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INTRODUCTION 

Polycystic ovary syndrome (PCOS) is one of the common 

causes of infertility in women and it affects 6-10% of 

reproductive age.1 The adverse clinical features of PCOS 

include irregularities in menstrual cycles, androgen 

excess symptoms, fat deposition and obesity.2,3 Simply by 

looking at the number of polycystic ovaries or clinical 

manifestations of hyperandrogenism, studies which focus 

on pregnancy as a primary outcome with anovulation as 

the identifying symptom has good clinical impact.4 

Regular menstrual cycles and hyperandrogenism women 

are at higher risk of insulin resistance as compared with 

irregular menstrual cycles and chronic hyperandrogenism 

and/or polycystic ovary disease.5,6 

Women with metabolic features such as 

amenorrhea/chronic oligomenorrhea in comparision with 

regular menstrual cycles have to be stratified in PCOS, 

those studies are very essential to conduct and execute in 

clinical setting. There is no higher abnormal androgen in 

circulating blood with PCOS and large proportion of 

patients has been reported.7,8 PCOS management is 

uncertain and main focus of drug therapy to be 
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amelioration of the clinical features. Pregnancy can be 

achieved if effectively restrain the ovulatory cycles is the 

main aim of the treatment in PCOS.9 

Several published randomized clinical have been reported 

that metformin 500 mg TDS per day or 850 mg BDS per 

day with meals shows effective as menstrual regularity, 

increases the frequency of spontaneous ovulation, and 

ovulatory response to clomiphene in women with 

PCOS.10,11 However, efficacy and safety of long term use 

of insulin-sensitizing agents like metformin is not 

recommended due to lack of evidence.12 

Calcium role in oocyte activation and maturation have 

been established in recent animal experiments which 

further helps in restarts and progression of follicular 

development.13 A study conducted by Steinhardt et al in 

1974 reported that calcium have beneficial and universal 

role in egg activation and maturation.14 From there, 

mammalian oocytes take the calcium and involved in the 

regulation of both mitotic and meiotic cell divisions 

which gain the interest in recent times.15 The importance 

of calcium as discussed above in terms of oocyte 

activation and maturation, hence, disturbance in the 

homeostasis of calcium may contribute the pathogenesis 

of PCOS.16 It is a fact that several previous studies also 

suggested that vitamin D also plays a crucial role in 

reproductive functions. Ovaries and testis expressed and 

up-regulated vitamin D receptor suggesting that vitamin-

D is active in these organs.17 With this background, the 

present study aimed to investigate the effects of 

metformin and calcium-vitamin D on follicular 

maturation and regularity of menstrual cycles were 

investigated in PCOS patients.  

METHODS 

A prospective, open-label, multiple arms, randomized 

clinical trial was conducted at Department of Obstetrics 

and Gynecology, Maharaja Institute of Medical Sciences, 

Vijayanagaram, Andhra Pradesh during the period of 

August 2019 to July 2020. The present study was 

approved by scientific committee as well as Institutional 

Ethics Committee and informed consent was obtained 

from all of the study participants before commencement 

of the study. Study was conducted according to the 

Declaration of Helsinki. 

The present study enrolled 60 infertile women aged 

between 21-35 years old who met the Rotterdam criteria 

for PCOS.  

Inclusion criteria 

Patients were included in the study according to the 

Rotterdam criteria with the presence of at least two or 

three characteristics mentioned here: (1) oligomenorrhea/ 

amenorrhea (2) biochemical or clinical findings of 

hyperandrogenism, and (3) transvaginal sonography 

findings of polycystic ovaries.  

Exclusion criteria 

The following patients with systemic diseases were 

excluded from the study suchas hyperparathyroidism, 

Cushing’s syndrome, hyperprolactinemia, history 

ofabdominal/pelvic surgery, androgen secreting tumors, 

abnormal hysterosalpingography, coexisting male 

infertility. 

