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Context: To improve the treatment outcomes in women with polycystic ovary syndrome (PCOS),
various drugs like glitazones, oral contraceptive pills, or antiandrogens have been combined with
metformin.

Objective: The aim of the study was to compare the efficacy of the combination of low-dose
spironolactone and metformin with either drug alone in the management of women with PCOS.

Design and Setting: The present study was an open-label, randomized study conducted at a tertiary
care referral center.

Patients and Intervention: Of 204 women who met the 2006 Androgen Excess-PCOS criteria for
PCOS, 198 were randomized into 3 equal groups to receive metformin (1000 mg/d), low-dose
spironolactone (50 mg/d), or a combination of both drugs for a period of 6 months. A total of 169
subjects (n � 56 metformin, 51 spironolactone, 62 combination) completed the study.

Main Outcome Measures: Menstrual cycle pattern, Ferriman-Gallwey score, body mass index (BMI),
waist-hip ratio, blood pressure, LH, FSH, total T, glucose and insulin sensitivity indices were mea-
sured at baseline (0 mo) and 3 and 6 months after the intervention. Recording of adverse events
and drug compliance was assessed at each of the visits.

Results: The 3 groups had comparable mean age and BMI at baseline. By 6 months, menstrual
cycles/y increased, whereas Ferriman-Gallwey score, serum total T, and area under the curve-
glucose and -insulin decreased significantly (P � .05) in the combination group as compared to
either drug alone. There was no significant change in body weight, BMI, waist-hip ratio, and blood
pressure in any of the 3 groups. The combination group had better compliance than either drug
alone, and the adverse event rate was not higher.

Conclusion: The combination of low-dose spironolactone with metformin seems superior to either
drug alone in terms of clinical benefits and compliance in women with PCOS. (J Clin Endocrinol
Metab 98: 3599–3607, 2013)
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Polycystic ovary syndrome (PCOS), a common endo-
crine disorder associated with chronic anovulatory

infertility and hyperandrogenism, is currently the focus of
substantial research effort (1). Described by Stein and Lev-
enthal (2) in 1935 as a gynecological disorder, it is now
believed to be associated with a constellation of metabolic
derangements such as obesity, type 2 diabetes mellitus
(DM), dyslipidemia, hypertension, and cardiovascular
disease (3). The underlying etiology of PCOS remaining
elusive, most of the approaches to treat these cases in the
past included inhibiting or decreasing androgen produc-
tion (ovarian wedge resection, laparoscopic ovarian dril-
ling, LHRH analogs, aromatase inhibitors, antiandro-
gens, oral contraceptive pills [OCPs]) (4). Spironolactone,
chemically related to mineralocorticoid aldosterone, has
been used as an antiandrogen. In addition, it acts as a
steroid synthesis inhibitor (5). It has been used mostly in
the treatment of hyperandrogenism (primarily hirsutism)
in anovulatory women, besides being a diuretic (6–8).
Although the experience of spironolactone in PCOS is lim-
ited (9–11), it is relatively safe in smaller doses (12). The
drug has been used as a sole agent, in combination or in
head-to-head comparison with other agents in hirsutism
(13, 14).

Management of PCOS with insulin sensitizers like thia-
zolidinediones (15, 16) and metformin (17, 18) that target
insulin resistance, the dominant pathogenic factor in DM,
has generated significant interest in recent years. Met-
formin has also been shown to directly inhibit human
theca cell androgen synthesis, suggesting an insulin-inde-
pendent mechanism (19). A plethora of publications has
demonstrated the efficacy of metformin in improving
menstrual cyclicity, anovulation, cervical scores, sponta-
neous and assisted pregnancy outcomes, inflammatory
markers, endothelial dysfunction, and various metabolic
parameters (20–24).

To increase the treatment outcomes in women with
PCOS, many investigators have attempted the addition of
glitazones, OCPs, clomiphene citrate, or antiandrogens
with metformin, alone or in combination (25–29). We
previously reported the comparable efficacy of low-dose
spironolactone to that of metformin in the management of
women with PCOS (10).

In this open-label, randomized study, the efficacy of
low-dose spironolactone and metformin combination was
compared with either agent alone in the management of
women with PCOS. To the best of our knowledge, after
performing a systematic literature survey, this is the first

study combining low-dose spironolactone with an insulin
sensitizer (metformin) in the management of PCOS.

