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Introduction

Polycystic ovarian syndrome (PCOS) is the most common 
endocrine disorder in women of  reproductive age group. 
PCOS is characterized by hyperandrogenic chronic anovulation, 
dysfunctional uterine bleeding, and altered ovarian morphology.[1] 
PCOS is a chronic disorder with long-term reproductive and 
metabolic consequences. Insulin resistance (IR) is an invariable 
component of  the PCOS, and few researchers have reported 
the metabolic differences between the obese and lean PCOS 

patients.[2] The pathophysiology of  PCOS is complex precluding 
clear-cut guidelines on the management. The management 
approach varies as per the age and the presenting complaint of  
the patients.[3] Moreover, there is a wide variation in the approach 
toward PCOS between the Endocrinologists, Gynecologists, 
and Dermatologists. The commonly used drugs in the PCOS 
include insulin sensitizers, oral contraceptive pills (OCP), and 
anti-androgens.[4]

The need for prolonged drug therapy poses an enormous 
psychological burden on the young females and their parents. 
A holistic view of  therapy is required and involvement of  
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the patient in selecting the therapy helps in improving the 
compliance. The previous reports have given conflicting results 
about the clinical, hormonal, and reproductive outcomes.[5-7] 
The observed variation in the results is a source of  confusion 
that prompted the researchers to look at alternate therapeutic 
options. They include the use of  Vitamin D, Acarbose, Berberine, 
pioglitazone and other preparations which are under various 
phases of  evaluation.[8-10] A limited number of  studies exist from 
our country regarding the effects of  the commonly used drugs in 
the management of  PCOS.[11,12] Hence, we conducted this study 
to determine the effect of  metformin and OCP either alone or 
in combination in women with PCOS.

Materials and Methods

Study population
We conducted this randomized, controlled, prospective 
interventional study in a tertiary care, teaching hospital of  
the armed forces. The participants were recruited from the 
endocrinology/medicine/gynecology clinic of  our hospital. We 
included 90 newly diagnosed patients with PCOS (aged between 18 
and 40 years, symptom duration >6 months, premenopausal, and 
normal thyroid function) in this study. We excluded patients with 
a history of  using any drug therapy (insulin sensitizers, hormone 
therapy, calcium, and Vitamin D), use of  other drugs that affect the 
body composition and androgen levels (insulin, glucocorticoids), 
and pregnancy or lactation. The patients were divided into 
three groups using a computer-generated random sequence 
numbering based on the intervention received: Group 1 (OCP), 
Group 2 (Metformin), and Group 3 (Metformin + OCP). All 
the patients were explained about healthy lifestyle measures and 
dietary advice to reduce weight. All patients provided informed 
consent after receiving detailed counseling about the nature and 
conduct of  the study procedures. The study was approved by the 
Institutional Ethics Committee as part of  the postgraduate thesis 
conducted in our department.

Study measures
Clinical data were collected from the participants including 
demographic details such as age, presenting complaints (hirsutism, 
menstrual history, and symptoms of  androgen excess), and 
dietary history (special reference to the daily calorie intake) 
and drug history (nutritional and vitamin supplements). Weight 
was recorded on a digital weighing scale using OMRON HN 
286 (Omron Corporation, Kyoto, Japan with a sensitivity of  
100 g), height by using a SWWS05 stadiometer (Multicare 
Company, Delhi, India with a sensitivity of  0.1 cm), and body 
mass index (BMI) was calculated as weight in kilograms divided 
height in meters squared. A detailed general examination 
was conducted for the identification of  temporal balding, 
acne, hirsutism (scored by the Ferriman and Gallwey system), 
lipodystrophy, acanthosis nigricans, and skin tags. The details of  
the study procedure and their interventions are given in Figure 1. 
The starting dose of  the metformin was 500 mg/day, which was 
increased up to 2000 mg/day gradually over 1 month time. The 

OCP used was a standard combination pill comprising of  the 
ethinyl estradiol 35 mcg and cyproterone acetate 2 mg.