After recruiting the study subjects, we performed 

extensive and elaborative personal interview to ascertain 

their baseline demographic details. A questionnaire has 

been prepared then standardized for their use to get the 

dietary habits. Subsequent we underwent through 

physical and clinical examinations which includes 

biochemical hormonal analyses and radiological 

sonography. Endocrine diagnostic tests were also 

included to rule out the further etiology including 

thyroid-stimulating hormone, serum levels of prolactin, 

follicle-stimulating hormone, luteinizing hormone, serum 

and urinary levels of calcium. On day three of the 

menstrual cycle, transvaginal sonography was done to 

access the baseline details. Every three days from day 

eight of menstruation again same transvaginal 

sonography was performed to determine the follicular 

growth until at least one dominant follicle (14 mm) 

appearance.  

Study participants were allotted to three groups of 20 

participants each using computer generated 

randomization table. Group 1 participants received 1,000 

mg of calcium and 400 IU of vitamin D as a single 

formulation in two dividing doses (500 mg calcium and 

200 IU vitamin-D- morning and night) per day, orally. 

Group 2 participants received 1,500 mg of metformin per 

day, orally (500 mg tablet in three dividing doses). Group 

3 participants received 1,000 mg of calcium+400 IU of 

vitamin D plus metformin 1,500 mg/day, orally. All 

tablets were advised to be taken orally with plenty of 

water. Drug therapy was started on the first day of 

menstrual cycle and continued for 3 consecutive months. 

Once drug treatment completed, study participants were 

followed up next 3 months. 

Menses regularity i.e. 21-35 days interval, follicular 

growth from 3rd month to 6th month was compared among 

the study groups. Based on the size of the follicle, follicle 

growth was categorized into three groups such as no 

response (5-9 mm), borderline (10-14 mm) and large 

(≥14 mm) at mid-cycle by using transvaginal sonography. 

Data analysis was performed using SPSS version 11 

(SPSS Inc., Chicago, IL, USA). All descriptive statistics 

were showed as percentages, mean and standard 

deviation. Difference in baseline demographics among 

study groups was analyzed by analysis of variance 

(ANOVA) test. Regularity pattern of menstrual cycles 

and follicular growth at different intervals was analyzed 

by using chi-square test. P<0.05 set as a statistically 

significant.  
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RESULTS 

A total of sixty infertile women with PCOS were 

recruited and conducted the study. Baseline patient 

demographic details were showed in Table 1. Their mean 

age was 25.91±4.36 years, and body mass index (BMI) 

was 24.98±3.64. Among the three study groups, ANOVA 

did not showed significance difference which was 

showed in Table 1 (p=0.595 and p=0.623). More than 

65% of study participants were consuming below the 

recommended daily allowance of dairy products. 

Carbohydrates and proteins are taking as per 

recommendations. Mean duration of infertility was 

4.6±2.5 years. Both mean plasma (9.50±1.36 mg/dl) and 

urinary (184.34±40.23 mg/dl) calcium levels were within 

the normal range (8.6-10.2 mg/dl for plasma and 50-300 

mg/dl urinary samples, respectively). Around 80-90% 

and 10-15% of women had a history of oligomenorrhea 

and amenorrhea in the past 6 months prior to recruiting 

the study (Table 1) and there is no significant difference 

between among all study groups.  

 

Table 1: Patients’ characteristics. 

Variable 
Group 1 

(Ca-D; n=20) 

Group 2 

(met; n=20) 

Group 3 (Ca-D 

+ met; n=20) 
Total P value 

Age (years)  26.14±4.5 25.12±4.1 26.48±4.5 25.91±4.36 0.595 

BMI  24.34±3.32 25.24±3.85 25.36±3.74 24.98±3.64 0.623 

Duration of infertility (years)  4.5±2.5 4.9±2.8 4.4±2.2 4.6±2.5 0.802 

Plasma calcium (mg/dl)  9.24±1.3 9.90±1.5 9.36±1.3 9.5±1.36 0.276 

Urinary calcium (mg/dl)  184.26±40.21 188.12±42.14 180.78±38.36 184.38±40.23 0.847 

FSH (mIU/ml)  5.26±1.28 5.12±1.08 5.01±1.00 5.13±1.12 0.782 

LH (mIU/ml)  9.95±3.24 10.14±3.78 9.81±3.12 9.96±3.38 0.953 

Prolactin (mg/ml)  240.10±48.18 226.64±42.26 248.13±49.08 259.41±46.50 0.345 

Type of infertility, n (%) 