Subjects and Methods

Subjects
A total of 240 consecutive women presenting with menstrual

disturbances such as oligo-/amenorrhea (menstrual interval �35
d or �8 cycles/y), amenorrhea (no menses in last �6 mo), hy-
perandrogenism (androgenic alopecia, male pattern hair growth,
or moderate to severe acne vulgaris), infertility, or ultrasono-
graphic evidence of polycystic ovaries to the Endocrine Clinic of
our Institute between January 2009 and January 2011 and meet-
ing the 2006 Androgen Excess Society criteria (30) for diagnosis
of PCOS were enrolled for the study. Women having thyroid
dysfunction, hyperprolactinemia, Cushing’s syndrome, nonclas-
sical congenital adrenal hyperplasia, and androgen-secreting tu-
mors were excluded from the study. Women consuming any
hormonal preparations or drug(s) known or suspected to affect
reproductive or metabolic functions within 6 months of the study
entry, or those having known DM, renal, hepatic, or cardiac
dysfunction were also excluded. Of 204 women who consented
to participate in the study, 198 with a suitable clinical profile
were randomized equally (n � 66) into 3 groups by computer-
generated random number allocation in an open-label manner.
However, the allocation concealment was maintained until an
oral glucose tolerance test (OGTT) was done. The study was
approved by Institute’s Ethics committee.

Study protocol
Anthropometric evaluation included measurement of body

weight (kilograms), height (centimeters), body mass index (BMI;
kilograms/meter2), and waist-hip ratio (WHR). modified Ferri-
man-Gallwey score done by a single observer (M.A.G.) was used
to assess the degree of hirsutism. A score of � 7 out of 36 was
taken as significant. A single observer (F.A.) performed trans-
abdominal ultrasonography to demonstrate features of polycys-
tic ovaries, ie, the presence of 10 or more peripheral follicles each
measuring 2–8 mm in size with echogenic ovarian stroma and/or
increased ovarian volume (31).

OGTT was performed from 8 to 9 AM after an overnight
(10–12 h) fast. Blood samples were collected at 0, 60, and 120
min after an oral load of 75 g anhydrous glucose dissolved in
200–300 mL of water. Blood samples were separated in cold
centrifuge at 4°C and aliqouted. The samples for glucose, elec-
trolytes, lipids, liver and kidney function tests were analyzed on
the same day. The samples for T3, T4, TSH, LH, FSH, prolactin
(PRL), total T, insulin, and cortisol (morning) were stored at
�70°C until analysis. Overnight dexamethasone-suppressed
cortisol or ACTH-stimulated 17-hydroxyprogesterone (17-
OHP) tests were done to rule out Cushing’s syndrome or non-
classical congenital adrenal hyperplasia, after the baseline, if
needed. The sampling was arranged in such a way that these were
collected from days 3 to 7 (early follicular phase) of spontaneous
or medroxyprogesterone-induced menstrual cycles.
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Intervention
Women were given standard diet counseling (30 –35 kcal/

kg, comprising 50 –55% carbohydrate, 20 –25% protein, and
15–20% fat with high fiber content) and lifestyle advice (25-
to 35-min brisk walk per day) before randomization of the
subjects and at each scheduled visit. The randomized groups
were administered metformin 500 mg twice a day (Glycomet
USV; India Ltd), spironolactone 50 mg/d (Aldactone; RPG
Life Sciences Ltd), and the combination in the same doses. The
3-month supply of medication was provided at each visit in
blister packing provided by the manufacturers. All women
were subjected to clinical assessment, laboratory evaluation,
and safety audit 3 and 6 months (�1 wk) after starting treat-
ment. At each visit, diet and lifestyle advice was reinforced,
and compliance of medication was checked by empty packs.
All married/sexually active women were advised to use barrier
contraception throughout the study. The CONSORT chart
describes the flow of subjects in the study (Figure 1).

