support Tosi conclusions indicating that surrogate 
indexes work better in women with obesity and/or 
metabolic syndrome; in fact, our patient sample 
consisted entirely of overweight or obese women. 
The evaluation of IR with HOMA index is not 
the gold standard for determining IR, but this 
method can easily be repeated without causing 
discomfort to patients, and moreover it is reliable 
in identifying IR. 

Conclusions 

Our results demonstrate a correlation between 
metformin dose, BMI and hyperandrogenism in 
overweight PCOS women, indicating that the 
higher is BMI index, the higher should be the 
dose of metformin needed to achieve an effective 
reduction in insulin resistance in these patients. 

Further studies are needed to better evaluate 
metformin doses and BMI in PCOS patients.
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