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Abstract 
Introduction: Polycystic ovary syndrome (PCOS) is a common hormonal and metabolic 

condition affecting women of reproductive age. It is characterized by persistent anovulation, 

increased androgen levels, insulin resistance, and mild inflammation. Women with PCOS are 

more susceptible to cardiovascular and metabolic complications. The present study was aim to 

investigate the correlation between body mass index and serum vitamin D levels in women with 

PCOS. 

Methods: The present study was designed as cross sectional comparative study. The volunteers 

were recruited from the gynecology department of a tertiary care hospital and studied in the 

department of Physiology. The present study included 120 women between 18- 40 years. The 

study participants were divided into 2 groups. Group N included 52 volunteers with normal 

levels of vitamin D in women with PCOS and Group D includes 68 volunteers with 

hypovitaminosis D in women with PCOS. 

Results: The study involved 120 patients with PCOS, categorized into two groups, N and D. In 

Group N, 15.38% (n = 8) were underweight, 61.53% (n = 32) had normal weight, 17.31% (n = 

9) were overweight, and 5.77% (n = 3) were obese. In Group D, 10.29% (n = 7) were 

underweight, 27.94% (n = 19) had normal weight, 39.71% (n = 27) were overweight, and 

22.06% (n = 15) were obese. The analysis of BMI showed significant differences in the rates of 

overweight and obesity between Groups N and D (p = 0.008 and 0.013, respectively). 

Furthermore, a negative correlation was observed between BMI and serum vitamin D levels 

across all participants. 

Conclusions: The present study suggests that women with PCOS, who have hypovitaminosis D 

levels are generally more overweight or obese than those with normal vitamin D levels in 

women with PCOS. Consequently, it is advised that all PCOS patients undergo screening for 

vitamin D deficiency to prevent obesity and its related metabolic disorders. 

Keywords: Ovary syndrome, polycystic, body mass index, vitamin d, obesity, 

abdominal reproductive health 
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1. Introduction 

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of reproductive age [1],with the 

prevalence of 15% [2].It is characterized by menstrual irregularities, ovarian dysfunction, clinical and biochemical evidence 

of hyperandrogenism and polycystic appearance of the ovaries [3].PCOS was diagnosed according to the Rotterdam Criteria 

2003, in which at least two of three criteria are present i.e.; amenorrhea, hyperadrogenemia or their clinical manifestations, 

polycystic appearance of ovaries [2].Existing literature suggests that 30 to 40% of women with PCOS exhibit impaired 

glucose tolerance and insulin resistance (IR) with compensatory hyperinsulinemia, and 10% of this population develops type 

II diabetes mellitus by their 40s [4]. Additionally, many researchers have identified central obesity, cardiovascular disease, 

and endometrial cancer as common conditions among women with PCOS [5, 6].It has been found that IR is a primary 

contributing factor to ovulatory dysfunction and hyperandrogenic state in women with PCOS. Several cross-sectional and 

prospective studies have observed an inverse relationship between IR and Vitamin D, with a notable association between 

serum vitamin D levels and metabolic disturbances [7-9].Vitamin D is a lipid-soluble hormone which is involved in various 

physiological processes beyond bone health, including cell regulation and immune function. Research has shown that 

vitamin D receptors (VDRs) and the enzyme 1 alpha-hydroxylase are present in these tissues and affects their functions [9-

11]. 

Though PCOS has been extensively studied for clinical manifestations and management but its association with 

Vitamin D has not been adequately explored. Hence, the present study was designed as cross-sectional comparative study 

with an aim to find out association between vitamin D and body mass index (BMI) in women with polycystic ovarian 

syndrome. 

Methodology 

The present study was designed as cross-sectional comparative study carried out from May 2023-June 2024. The 

volunteers were recruited from Gynecology department of a tertiary care hospital and evaluated in the Department of 

Physiology. The approval of the Human Research Ethics Committee was obtained prior to the commencement of the study, 

vide letter no. GU/HREC/EC/2022/2053A. 

The study was conducted on 120 women with PCOS from the reproductive age group i.e., between 18-40 years The 

sample size was calculated from the pooled prevalence of PCOS (11.33%)12and prevalence of hypovitaminosis D in PCOS 

women of India-(80-90.6%) [13, 14].The confidence level of 95%, power of study 80% with the maximum allowable error 

of 10%. These participants were further sub-divided into 2 groups based on the levels of vitamin D:- 

Group N (n=52): PCOS women between 18-40 years with serum Vitamin D levels >30ng/ml. 