Laboratory analysis
Plasma insulin was measured by electrochemiluminescence

(Cobas e411; Roche Diagnostics Limited). Estimations of serum
T3, T4, cortisol, 17-OHP, and T were done by RIA using com-
mercial kits in duplicate and according to supplier protocol.
Measurement of TSH, PRL, LH, and FSH were done by immu-
noradiometric assay using commercial kits. The kits were sup-
plied by: Diasorin, T3 and T4; Shinjin Medics Inc, TSH; Immu-
notech SA, T, 17OHP, and cortisol; and Diagnostic Products
Corporation, PRL, LH, and FSH. Plasma glucose was measured
by glucose oxidase peroxidase method (Roche Hitachi 912). Sen-
sitivity, specificity, and interassay and intraassay coefficients of
variation were within the prescribed limits prescribed in the man-

ufacturer’s protocol. Glucose tolerance was categorized accord-
ing to 1999 World Health Organization criteria. Insulin resis-
tance/insulin sensitivity indices (32) such as homeostasis model
of assessment for insulin resistance (HOMA-IR), quantitative
insulin sensitivity check index (QUICKI), area under the curve-
insulin (AUC-I), area under curve-glucose (AUC-G), AUC-G/
AUC-I, fasting glucose insulin ratio (FIGR), Reynaud’s index,
Drivsholm index, and Matsuda index were calculated. HOMA-IR
was computed using the following formula: (fasting insulin in
�IU/mL � fasting glucose in mmol/L)/22.5, whereas QUICKI
was computed as 1/(log fasting insulin in �IU/mL � log glucose
in mg/dL).

Statistical analysis
SPSS 16.0 version (SPSS Inc) was used for statistical analysis.

The results are expressed as mean � SD. Comparison of all clin-
ical, biochemical, and hormonal quantitative variables within
the groups and between the 3 groups at baseline and months 3
and 6 was done using ANOVA. ANOVA for repeated measures
was used to compare the clinical, biochemical, and hormonal
parameters within each group, and the Bonferroni test was used
for multiple comparisons. Post hoc analysis was done, wherever
necessary, to identify pairs of observations having significantly
different levels of observations. Furthermore, to compare the
distribution of qualitative variables between groups, �2 test was
used. A P value of �.05 was considered statistically significant.

Results

Baseline parameters
Of the 204 subjects who gave consent, 6 women were

excluded on the basis of abnormal biochemical profile. In

Qualified AE PCOS criteria 2006,   n=240
Screening

E l t Informed consent not given, N=36

d b

Enrolment
Unsuitable profile N=6

Random number assignment             n=198Alloca�on

Me�ormin N=66 Spironolactone N=66Interven�on Me�ormin + Spironolactone  N=66

*Adverse events, n=4

Incomplete data, n =7

Lost to follow-up, n=4Follow-up

*Adverse events, n=3,

Incomplete data, n=3

Lost to follow-up, n=4

*Adverse events, n=2

Incomplete data, n =2

Lost to follow-up, n=0 

Completed N=56 Completed, N=51Analysed
Completed, N=62

Figure 1. CONSORT chart showing progress of subjects in all 3 arms of the trial.
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view of the incomplete data, dropouts, or adverse
events, 29 (10 in the metformin group, 15 in the spi-
ronolactone group, and 4 in the combination group)
subjects were not included in the final analysis. This left
a complete data set of 169 women (n � 56 metformin,
51 spironolactone, and 62 combination) for statistical
comparisons (Figure 1). Age, BMI, Ferriman-Gallwey
(FG) score, anthropometric parameters and hormonal
profiles were comparable in the groups (Table 1). The
biochemical parameters and various insulin sensitivity
indices were also comparable (Table 2).

Follow-up

Metformin group
Menstrual cycle frequency improved significantly (P �

.01) with metformin, from 5.95 � 1.96 to 8.8 � 2.35
cycles/y at 3 months and to 10.02 � 3.16 cycles/y at 6
months (Table 1). The cycles regularized in a majority of
subjects, although 9 of 56 cases persisted with oligo-/
amenorrhea. The hirsutism score decreased (P � .001)
gradually from 13.27 � 2.74 at baseline to 10.84 � 2.42
and 9.67 � 2.19 at 3 and 6 months of therapy, respectively
(Table 1). Serum total T levels showed a significant de-

Table 1. Clinical, Anthropometric, and Hormonal Parameters of the Subjects Before and During Treatment

Metformin (n � 56) Spironolactone (n � 51) Metformin � Spironolactone (n � 62)

0 mo 3 mo 6 mo 0 mo 3 mo 6 mo 0 mo 3 mo 6 mo

Age, y 22.42 � 5.27
(range, 14–37)

23.57 � 5.23
(range, 15–39)

23.56 � 4.67
(range, 14–37)

