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ABSTRACT

Background: Polycystic ovarian syndrome (PCOS) and hypovitaminosis D are the two most common endocrine disorders in young
women leading to many adverse metabolic consequences. We evaluated the correlation of 25-hydroxy Vitamin D (250HD) with
metabolic parameters and insulin resistance in PCOS. Materials and Methods: We included 100 PCOS patients (age 18-40 years,
duration >6 months) serially, in this cross-sectional study. We excluded patients with past use of insulin sensitizers and hormone
therapy. All patients underwent a physical examination, body fat estimation, and a single fasting blood sample was analyzed for
the biochemical parameters. The patients were divided into 2 groups as per the 250HD level: Group 1 (Deficient, <30 ng/mL)
and Group 2 (normal). The data were analyzed using appropriate statistical methods, and a P < 0.05 was considered statistically
significant. Results: The study population had a mean age of 28.6 + 6.3 years, body mass index (BMI) 30.4 + 6.1 kg/m? and body fat
of 39.1 + 13%. A total of 90 women had 250HD deficiency, and hypovitaminosis D was observed more in younger, obese patients.
Patients with hypovitaminosis D had a higher BMI (P = 0.0124), low- high-density lipoprotein (P = 0.0094), calcium (P < 0.0001), and
elevated testosterone (P=0.0412) in comparison with normal 250HD patients. None of the metabolic parameters showed significant
correlation with 250HD (P > 0.05). Conclusion: Hypovitaminosis D is very common in PCOS patients and exacerbates the metabolic
abnormalities. It is essential to screen all the PCOS patients for 250HD deficiency, and further large-scale studies are required to
confirm our findings.
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Introduction in women.” Insulin resistance (IR) occuts in approximately
60%—80% of women with PCOS and in 95% of obese women
Polycystic ovarian syndrome (PCOS) is the most common with PCOS.P! Vitamin D deficiency is reported to be very

endocrine disorder in women of reproductive age group. common in our country across all age groups and is linked
PCOS is characterized by hyperandrogenic chronic anovulation,  with many metabolic disorders.! Obesity is considered to be a
dysfunctional uterine bleeding, and altered ovarian morphology.!  risk factor for hypovitaminosis D and the association between
The diagnosis of PCOS implies an increased risk of infertility, obesity, hypovitaminosis D and PCOS cohorts has been well
endometrial carcinoma, obesity, type 2 diabetes mellitus, established. 7

dyslipidemia, hypertension, and cardiovascular disease (CVD)

- Vitamin D is endowed with pleiotropic effects on a spectrum
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of intracellular regulatory mechanisms, including insulin
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metabolism or intrinsic apoptotic pathway, in both classical
and nonclassical tissues, such as ovary.®) Few authors have
hypothesized that Vitamin D supplementation might be an
intetresting, economical, and safe therapeutic approach in PCOS.P!
Vitamin D supplementation leads to an improvement in lean
mass, regulation of insulin release, altered insulin receptor
expression, and improves insulin sensitivity."” Obese PCOS
patients have different metabolic consequences when compared
with lean PCOS patients."! The studies relating to Vitamin D
and body composition in PCOS are scanty in India.">" Hence,
we conducted this study to determine the correlation of
Vitamin D with body composition, IR, metabolic, and androgenic
parameters in women with PCOS.

Materials and Methods

Study population

We conducted this cross-sectional study in a tertiary care, teaching
hospital located in North India (latitude: 18° 74). The participants
wete recruited from the endoctinology/medicine/gynecology
clinic of our hospital seen between September and December
2015. We included 100 patients serially with a diagnosis of
PCOS (aged between 18—40 years, duration of atleast 6 months,
premenopausal, and normal thyroid function) in our study. We
excluded patients with past use of insulin sensitizers, hormone
therapy, calcium, Vitamin D, pregnancy, renal calculi, and use
of other drugs that affect the insulin sensitivity (beta blockers,
glucocorticoids, and thiazides). The patients were divided into
2 groups for the comparison as per the 25-hydroxy Vitamin
D (250HD) level: Group 1 (Deficient) and Group 2 (Normal).

Study measures

Clinical data were collected from all the participants, including
demographic details such as age, menstrual history, dietary
history (special reference to the intake of calcium-rich foods
such as milk, cheese, paneer, and dark green leafy vegetables),
and drug history (hormonal preparations, vitamin supplements,
metformin, glucocorticoids, beta blockers, etc.). A detailed
general examination was conducted with a special emphasis
for identification of xanthelesma, lipodystrophy, acanthosis
nigricans, and skin tags. Weight was recorded on a digital
weighing scale using OMRON HN 286 (Omron Corporation,
Kyoto, Japan with a sensitivity of 100 g), height 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.