Study interventions
Fasting venous blood samples were collected after an overnight fast 
for >12 h and analyzed for hematological and biochemical parameters. 
They include glucose, insulin, lipid profile (total cholesterol, 
triglycerides [TG], high-density lipoprotein cholesterol, and 
low-density lipoprotein cholesterol), hormonal profile (luteinizing 
hormone, follicle-stimulating hormone, dehydroepiandrosterone 
sulfate, and testosterone) and inflammatory markers (high sensitivity 
C-reactive protein, fibrinogen, and ferritin). Plasma glucose was 
estimated by the glucose oxidase method and the coefficients of  
variation for all biochemical tests were <10% in our laboratory. 
Body fat percentage and android/gynoid ratio were determined 
in the fasting state at the same time of  the day using dual-energy 
X-ray absorptiometry (DEXA) (Hologic QDR 2000, Hologic®, 
Bedford, MA 01730, USA) technique. The local ethics committee 
approved the study protocol, and all patients provided written 
informed consent. The patients were followed up every month 
in the OPD for a total period of  6 months. All the biochemical 
parameters and the DEXA scan have been repeated at the end of  
6 months of  therapy.

Study definitions
We used the Rotterdam criteria for the diagnosis of  PCOS.[13] 
Acanthosis nigricans was graded as per the classification given 
by Burke et al.[14] The severity of  acne was graded as per the 
Global Acne Grading System.[15] In this study, we considered 
the HOMA-IR >3 as suggestive of  IR.[16]

Statistical analysis
Data are presented as mean, standard deviation, and descriptive 
statistics were used for the data analysis. ANOVA test and 

Figure 1: Flow diagram of the study
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Chi-square test were used to compare the data between the 
groups. A two-tailed P < 0.05 was considered statistically 
significant for all the tests, and the statistical analysis was done 
using the GraphPad Prism Software, Version 6 (Graph Pad 
Software, San Deigo, CA, USA).

Results

The study population had a mean age 23.2 ± 4.4 year and BMI 
of  28.4 ± 6.1 kg/m2. The baseline demographic and clinical 
parameters of  the three groups were given in Table 1. Menstrual 
irregularities, hirsutism, and weight gain were the most common 
presenting symptoms in all the three groups. Briefly, all the 
three groups were comparable in the clinical presentation and 
the symptomatology. However, patients in Group 3 had higher 
BMI and IR in comparison to other groups. The entire study 
population falls into the obese category and had significant 
hirsutism. Other hormonal, inflammatory and body composition 
parameters were not significantly different between the three 
groups. The observed changes in all the clinical parameters are 
shown in Figure 2. Menstrual irregularity and hirsutism improved 
significantly in all the groups. Group 2 (Metformin alone) showed 
an insignificant improvement in reducing the number of  patients 
with severe hirsutism. The grade of  acanthosis was not changed 
significantly in any of  the groups.

The observed changes in clinical, biochemical, hormonal, 
inflammatory, and body composition markers are given in 
Table 2. Briefly, the data suggests that the use of  OCP resulted in 
reduction of  hirsutism, IR, and increases the body fat percentage. 
The use of  metformin alone has resulted in the reduction 
of  all parameters including hyperandrogenism, dyslipidemia, 

inflammation, and body fat. The combination group also has 
shown similar results akin to that of  the Group 2. The body 
weight was not significantly different in all the three groups 
after 6 months of  intervention and lifestyle advice. The use of  
metformin has resulted in a definite trend toward changing the 
metabolic milieu of  the patient. None of  the patients developed 
significant adverse effect to the given therapy. Two patients 
developed transient gastrointestinal intolerance with metformin 
and one patient developed a self-limiting rash after OCP.

Discussion

Our study showed that treatment with OCP has resulted in 
significant reduction in hyperandrogenism with worsening of  
lipid profile, IR, and body composition. Metformin has shown 
improvement in lipid profile, IR, inflammatory markers, and a 
favorable change in the body composition. The combination 
of  metformin and OCP also showed similar beneficial results. 
Our data have shown that metformin is comparable to OCP 
in restoring the menstrual pattern, unlike previous studies.[17,18] 
This discrepancy could be due to the high prevalence of  the 
IR in our patients, which is ameliorated using metformin. The 
use of  OCP has shown beneficial effects on the hirsutism and 
acne when compared to metformin as reported earlier.[19] This 
is because the OCP reduces the free androgen levels by multiple 
mechanisms.[20] The use of  metformin alone has not been shown 
to significantly reduce the hirsutism akin to the previous studies 
on the subject.[6,17] The effect of  acne has also been noted 
maximum with the use of  the combination therapy. There was 
no significant change observed in the severity of  the acanthosis 
in our data. This could be due to the small sample size and also 
the limited follow-up duration of  6 months only.