Age of
menarche, y

12.96 � 1.27 13.49 � 4.73 12.80 � 1.26

Height, cm 157.64 � 6.04 158.08 � 5.73 156.69 � 5.45
Weight, kg 60.85 � 11.21 60.03 � 9.82 60.15 � 8.95 60.91 � 11.43 60.53 � 9.79 61.14 � 8.89 60.88 � 9.10 60.90 � 9.14 60.03 � 7.53
BMI, kg/m2 25.96 � 4.09 25.41 � 4.04 24.74 � 3.11 24.26 � 3.73 24.22 � 3.32 24.46 � 3.01 24.91 � 4.91 24.69 � 9.14 24.07 � 3.36
WHR 0.90 � 0.7 0.87 � 0.06 0.87 � 0.07 0.90 � 0.07 0.90 � 0.06 0.89 � 0.06 0.90 � 0.08 0.87 � 0.07 0.84 � 0.07b

No. of cycles/y 5.95 � 1.96 8.80 � 2.35a 10.02 � 3.16b,c 6.45 � 2.63 9.40 � 2.45a 10.35 � 2.8b,c 6.13 � 2.54 9.30 � 3.08a 10.86 � 3.20b,d

FG score 13.27 � 2.74 10.84 � 2.42a 9.67 � 2.19b,c 13.65 � 2.72 10.27 � 2.50a 9.56 � 2.29b,c 13.11 � 3.05 10.05 � 2.9a 9.09 � 2.29b,c,d,e

SBP, mm Hg 119.96 � 7.9 121.50 � 5.7 121.37 � 6.5 123.13 � 10.7 120.94 � 8.2 119.16 � 7.0b 123.92 � 10.9 121.48 � 7.4 120.13 � 9.0
DBP, mm Hg 82.36 � 5.50 81.90 � 6.08 81.00 � 5.1 82.02 � 7.5 80.55 � 5.1 79.19 � 6.6 81.58 � 5.5 80.05 � 5.0 77.72 � 6.0
LH, IU/L 6.13 � 5.17 7.03 � 4.15 5.69 � 4.10 5.98 � 4.11 7.43 � 4.22 5.10 � 2.84 6.01 � 4.78 7.38 � 4.07 4.95 � 2.99
FSH, IU/L 5.39 � 1.63 5.61 � 1.82 5.83 � 1.58 5.37 � 1.44 5.87 � 1.51 5.45 � 1.91 5.99 � 1.65 5.97 � 1.47 6.02 � 2.12
T, nmol/L 3.03 � 1.58 2.40 � 0.93a 1.89 � 0.69b,c 2.98 � 1.68 2.28 � 1.27a 1.80 � 1.11b,c 3.10 � 1.55 2.19 � 1.17a 1.58 � 0.74b,c,d,e

Abbreviations: SBP, systolic BP; DBP, diastolic BP. Results are given as mean � SD; P � 0.05. Conversion factors: LH and FSH, IU/L � mIU/mL � 1;
T, nmol/L � ng/dL � 0.03467.

Comparison within the group: a month 0 vs month 3; b month 0 vs month 6; c month 3 vs month 6.
d Comparison of metformin with combination (metformin and spironolactone).
e Comparison of spironolactone with combination (metformin and spironolactone).

Table 2. Glycemic and Insulin Sensitivity Parameters of the Subjects Before and During Treatment

Metformin (n � 56)

0 mo 3 mo 6 mo

Blood glucose-fasting (mg/dL) 90.79 � 11.28 90.25 � 9.84 88.44 � 11.83
Blood glucose-1 h (mg/dL) 148.30 � 19.02 147.62 � 23.10 140.17 � 24.69
Blood glucose-2 h (mg/dL) 135.08 � 23.37 130.89 � 15.87a 125.50 � 20.06b