Group D (n=68): PCOS women between 18-40 years with serum Vitamin D levels <30ng/ml. 

The participants with PCOS were diagnosed according to the Rotterdam criteria 2003 as mentioned earlier [2].  

However, the participants with systemic diseases such as hypothyroidism, diabetes mellitus, hypertension, 

nephropathy, respiratory diseases, hyperandrogenic disorders (non-classical congenital adrenal hyperplasia, Cushing’s 

syndrome, androgen secreting neoplasms), hyperprolactenemia, women already on any hormonal therapy, already on 

treatment for PCOS and vitamin D deficiency were excluded from study. 

The participants were clearly informed about the nature and procedure of the study in local language. The study was 

conducted only after obtaining informed written consent from all the participants. A fasting sample for blood was taken on 

2nd or 3rd day of menstrual cycle for biochemical assessment of serum vitamin D levels. 

Demographic Data 

Demographic characteristics included age, height and weight. Height was measured to the nearest millimeter by a wall 

mounted stadiometer. Weight was measured with weighing machine. Body mass index (BMI) was calculated as ratio of 

weight (in Kilograms) and height (in square meter). 

Sample Collection 

Fasting venous blood samples (10 ml) were collected from the participants on 2nd or 3rd day of menstrual cycle by vene 

puncture then transferred to plain vacuette (without anticoagulant). It was then allowed to clot for 30 minutes at room 

temperature. After the blood had clotted, it was placed in a centrifuge at 3000 revolution per minute to obtain the serum. The 

obtained serum were stored in deep freezer at (-20 ºC) until analyzed. For analysis frozen samples were thawed to equilibrate 

at room temperature for 30 minutes before processing. 
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The samples were analyzed for serum vitamin D levels by enzyme-linked immunosorbent assay (ELISA) kit method 

using ELISA Kit (Calbiotech, Inc. USA) [15, 16]. Test was run on the ELISA, BeneSpheraTM ELISA Microplate Reader E21 

and Thermo scientific WELLWASHER which is based on competitive binding principle. 

Procedure: All reagents and specimens were allowed to come to room temperature before use. All reagents were 

gently mixed without foaming. The procedure was then performed without interruption. 

10μl of 25-OH Vitamin D, including standards, controls, and samples, was dispensed into each well. Next, 200μl of 

biotinylated 25 (OH) D working solution was added. The contents were mixed for 20 seconds using a plate shaker at 200-

400 RPM. The plate was incubated at room temperature for 90 minutes, after which the contents were shaken out into a 

waste reservoir. 

For washing, 300μl of 1X Wash Buffer was added to each well, shaken out, and the wells were struck on absorbent 

paper. This washing step was repeated two more times. 

Next, 200μl of Streptavidin-HRP enzyme conjugate was added to each well, and the plate was incubated at room 

temperature for 30 minutes. The contents were shaken out again, and the washing steps were repeated. 

Using a multi-channel pipette, 200μl of TMB Substrate was added to each well, followed by incubation at room 

temperature for 30 minutes, preferably in the dark. Then, 50μl of stop solution was added to stop the enzymatic reaction, and 

the plate contents were mixed for 20-30 seconds. 

Finally, the optical density (OD) at 450nm was measured using an ELISA Reader within 10 minutes of adding the Stop 

Solution. The absorbance at 450nm was compared with the given 25(OH)D values in ng/ml and converted to nmol/L by 

multiplying the ng/ml values by 2.5. 

The reference range was considered as deficient with vitamin D less than ˂10ng/ml deficient; insufficient with 10-

30ng/ml; sufficient with 30-100ng/ml; and intoxication with vitamin D levels more than 100ng/ml. 16, 17 

Statistical Analysis 

Statistical analysis was conducted using IBM SPSS Statistics version 20. Mean and standard deviation (SD) were 

calculated. Comparisons between normal levels of vitamin D and Hypovitaminosis D were performed using the unpaired 

Student’s t-test for continuous variables and the Chi-square test for categorical variables. The correlation between BMI and 

serum vitamin D levels was assessed using Karl Pearson's correlation test. A p-value of less than 0.05 was considered 

statistically significant, while a p-value less than 0.001 was considered highly significant. 