Table 1: Comparison between three groups regarding the baseline demographic and biochemical parameters
Feature Units Group 1 (n=30) OCP Group 2 (n=30) Metformin Group 3 (n=30) OCP + MF P
Age Years 22.9 (5)* 22 (5.2) 24.1 (5.9) 0.6432
Body weight kg 66.73 (12.4) 68.45 (14.34) 75.53 (13.9) 0.0144
BMI kg/m2 26.15 (4.9) 27.14 (6) 30.10 (5.5) 0.0423
Waist circumference cm 89.10 (8.6) 91.7 (10.1) 97.57 (11.9) 0.0122
Waist-hip ratio Value 0.89 (0.05) 0.90 (0.05) 0.92 (0.05) 0.2822
Hirsutism score Value 9.23 (4.4) 7.97 (4.4) 7.80 (3.9) 0.3434
TC mg/dL 158.23 (32.8) 163.83 (37.5) 192.77 (37.3) 0.1216
TG mg/dL 113.37 (46.2) 137.93 (66.8) 179.33 (70.9) 0.0144
LDL-cholesterol mg/dL 94.63 (26.5) 97.03 (30.7) 115.40 (30.9) 0.0322
HDL-cholesterol mg/dL 41.90 (11.3) 39 (9.5) 41.33 (11) 0.7674
Fasting plasma glucose mg/dL 89.73 (7.1) 90.67 (11) 98.90 (26.4) 0.4432
Fasting insulin µIU/mL 13.3 (5.7) 14.63 (7.2) 17.92 (8.9) 0.0422
HOMA-IR Value 2.93 (1.2) 3.26 (1.6) 4.36 (2.5) 0.0326
Testosterone ng/mL 0.79 (0.42) 0.85 (0.36) 0.71 (0.36) 0.3432
DHEAS µg/dL 271.03 (118.3) 229.55 (93.3) 225.46 (120.9) 0.7884
hs-CRP mg/L 4.01 (1.6) 4.52 (1.93) 5.11 (2.5) 0.2236
Fibrinogen mg/dL 343.9 (60) 343.16 (90.3) 385.63 (92.5) 0.4438
Ferritin ng/mL 16.72 (14.2) 20.68 (15.4) 30.63 (25.5) 0.6754
Total body fat % 41.43 (9.3) 38.70 (4.71) 40.44 (5.2) 0.5468
Percentage android/percentage gynoid fat Ratio 0.95 (0.11) 0.95 (0.11) 0.95 (0.13) 0.2164
*Mean (SD). OCP: Oral contraceptive pills; BMI: Body mass index; TC: Total cholesterol; TG: Triglycerides; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; HOMA-IR: Homeostasis model 
assessment-insulin resistance; DHEAS: Dehydroepiandrosterone sulfate; hs-CRP: High-sensitivity C-reactive protein; SD: Standard deviation
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Previous studies have shown variable effects on the body weight 
and BMI with any of  the interventions in PCOS.[21] Our data 
also did not show any significant changes in these parameters. 
Lifestyle modification plays a major role in losing weight and 
is difficult to follow over a prolonged period. Few studies have 
shown that patients using metformin have lost weight whereas 
those using OCP have gained weight.[22] However, our data did 
not show any such discrepant observation. In our study, all the 
patients lost weight at the end of  6 months, except those in the 
Group 1, albeit not significantly. This could be explained by 

the continuous emphasis of  lifestyle measures and also being 
armed forces service hospital which emphasizes good lifestyle 
measures routinely.

Our data on the lipids have shown that the use of  OCP resulted 
in slight worsening of  the lipid profile which is offset by the 
combination with Metformin. The use of  metformin has 
improved the lipids by improving the IR. TG showed maximum 
reduction in Group 3 due to a high-baseline value. Our study 
showed that the testosterone changes were comparable between 

Table 2: Comparison of all three groups at baseline and after 6 months of therapy
Features Units Group 1 