AUC-G (0–120) 15 671.6 � 1991.9 15 451.3 � 1575.0 14 841.0 � 1904.8c

Serum insulin-fasting (�IU/mL) 15.71 � 12.66 14.54 � 10.98 10.51 � 7.22b

Serum insulin-1 h (�IU/mL) 74.92 � 59.07 56.96 � 27.92a 55.38 � 29.96c

Serum insulin-2 h (�IU/mL) 48.31 � 31.50 38.69 � 20.26a 35.86 � 22.85b

AUC-I (0–120) 6466.81 � 3790.29 5127.97 � 2098.30a 5034.91 � 2590.0b

AUC-G (0–120)/AUC-I (0–120) 3.30 � 2.02 3.45 � 1.37 4.00 � 197b

HOMA-IR (mIU � mmol/L2) 3.52 � 2.73 3.15 � 2.38 2.31 � 1.5c

QUICKI 0.329 � 0.030 0.335 � 0.033 0.348 � 0.034b

Matsuda index 4.76 � 3.08 5.34 � 2.52 7.05 � 4.27b

Reynaud’s index 3.78 � 2.32 4.24 � 3.08a 5.54 � 3.88b

FGIR 8.55 � 5.14 10.26 � 6.07 11.85 � 8.61b

Drivsholm index 3.30 � 2.02 3.45 � 1.37 4.00 � 1.97b

Results are given as mean � SD; P � .05. Conversion factors: insulin, pmol/L � �IU/mL � 7.175; glucose, mmol/L � mg/dL � 0.0555.

Comparison within the group: a month 0 vs month 3; b month 0 vs month 6; c month 3 vs month 6.
d Comparison of metformin with combination (metformin and spironolactone).
e Comparison of spironolactone with combination (metformin and spironolactone).
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crease (P � .01) from baseline 3.03 � 1.58 nmol/L to
2.40 � 0.93 and 1.89 � 0.69 at 3 and 6 months of therapy,
respectively (Table 1). There was no significant effect on
BMI, WHR, blood pressure (BP), LH, and FSH levels with
6 months of metformin therapy (Table 1). OGTT results
revealed a nonsignificant decreasing trend in fasting and
1-hour plasma glucose values but a significant fall in
2-hour plasma glucose and AUC-G (Table 2). Plasma in-
sulin levels during OGTT and the various insulin sensi-
tivity parameters (AUC-I, AUC-G/AUC-I, HOMA-IR,
QUICKI, Matsuda index, and FIGR) showed a significant
improvement at 3 and 6 months of therapy.

Low-dose spironolactone group
Menstrual cyclicity increased from a baseline of 6.45 �

2.63 cycles/y to 9.4 � 2.45 at 3 months and to 10.35 � 2.8
at 6 months (P � .001) of treatment (Table 1). The men-
strual irregularity persisted or reappeared in 11 of 51 sub-
jects. The irregularity, however, was significant enough to
cause drug withdrawal in 2 patients only. The FG score
decreased from 13.65 � 2.72 at baseline to 10.27 � 2.50
at 3 months and to 9.56 � 2.29 at 6 months of therapy
(P � .02) (Table 1). Serum total T levels showed a signif-
icant (P � .001) decrease from a baseline of 2.98 � 1.86
nmol/L to 2.28 � 1.27 at 3 months and to 1.80 � 1.11 at
6 months (Table 1). Like metformin, fasting plasma glu-
cose did not change significantly; however, post-OGTT
glucose values and AUC-G showed a significant decrease
at 6 months. Plasma insulin levels and various OGTT-
derived insulin sensitivity indices (AUC-I, HOMA-IR,
QUICKI, Matsuda index, and FIGR) showed a significant
change (Table 2). There was no significant effect of spi-

ronolactone on BMI, WHR, LH, FSH, and diastolic BP
(Table 1).

Combination group (low-dose spironolactone and
metformin)

The combination of low-dose spironolactone and met-
formin increased the frequency of menstrual cycles from a
baseline value of 6.13 � 2.54 cycles/y to 9.30 � 3.08 (P �

.004) at 3 months and to 11.86 � 3.20 (P � .01) at 6
months of therapy. The FG score showed a significant
decrease at 3 and 6 months of treatment. The magnitude
of the fall was significantly higher than in the metformin
and spironolactone groups at 6 months of follow-up (P �

.05). There was a fall in serum total T levels with the
combination of both drugs, from a baseline value of
3.10 � 1.55 nmol/L to 2.19 � 1.17 at 3 months of treat-
ment and 1.58 � 0.74 at 6 months, which was significantly
higher than the metformin group as well as the spirono-
lactone group at 6 months of treatment (Table 1). There
was no significant effect on BMI, BP, LH, and FSH levels,
but there was a significant decrease in WHR by the end of
6 months (Table 1). The proportion of women with nor-
mal BMI (�25 kg/m2) and obese women (�25 kg/m2) was
similar in all 3 groups at baseline (P � .61). OGTT results
revealed a significant decrease in all 3 glucose values and
AUC-G by 6 months (Table 2). Plasma insulin levels dur-
ing OGTT showed a significant fall at 3 and 6 months of
treatment. Various insulin sensitivity parameters (AUC-I,
AUC-G/AUC-I, HOMA-IR, QUICKI, Matsuda index,
Reynaud’s index, Drivsholm index, and FIGR) showed
significant improvement at months 3 and 6. The combi-
nation was significantly superior to either drug alone in