Body fat percentage was determined in the fasting state at the
same time of the day using the Inbody 720 (Inbody, Seoul 06313,
Korea) machine. All the subjects reported on an empty bladder
without any prior morning exercise for the body fat estimation.
The body composition analyzer is based on the principle of
bioelectric impedance analysis. Anthropometric data such as
height, weight, age, and gender were fed into the instrument.
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The patients were asked to firmly hold the paddles in both the
arms and keep the legs slightly separated. Inbody 720 machine
gives quantitative estimate value for various body compartments
which equals the weight of each compartment, which is added
together gives persons total weight. The fat percentage of the
total body weight was calculated in this study using following
formula: Petcent body fat (%) = Body fat mass (kg)/body
weight (kg) X 100.

Study interventions

Fasting venous blood samples were collected after an overnight
fast for more than 12 h and analyzed for hematological
and biochemical parameters. They include glucose, lipid
profile, calcium, phosphorus, alkaline phosphatase, 250HD,
intact parathyroid hormone (iPTH), insulin, luteinizing
hormone (LH), follicle stimulating hormone, prolactin,
testosterone, dehydroepiandrosterone, and thyroid function
tests. Plasma glucose was estimated by the glucose oxidase
method, and 250HD by the chemiluminescence method and
the coefficients of variation for all biochemical tests were <10%
in our laboratory. The local Ethics Committee approved the
study protocol, and all patients provided written informed
consent.

Definitions

We used the Rotterdam criteria for the diagnosis of
PCOS.I'" Endocrine society clinical practice guidelines define
Vitamin D deficiency as levels of 250HD <20 ng/mlL,
Vitamin D insufficiency as 250HD between 21 and 29 ng/mL
and normal as 250HD level mote than 30 ng/mL.'" In our
study, we considered any value, including and above 30 ng/mL as
normal and <30 ng/mL as a deficiency. The Vitamin D deficiency
is subdivided into mild (250HD between 10 and 20), moderate
(250HD between 5 and 10), and severe (250HD <5 ng/ml). All
the participants with hypovitaminosis D were given weekly oral
Vitamin D of 60,000 units for 12 weeks, followed by monthly
once. Overweight, Grade I, Grade II, and Grade IIT obesity
wete defined as a BMI of 25-30, 30-35, 35-40 and >40 kg/m?
respectively.l'”
body fat as <30% as given by the manufacturer’s data.

In this study, we considered the normal percentage

Statistical analysis

Data are presented as mean, standard deviation, and descriptive
statistics were used for the data analysis. Unpaired ~test and
Chi-square test were used to compare the data between the
groups. Spearman’s correlation was used to find the association
between 250HD and other clinical parameters. We used
nonparametric tests in our study because the sample was derived
from a specialized group of PCOS patients. We did not calculate
the power of the study and sample size as our study was purely
observational in nature. A two-tailed P < 0.05 was considered
statistically significant for all the tests. The statistical analysis and
graph generation was done using the Graph Pad Prism Software,
Version 6 (Graph Pad Software, San Deigo, CA, USA).
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Results

The study population (# = 100) had a mean age of 28.6 + 6.3 years,
body weight 74.2 + 13.2 kg, BMI 30.4 * 6.1 kg/m? waist
circumference 77.1 £ 6.1 cm, hip circumference 91.1 = 11 cm,
waist: hip ratio 0.86 * 0.1, and body fat of 39.1 * 13%. A total
of 90 women had 250HD deficiency and the mean 250HD in
them was 19.1 £ 9.2 ng/mL. Hypovitaminosis D was observed
morte in younger patients (51 patients had an age of <30 years).
Subdivision of Vitamin D deficiency showed that 46 patients
had Vitamin D insufficiency, 40 had mild deficiency, and 4 had a
moderate 250HD deficiency. None of the study participants had
severe Vitamin D deficiency. The hypovitaminosis D was observed
more in overweight and obese individuals as shown in Figure 1.

The comparison between the clinical and biochemical parameters
between the two groups is given in Table 1. Briefly, the data
suggest that the patients with hypovitaminosis D had higher
BMI, low- high-density lipoprotein (HDL), calcium and elevated
iPTH, testosterone and LH values. The distribution of important
metabolic and glycemic parameters, according to the subdivisions
of 250HD value is given in Table 2. We did not compare the
groups using analysis of variance for the small sample size in
individual groups. Univariate correlation analysis between 250HD

and all the important parameters was given in Table 3. None of
the parameters showed any significant correlation with Vitamin D.