Result 

TABLE 1: TABLE SHOWING MEAN SERUM VITAMIN D (ng/ml) IN GROUP N & D 

 

 
Group N 

(n= 52) 

Group D 

(n= 68) 
 

Parameters Mean SD Mean SD P value 

 Vitamin D (ng/ml) 42.79  +15.29 14.71 +1.47 <0.001** 

** Highly significant. Result obtained by unpaired ‘t’ test. 

Table 2: TABLE SHOWING THE AGE-WISE DISTRIBUTION OF SUBJECTS AMONG GROUP N (NORMAL 

VITAMIN D LEVELS) AND GROUP D (HYPOVITAMINOSIS D LEVELS) 

 

 Group N 

(n= 52) 

Group D 

(n= 68) 
 

Age group (yrs) No. % No. % P value 

11-20 13 25% 16 23.53% 0.852 Փ 

21-30 30 57.69% 44 64.71% 0.613 Փ 

31-41 9 17.31% 8 11.76% 0.388 Փ 

Total 52  68   

Mean 24.81 24.13 
>0.05 Փ 

SD ± 5.54 ± 5.11 

Փ not significant. 
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Table 3: TABLE SHOWING THE DISTRIBUTION OF BODY MASS INDEX (Kg/m2) OF PARTICIPANTS IN GROUP 

N & D 

 

 Group N(n= 52) Group D(n= 68)  

BMI (Kg/m2) No. % No. % P value 

Underweight (<18.5) 8 15.38% 7 10.29% 0.40 Փ 

Normal (18.5-24.9) 32 61.53% 19 27.94% <0.001 ** 

Overweight (25-29.9) 9 17.31% 27 39.71% 0.008 * 

Obese (>30) 3 5.77% 15 22.06% 0.013* 

Փ not significant,* Significant;**highly significant. Result obtained by Chi square test. 

 
“r” = -0.148 (P >0.05Փ)Karl Pearson Correlation Test. 
Փ not significant. 

FIG 1: CORRELATION OF BMI AND SERUM LEVELS OF VITAMIN D OF GROUP N 

 
“r” = -0.07 (P > 0.05Փ) Karl Pearson Correlation Test 

Փ not-significant. 

FIG 2: CORRELATION OF BMI AND SERUM LEVELS OF VITAMIN D OF GROUP D 
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r = -0.266 (P > 0.05Փ) Results obtained by Karl Pearson Correlation Test. 
Փ not significant. 

FIG 3: CORRELATION OF BMI AND SERUM LEVELS OF VITAMIN D OF OVER ALL CASES 

The present study was done on 120 participants with polycystic ovarian syndrome, who were sub-divided into 2 groups 

based on the vitamin D levels into two group N (vitamin D > 30ng/ml) and group D (vitamin D < 30ng/ml). 

Table 1 clearly shows the mean Vitamin D levels to be significantly lower (P <0.001) in Group D (14.79 + 1.47)as 

compared to Group N (42.79 + 15.29). 

Further, table 2 shows that the most of participants in both Group N and D were between the age groups of 21-30 years 

(57.67% and 64.71%, respectively). Also observed 25% & 23.53% of participants in group N and group D respectively were 

between age group of 11-20 years. The least number of participants were above 31 years. 

Further, table 3 shows the 61.53% of participants with normal vitamin D levels in group N had a normal BMI, whereas 

39.71% of participants with vitamin D deficiency were overweight and 22.06% were obese. This observation becomes more 

significant, if we pool the BMI over 25. 61.77%of participants had BMI over 25 in group D as compared to 13.08% in group 

N. 

Fig. 1 shows the correlation of BMI & serum vitamin D levels of group N showing a non-significant (P>0.05) inverse 

correlation (r= -0.148). 

Fig. 2 shows the correlation of BMI & serum vitamin D levels of group D showing a non-significant (P>0.05) inverse 

correlation (r= -0.07). 

Fig.3 shows the correlation of BMI & serum vitamin D levels of both group N and D showing a non- significant 

(P>0.05) inverse correlation (r= -0.266). 