Table 2. (Continued)

Spironolactone (n � 51) Metformin � Spironolactone (n � 62)

0 mo 3 mo 6 mo 0 mo 3 mo 6 mo

90.72 � 11.73 87.97 � 6.74 88.78 � 8.84 92.30 � 12.18 89.88 � 11.97 86.14 � 11.79b

152.61 � 21.84 147.12 � 19.39 139.71 � 21.41b 145.37 � 20.05 142.31 � 31.39 135.49 � 29.29b

133.55 � 29.63 128.94 � 17.73a 121.05 � 16.75b 137.68 � 20.86 128.39 � 25.62a 120.23 � 26.63b

15 960.0 � 1796 15 377.5 � 1356.0 14 720.0 � 1571.6b 15 665.8 � 1865.4 15 146.3 � 1386.0a 14 400.5 � 1413.6b,c,e

14.85 � 10.15 12.12 � 7.83 9.18 � 5.56b 16.50 � 9.32 12.07 � 8.19a 8.9 � 6.35b,c

80.23 � 54.56 61.20 � 24.01a 60.05 � 25.77b 70.78 � 45.07 60.44 � 35.52a 46.80 � 28.24b,c,d,e

45.94 � 32.50 46.26 � 34.46 38.59 � 34.71b,c 47.26 � 33.02 40.54 � 28.02b 32.23 � 20.82b,c,d,e

6568.14 � 4002.5 5473.20 � 2337.35a 5396.60 � 2582.5b 6497.81 � 3806.49 5413.80 � 3052.2a 4051.46 � 2191.5b,d,e

3.37 � 1.88 3.42 � 1.66 3.66 � 2.48b 3.18 � 1.77 3.38 � 1.68 4.95 � 2.73b,c

3.39 � 2.08 2.61 � 1.70a 2.56 � 1.90b 3.67 � 2.19 2.16 � 1.80a 1.96 � 1.47b,d,e

0.331 � 0.028 0.341 � 0.026 0.351 � 0.034b 0.330 � 0.022 0.349 � 0.027b 0.358 � 0.034b,c

4.83 � 2.67 5.61 � 2.73 6.46 � 3.13b 4.70 � 2.72 5.84 � 2.98 8.04 � 4.03b,c,d,e

3.82 � 4.59 4.59 � 2.85b 5.68 � 3.01c 3.08 � 1.51 4.42 � 2.32b 6.27 � 3.73b,c

8.68 � 4.95 9.39 � 6.86 11.85 � 8.61b 8.32 � 4.80 10.92 � 6.07b 13.59 � 9.04b,c,d,e

3.37 � 1.88 3.42 � 1.66 3.66 � 2.48b 3.29 � 1.77 3.83 � 1.98 4.95 � 2.73b,c,e
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terms of some glycemic (AUC-G) or insulin sensitivity
(AUC-I, HOMA-IR, Matsuda index, Drivsholm index)
parameters at 6 months (Table 2).

Adverse events
Adverse events such as vomiting (1 of 66), nausea (3 of

66), diarrhea (9 of 66), and hyperadrenergic symptoms (2
of 66) causing drug withdrawal in 3 subjects were re-
corded in the metformin group. Polyuria (4 of 66), ab-
dominal pain (1 of 66), menstrual irregularity (11 of 66),
and dryness of the mouth (2 of 66) were noted in the
spironolactone group, leading to drug withdrawal in 4
subjects. The increase in frequency of menses, although
with persisting/new onset irregularity (n � 11) with 50 mg
spironolactone used in the present study, was perceived
positively by these oligo-amenorrheic women and there-
fore affected drug compliance in 2 cases only. None of the
subjects had hyperkalemia. The adverse events of the com-
bination were not significantly high (2 nausea, 3 metror-
rhagia, 7 diarrhea, 1 abdominal pain), leading to drug
withdrawal in 2 of 66 cases. Therefore, major adverse
events leading to drug withdrawal were less in the com-
bination group (n � 2) than in the metformin (n � 3) and
spironolactone (n � 4) groups, suggesting better compli-
ance in the combination group.