Primary 16 (80)  15 (75) 16 (80) 47 (78.3) 
0.906 

Secondary 4 (20) 5 (25) 4 (20) 13 (21.7) 

Oligomenorrhea, n (%) 

Yes 18 (90)  19 (95)  18 (90) 55 (91.6) 
0.803 

No 2 (10) 1 (5) 2 (10) 5 (8.4) 

History of oligomenorrhea (in last 6 months), n (%) 

Yes 17 (85)  18 (90) 16 (80) 51 (85.0) 
0.675 

No 3 (15) 2 (10)  4 (20) 9 (15.0) 

Amenorrhea, n (%) 

Yes 3 (15)  5 (25) 2 (10) 10 (16.6) 
0.431 

No 17 (85) 15 (75) 18 (90) 50 (83.4) 

History of amenorrhea (in last 6 months), n (%) 

Yes 4 (20)  5 (25) 4 (20) 13 (21.6) 
0.906 

No 16 (80) 15 (75) 16 (80) 47 (78.4) 

Data are presented as mean±standard deviation and number with percentages; ANOVA and Chi-square tests were used to calculate 

the p values. BMI = Body mass index; Ca-D = calcium-vitamin D; Met = Metformin; FSH = follicle-stimulating hormone; LH = 

luteinizing hormone 

Table 2: Regularity pattern of menstrual cycles after treatment in the treatment groups. 

Menses pattern Group 1 (Ca-D; n=20) Group 2 (met; n=20) Group 3 (Ca-D + met; n=20) 

Before treatment 

Regular:irregular 2 (10):18 (90)  1 (5):19 (95) 1 (5):19 (95) 

After treatment 

Regular:irregular 5 (25): 15 (75) 6 (30): 14 (70) 12 (55): 8 (45) 

% improvement 15 25 50 

P value <0.001 

Chi-square tests were used to calculate the P-values. Ca-D = calcium-vitamin D; Met = Metformin. 

 

After third month of the drug treatment, women showed 

menstrual regularity which was estimated as percentage 

of improvement 15%, 25% and 50% of women in Group 

1, 2 and 3 respectively (Table 2). Group 3 treated patients 

with calcium-vitamin D + metformin showed highest 

percentage improvement (50%) in terms of menstrual 
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regularity as compared to other two groups. Chi-square 

test showed statistical significance (p<0.001) among 

three study groups. 

Table 3: Follicular growth after treatment in the 

treatment groups. 

Follicular 

response 

Group 1 

(Ca-D; 

n=20) 

Group 2 

(met; 

n=20) 

Group 3 

(Ca-D + met; 

n=20) 

At third month 

No 18 (90%)  19 (95%) 15 (75%) 

Borderline (10-14 

mm)  
2 (10%) 0 (0) 2 (10%) 

Yes (≥14 mm)  0 (0) 1 (5%) 3 (15%) 

At fourth month 

No 18 (90%)  18 (90%) 15 (75%) 

Borderline (10-14 

mm)  
2 (10%) 1 (5%) 1 (5%) 

Yes (≥14 mm)  0 (0) 1 (5%) 4 (20%) 

At fifth month 

No 17 (85%)  16 (80%) 12 (60%) 

Borderline (10-14 

mm)  
1 (5%) 3 (15%) 2 (10%) 

Yes (≥14 mm)  2 (10%) 1 (5%) 6 (30%) 

At sixth month 

No 16 (80%)  13 (65%) 10 (50%) 

Borderline (10-14 

mm)  
1 (5%) 3 (15%) 3 (15%) 

Yes (≥14 mm)  3 (15%) 4 (20%) 7 (35%) 

Ca-D = calcium-vitamin D; Met = Metformin. 

Follicular response and their growth after drug treatment 

were showed in Table 3. Treatment with calcium-vitamin 

D + metformin showed significant follicular response 

(p<0.014) compared to group 1 (calcium-vitamin D 

treated) and group 2 (metformin treated). If group 2 

compared to group 1, follicular response is relatively 

higher in group 2 but not statistically significant (p<0.13). 