Discussion 

The present study was conducted on 120 women with PCOS in reproductive age group i.e., 18-40 years attending the 

Gynecology department of tertiary care Centre in the South Rajasthan. Majority of participants, 57.67% and 64.71% in 

group N and D respectively, were between the age group of 21-30 years indicating that most of the study population was in 

the peak of the reproductive age group. Since these patients were recruited from Gynecology OPD with PCOS, most of these 

patients had reported with infertility. However, it was reported by Gallagher JC (2013) that the decline in the vitamin D 

levels with age because of decreased synthesis of Vitamin D by the skin due to substrate deficiency and which is further 

accentuated due to Vitamin D receptor insufficiency [18]. 

The present study documents a non-significant (p>0.05) inverse correlation (r=-0.266) between vitamin D levels and 

BMI. This relationship is suggestive of low circulating levels of vitamin D in women with higher BMI. Though present 

study could not establish a significant correlation between these two parameters but Thomson RL et al., (2012) have 

proposed a strong association between vitamin D deficiency and obesity.19 Additionally, Muscogiuri G et al., (2012), stated 

that the vitamin D deficiency could be strongly associated with degree of adiposity of the women with PCOS [20].The 

participants in our study from group D were mostly overweight and not overtly obese. Hence the degree of adiposity was not 

large enough to elicit a stronger association. 

The effects of Vitamin D deficiency in women with PCOS, could be attributed to the development of insulin resistance 
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in obese individuals. The relationship of Vitamin D, PCOS and Insulin resistance sets up a vicious cycle, explained below: 

 

FIG 4:THE RELATIONSHIP BETWEEN VITAMIN D DEFICIENCY AND THE PATHOGENESIS OF INSULIN 

RESISTANCE AND METABOLIC SYNDROME IN PCOS 

The relationship between BMI and vitamin D levels is complex and bidirectional. In obese individuals, several factors 

contribute to reduce vitamin D synthesis, including decreased outdoor activity, increased coverage by clothing, and dietary 

differences compared to non-obese individuals [21].Vitamin D, being fat-soluble is stored in adipose tissue, which 

sequesters and lowers its bioavailability in circulation. Consequently, women with PCOS who have higher BMI generally 

exhibit lower serum vitamin D levels as compared to their non-obese counterparts, as was similarly observed by Yildizhan R 

(2009); Sachdeva M (2024) [22, 23]. 

Research by Kumar A et al.,(2017) has shown that vitamin D deficiency has been found to worsen insulin resistance 

and other metabolic issues in PCOS, leading to further weight gain and fat accumulation [24].Vitamin D receptors (VDRs) 

are present in tissues crucial for energy metabolism, such as fat, muscle, and pancreatic β-cells. A deficiency in vitamin D 

may disrupt calcium homeostasis and decrease VDR expression resulting in impairment of insulin secretion and sensitivity 

as suggested by Morris (2005) [25].This disruption promotes fat storage and alters lipid metabolism. All these factors 

combined (reduced insulin secretion, decreased insulin sensitivity, and increased lipogenesis) aggravate insulin resistance, 

further exacerbating PCOS and its associated comorbidities as observed by Konradsen (2008); Teengarden D (2009) [26, 

27]. 

Conclusion 

In conclusion, the relationship between BMI and vitamin D levels in women with PCOS is complex, involving obesity, 

insulin resistance, and metabolic issues. Screening for vitamin D deficiency, especially in those with a high BMI, should be 

routine to improve health outcomes. 

Limitations 

This study has some limitations as firstly the sample size of the participants was relatively small and secondly the 

participants with PCOS were recruited from a single-center in the city of Udaipur, Rajasthan. Hence, the results of this 

research needs to be proved through multi-center surveys with large sample sizes in other areas. 



Dr. Khushboo Shrimali/Afr. J. Bio. Sc. 6(14)(2024) Page 8700 of 13 
 

 

Future Scope 

In the future, it will be essential to investigate insulin levels and HOMA-IR in a larger sample of the obese women with 

PCOS. Additionally, an interventional study exploring the effects of vitamin D supplementation on these parameters could 

be conducted. Such research could provide valuable insights into the interplay between obesity, insulin resistance, and 

vitamin D, potentially informing new therapeutic strategies. 
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