Various grades of glucose intolerance improved in all 3
groups by the end of 6 months. Two subjects with DM and
5 with impaired glucose tolerance (IGT)/impaired fasting
glucose (IFG) remained in the combination group at the
end of the study, out of the 4 DM and 9 IGT/IFG subjects
detected at baseline. The effect was similar in the met-
formin group (4 DM and 10 IGT/IFG subjects at baseline
and 2 DM and 6 IGT/IFG at 6 mo) and the spironolactone
group (5 DM and 9 IGT/IFG subjects at baseline and 3 DM
and 5 IGT/IFG at 6 mo).

Discussion

This is the first study comparing the efficacy of low-dose
spironolactone in combination with metformin in women
with PCOS. The study was carried out for a period of 6
months in an open-label manner. The key findings suggest
superior efficacy (menstrual cyclicity, FG score, serum to-
tal T, insulin sensitivity, and compliance) of low-dose spi-
ronolactone and metformin over either drug alone in the
management of PCOS, without increasing the adverse
event rate.

Metformin, a known insulin sensitizer, is now consid-
ered the first-line drug in the management of women with
PCOS (15, 33). It is also known to directly reduce andro-
gen synthesis from ovaries (19). Administration of met-

formin (1g/d) to women with PCOS in the present study
increased menstrual cyclicity and hirsutism score, de-
creased serum total T levels, and improved insulin sensi-
tivity at 3 and 6 months of therapy, which was similar to
our earlier observations (10) and findings reported by
other researchers (17, 18, 34, 35). No significant benefit
on BP, BMI, WHR, LH, and FSH levels was observed in
the present study. The observed findings are similar to
previous observations (36). However, the dose used in
most of the studies was higher. In contrast, other research-
ers have shown a decrease in body weight, BMI, waist
circumference, WHR, and gonadotropins (37).

Spironolactone, an antiandrogen administered at a
dose of 50 mg/d in this study, also improved menstrual
cyclicity and hirsutism score and decreased serum total T
levels and insulin resistance parameters. The beneficial
effects of spironolactone in this study are comparable to
that of metformin and are in agreement with our previous
observations (10). Our study reiterates the beneficial effect
of spironolactone in lowering the serum total T levels and
improving thehirsutismscoreasobservedbyus earlier and
by other authors (10, 38). Although the spironolactone
scores over metformin for benefits in hirsutism, the effi-
cacy was similar for most other parameters. The data on
spironolactone in the management of PCOS is scanty, and
only a few studies have analyzed the effect of spironolac-
tone on metabolic abnormalities in these subjects. Zulian
et al (39), using 100 mg/d spironolactone, showed im-
provement in lipid profile and insulin sensitivity in over-
weight subjects and no negative changes in insulin secre-
tion and sensitivity in lean subjects. Studen et al (11), using
a similar dose (100 mg/d) for a period of 6 months, showed
improvement in serum cholesterol and endothelial func-
tion. Because spironolactone is known to induce men-
strual irregularities at higher doses, it is primarily used to
treathirsutism,acne, andandrogenic alopecia.Thus, there
is limited experience in PCOS as compared to that of met-
formin. There was no significant benefit on BP, BMI,
WHR, LH, and FSH levels as demonstrated by other stud-
ies (7). Vĕtr and Sobek (38) showed a fall in serum LH
levels with a similar dose of spironolactone. The combined
therapy of low-dose spironolactone with metformin or
spironolactone alone in the present study, as well as in our
previous study (14), demonstrates higher acceptability of
the drug in women with PCOS because it did not induce
any significant menstrual irregularities to affect the patient
compliance.

The purpose of combining antiandrogens to metformin
has been to improve the efficacy in various components of
PCOS (26–29, 40–42). Ibáñez and de Zegher (29), using
the combination of metformin and flutamide, showed the
superior benefit of the combination over either drug alone.