The likelihood of treatment response was about thrice as 

high in Group 3 as in Group 1 (odds ratio, 3.21). At fifth 

and sixth month follow-up period, group 3 showed 

relative higher frequency of follicular response then in 

other two groups. A total of 30% of women in group 3 

showed high quality large (≥14 mm) follicles at the end 

of sixth month of follow-up (Table 3). In any of the study 

groups, pregnancy did not observed at the end of sixth 

month follow-up period. 

DISCUSSION 

Among several female endocrine disorders, PCOS is 

identified as one of the most common disorder. Disease 

has series of characteristics and symptoms which 

includes irregular menses, hyperandrogenism, long 

lasting anovulation, infertility and hirsutism.18 Nearly 

half (50%) of the study participants showed improvement 

after treating with calcium-vitamin D + metformin as 

compared to calcium-vitamin alone (15%) and metformin 

alone (25%). Oocyte maturation can be influenced by 

calcium which was published by several studies 

conducted on invertebrates and amphibians. In addition, 

calcium role in human oocyte maturation also 

confirmed.19-21 Kitai et al conducted a study and reported 

that verapamil tetracaine, a calcium channel blocker 

involved oocyte arrest in meiosis.22 Low plasma vitamin 

D levels either due to deficiency or malabsorption or 

inadequate sun may leads to initiation and development 

of PCOS in women. Hence, dietary restore of this vitamin 

may revert the abnormal and irregular menstrual cycles in 

PCOS patients.23 As discussed above, dietary 

supplementation of calcium in combination with vitamin 

D effectively corrects the menstrual irregularities and 

their associated symptoms in PCOS patients.24 

The present study conducted in such a way that patients 

received 3-month drug treatment in continuation with 3-

month follow-up period in all three groups with PCOS in 

addition with oligomenorrhea. The present study also 

assessed the calcium and vitamin D effects on 

irregularities of menstrual cycles and infertility. Calcium-

vitamin D plus metformin group has showed significant 

improvements in menstrual irregularities. To confirm 

this, randomized clinical trials with higher sample size 

are warranted which can be given clear relationship 

between menstrual regularity and calcium-vitamin D-

metformin treatment. Thys-Jacobs et al, conducted a 

study and observed that calcium-vitamin D (1,500 mg) 2 

months treatment showed regular menstrual cycles in 

seven subjects out of 13 women with irregular menstrual 

cycles with PCOS.16 

In the present study, among calcium-vitamin D plus 

metformin group and calcium, metformin alone group, 

combination therapy found statistical significant in terms 

of follicular growth. It clearly indicates that calcium-

vitamin D plus metformin treated group showed better 

response in the second and third month of follow-up than 

other two groups. Pre-clinical studies strongly reported 

the effect of calcium on follicular development.25,26 

Velazquez et al conducted a study on metformin and 

reported that insulin and androgen levels were reduced 

after 6 months of metformin therapy and regulating 

menstrual cycles in which fertility has been restored in 

patients with PCOS.27 In the present study, more than 

65% of study subjects not taking the recommended daily 

allowance of dietary products in all study groups i.e. less 

than 1500 mg/day of calcium rich foods which includes 

milk, butter, cheese, lassi and yoghurt.28 However, all 

study groups showed normal desired range of plasma 

calcium concentrations. Another study conducted by 

Homa et al reported that extracellular calcium levels are 

within the normal range but intracellular calcium levels 

are found to be low and showed abnormal oocyte 

function.15 

CONCLUSION 

Calcium-vitamin D is responsible for bone health and 

fertility, so administration of these agents suggest 
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possible routes for treatment of these patients. Calcium-

vitamin D plus metformin combination is more effective 

in terms of maturation of follicles, restoring menstrual 

disorders than either drug alone. Calcium-vitamin D plus 

metformin treated group showed better follicular 

response in the second and third month of follow-up than 

other two groups. In detail study of mechanisms of drugs 

allows to take more cost-effective steps in PCOS patients. 
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