(n=30) 
Before

Group 1 
(n=28) 
After

P 
Value

Group 2 
(n=30) 
Before

Group 2 
(n=30) 
After

P 
Value

Group 3 
(n=30) 
Before

Group 3 
(n=29) 
After

P 
Value

Body weight kg 66.7 (12.4)* 69.3 (12.4) 0.2343 68.5 (14.3) 66.6 (13.8) 0.2345 75.5 (13.9) 74.1 (14.1) 0.4346
BMI kg/m2 26.2 (4.9) 27.3 (5) 0.2733 27.1 (5.9) 26.5 (5.9) 0.3834 30.1 (5.5) 29.5 (5.5) 0.6782
Hirsutism score Value 9.2 (4.4) 5.8 (3.3) <0.001 7.9 (4.4) 7.3 (3.9) <0.001 7.8 (3.9) 4.6 (2.8) <0.001
Total cholesterol mg/dL 158.2 (32.8) 164.3 (32.8) 0.7643 163.8 (37.5) 160.7 (35.4) <0.001 192.8 (37.3) 187.2 (33.6) <0.001
Triglycerides mg/dL 113.4 (46.2) 134.1 (43.6) <0.001 137.9 (66.8) 123 (60.5) <0.001 179.3 (70.9) 171 (60.4) 0.1218
LDL-cholesterol mg/dL 94.6 (26.5) 95.8 (26.3) 0.8986 97 (30.7) 95.1 (28.9) 0.2344 115.4 (30.9) 111.8 (27.2) 0.4486
HDL-cholesterol mg/dL 41.9 (11.3) 40.7 (8.6) 0.6678 39 (9.5) 41.7 (11.7) 0.4456 41.3 (11) 41.5 (8.5) 0.6689
Fasting plasma glucose mg/dL 89.7 (7.1) 94.4 (7.1) <0.001 90.7 (10.9) 87.5 (8.2) <0.001 98.9 (26.4) 91.1 (9.5) 0.1092
Fasting insulin µIU/mL 13.3 (5.7) 14.2 (5.7) <0.001 14.6 (7.2) 11.4 (5.4) <0.001 17.9 (8.9) 14.3 (5.6) <0.001
HOMA-IR Value 2.93 (1.2) 3.3 (1.4) <0.001 3.3 (1.6) 2.4 (1.1) <0.001 4.4 (2.5) 3.3 (1.4) <0.001
Testosterone ng/mL 0.79 (0.4) 0.63 (0.33) <0.001 0.85 (0.36) 0.81 (0.34) 0.2236 0.71 (0.36) 0.59 (0.28) <0.001
DHEAS µg/dL 271.3 (118.2) 233.1 (111.2) <0.001 229.6 (93.3) 214.2 (85.6) <0.001 225.5 (120.9) 192.6 (92.6) <0.001
hs-CRP mg/L 4 (1.6) 4.2 (1.5) 0.1096 4.5 (1.9) 3.7 (1.52) <0.001 5.1 (2.5) 4.5 (2.1) <0.001
Fibrinogen mg/dL 343.9 (59.6) 361.5 (51.8) <0.001 343.2 (90.3) 298.3 (52.3) <0.001 385.6 (92.5) 345 (68.9) <0.001
Serum ferritin ng/mL 16.7 (14.2) 17.5 (13.7) 0.3453 20.7 (15.4) 17.5 (12.7) <0.001 30.6 (25.5) 27.5 (22) <0.001
Total body fat % 41.4 (9.3) 42.3 (9.1) <0.001 38.7 (4.7) 38.2 (4.7) <0.001 40.4 (5.2) 40.1 (5.4) <0.001
Percentage android/gynoid fat Ratio 0.95 (0.11) 0.98 (0.13) <0.001 0.95 (0.11) 0.94 (0.1) <0.001 0.95 (0.13) 0.94 (0.12) 0.5656
*Mean (SD). BMI: Body mass index; HOMA-IR: Homeostasis model assessment-insulin resistance; DHEAS: Dehydroepiandrosterone sulfate; hs-CRP: High-sensitivity C-reactive protein

Figure 2: Changes in the clinical parameters in Groups 1 (a) 2 (b) and 3 (c) before and after therapy

c
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the OCP and metformin groups. Metformin improves the 
IR, alters the sex hormone binding globulin and reduces the 
androgen level.[23] In accordance with previous studies, our data 
suggested that the metformin resulted in reduction of  the insulin 
levels and HOMA-IR.[24] This could also be contributed by the 
improvement in the lifestyle and regular exercise. The use of  
metformin has blunted the observed rise in the IR with the use 
of  OCP in our subjects. The reduction in inflammatory markers 
is observed maximum in the groups that used Metformin, which 
has a potent anti-inflammatory action also.[25] Our study has also 
demonstrated that the use of  metformin has improved the body 
composition and reduced the body fat percentage in comparison 
to OCP.[26] The strengths of  our study include randomized design 
with a robust follow-up and comprehensive evaluation of  all the 
parameters. However, the limitations include small sample size, 
limited period of  observation, and lack of  a control arm.

Conclusion

Our study suggests that the addition of  metformin has resulted 
in significant beneficial changes over the use of  OCP alone in 
PCOS. Further studies with large sample size and long-term 
observation are required to support our findings.
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