3604 Ganie et al Combination Spironolactone and Metformin in PCOS J Clin Endocrinol Metab, September 2013, 98(9):3599–3607

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/98/9/3599/2833089 by guest on 21 August 2022



However, there are no studies combining metformin with
spironolactone, but cyproterone acetate with or without
OCPs with metformin has been shown to increase the ef-
ficacy on various components of PCOS (25–29, 40, 41). In
the present study, the combination of low-dose spirono-
lactone and metformin improved menstrual cyclicity, hir-
sutism score, serum total T levels, and insulin sensitivity
parameters in women with PCOS. Although increased fat
mass is known to induce clinical and metabolic abnor-
malities in women with PCOS, in this study there was no
significant difference in various anthropometric parame-
ters at baseline, nor did any change in body weight and
BMI manifest during the 6-month study period. The sig-
nificant decrease in WHR in the combination group after
6 months of follow-up could partly explain the beneficial
effect of the combination on menstrual cyclicity or various
metabolic aberrations. Moreover, Kebapcilar et al (40)
demonstrated the positive benefits of spironolactone plus
ethinyl estradiol (EE)/cyproterone acetate on metabolic
parameters, insulin sensitivity, and coagulation parame-
ters, although inferior to the metformin-EE/cyproterone
acetate combination. Harmanci et al (42) demonstrated in
a recent study that a spironolactone plus EE/drospirenone
combination improved androgen levels without any ad-
verse effect on obesity, glucose tolerance, and lipids. This
combination, however, increased serum high-sensitivity
C-reactive protein and homocysteine levels, which can be
attributed to the estrogen component of the combination.
The combination may therefore be suitable for women not
desiring pregnancy or women with increased cardiometa-
bolic risk because, theoretically, the use of OCPs may be
responsible for worsening of already existing cardiovas-
cular risk in women with PCOS. The addition of spirono-
lactone to metformin in the present study had no signifi-
cant effect on weight, BMI, and BP, but there was a small
change in WHR.

In our study, the 1- and 2-hour post-OGTT glucose
values showed a decreasing trend in all 3 groups, but the
effect was significant with the combination as compared
to spironolactone for AUC-G. Insulin sensitivity calcu-
lated by HOMA-IR, Matsuda index, and AUC-I improved
at 6 months in all 3 drug groups, but the benefit was su-
perior in the combination group. This interesting obser-
vation of improved insulin sensitivity with spironolac-
tone, although to a lesser extent than metformin, is similar
to our earlier observation (10). On the contrary, some
authors demonstrated no effect on insulin sensitivity (11,
39). Moreover, combination of low-dose spironolactone
and metformin improved insulin sensitivity to a magni-
tude superior to either drug alone. Previous studies com-
bining metformin with other antiandrogens failed to dem-
onstrate this important finding (28, 43). Because the

precise etiology of PCOS is unknown, insulin resistance
and hyperandrogenism are 2 major cardinal pathophysi-
ological derangements in these women. In women with
PCOS, insulin resistance leading to hyperinsulinemia af-
fects approximately 65–70%, whereas hyperandrogenism
is demonstrable in 70–75%, suggesting that both of these
principal pathophysiological mechanisms are not univer-
sal in all of them (7, 44). Therefore, the use of insulin
sensitizers or antiandrogens alone can justify the rationale
of monotherapy in most but not all women with PCOS.
Whether insulin resistance and hyperandrogenism have a
cause-and-effect relationship is also not clear. Accord-
ingly, the beneficial effect of spironolactone on insulin
sensitivity raises the possibility of hyperandrogenism as
the cause of insulin resistance. Further studies are required
to explore the mechanism at the molecular level to under-
stand whether this effect is specific to spironolactone or
secondary to the fall in androgens. Based on the study
results, it may be postulated that insulin resistance and
androgen excess are 2 different components of PCOS, and
addressing both components simultaneously translates
into superior clinical benefits in women with PCOS not
desiring fertility. As a routine practice in our clinics, the
diet and exercise counseling was administered to all the
subjects before randomization and was reinforced at each
visit throughout the study period. Because there was no
placebo arm in the present study, it is possible that some
of the clinical benefits were due to lifestyle modification.
Because the lifestyle modification was similar in all 3
groups, its impact could be similar.

The most important finding of the study is that the
combination of small dose spironolactone and metformin
improved the efficacy and compliance without any in-
crease in adverse events. The increased efficacy in terms of
increased frequency of menstrual cyclicity by spironolac-
tone alone or the combination in these oligo-amenorrheic
women can be one of the reasons for better compliance.

To our knowledge, this is the first study demonstrating
that, compared to monotherapy, the combination of a low
dose of spironolactone with metformin augments the clin-
ical benefits and improves treatment outcomes in women
with PCOS without an increase in the adverse event rate.
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