Discussion

Our study showed that hypovitaminosis D is very common in
patients with PCOS and has certain implications. Previous studies
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Figure 1: Prevalence of hypovitaminosis D according to the body weight

Table 1: Comparison between two groups regarding demographic and biochemical parameters

Feature Units Group 1 Group 2 P
250HD deficiency Normal 250HD
(n=90) (n=10)

Demographic parameters
Age Years 28.5 (6.2) 29.9 (7.3) 0.5145
Body weight kg 75.1 (13.1) 66.5 (12.5) 0.0523
Body mass index kg/m? 30.9 (5.9) 25.9 (5.8) 0.0124
Wiaist circumference cm 77.2 (10.7) 75.7 (13.0) 0.6778
Hip circumference cm 91.2 (12.2) 90.3 (11.3) 0.8225
Wiaist-hip ratio Number 0.9 (0.1) 0.9 (0.1) 0.8547
Body fat % 39.6 (13.1) 34.7 (11.0) 0.2596

Biochemical parameters
Total cholesterol mg/dL 183.5 (33.6) 175.8 (31.4) 0.4645
Triglycerides mg/dL 138.8 (29.8) 132.9 (30.4) 0.5633
LDL-cholesterol mg/dL 144 (20.4) 143.3 (17.2) 0.7997
HDL-cholesterol mg/dL 41.7 (8) 48.3 (7.4) 0.0094
Serum calcium mg/dL 7.9 (0.7) 9.4 (0.5) <0.0001
iPTH pg/mL 48.3 (10) 21 (6.7) <0.0001
250HD ng/mlL 0.68 (0.28) 0.63 (0.27) 0.6608
Fasting glucose mg/dL 91.4 (10.2) 87.6 (8.3) 0.5682
Fasting insulin uwlu/ 16.2 (2.9) 16.3 (2.5) 0.9357

mL

HOMA-IR Number 3.7 (1.1) 3.5(0.8) 0.6081
T3 pg/mL 1.5 (0.2) 1.4 (0.2) 0.9171
T4 ng/dL 10.1 3.1) 10 (3.3) 0.9121
TSH ulU/L 2.6 (1.3) 2.5 (1.6) 0.8058
Testosterone ng/dL 74.4 (31) 53.5 (40.1) 0.0412
LH TU/L 36.9 (24.7) 18.7 (5.2) 0.0317
FSH IU/L 6.6 (3.7) 6.1 (3.0) 0.7058
DHEA ug/dL 703.8 (58.3) 520.2 (52.5) 0.2248

Mean (SD). SD: Standard deviation; DHEA: Dehydroepiandrosterone; FSH: Follicle stimulating hormone; LH: Luteinizing hormone; TSH: Thyroid stimulating hormone; HOMA-TR: Homeostasis model assessment
of insulin resistance; T3: Triiodothyronine; T4: Thyroxine; 250HD: 25-hydroxy Vitamin D; iPTH: Intact parathyroid hormone; LDL: Low-density lipoprotein; HDL: High-density lipoprotein
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Table 2: Comparison of metabolic parameters as per the 25-hydroxy Vitamin D level

Features Units Group 1A Group 1B Group 1C Group 2
250HD insufficiency Mild 250HD deficiency Moderate 250HD deficiency Normal 250HD
(n=46) (n=40) (n=4) (n=10)
Body weight kg 75 (13.1) 75.9 (12.2) 67 (22.1) 66.5 (12.5)
BMI kg/m? 314 (5.9) 30.7 (5.5) 26.9 (10.1) 25.9 (5.8)
wC cm 74.5 (10.5) 80.7 (10.1) 742 (11.4) 75.7 (13.6)
Hip citcumference cm 88.2 (11.4) 94.6 (12.7) 92.2 (7.5) 90.3 (11.3)
WHR Number 0.9 (0.1) 0.9 (0.1) 0.8 (0.1) 0.9 (0.1)
Body fat % 38.1 (13.8) 41.5 (12.3) 37.9 (13.1) 34.7 (11.6)
Fasting glucose mg/dL 93.8(9.2) 83.4 (7.3) 90.5 (10) 87.6 (8.3)
Fasting insulin wlU/mL 16 (2.4) 16.7 (3.4) 14.3 (2.5) 16.3 (2.5)
HOMA-IR Number 3.7 (1) 3.7 (1.3) 3.8 (0.8) 3.5(0.8)

Mean (SD). WHR: Waist-hip ratio; WC: Waist circumference; BMI: Body mass index; HOMA-IR: Homeostasis model assessment of insulin resistance; 250HD: 25-hydroxy Vitamin D

Table 3: Correlation between 25-hydroxy Vitamin D and
various metabolic and biochemical parameters

hypovitaminosis D, leading to higher LH levels."*? We did not
account for the normal variation of LH during a menstrual cycle,
which could be another contributing factor in the high values. An

Serum 250HD Correlation Correlation P . . . .
parameters coefficient increase in the BMI could explain the associated low HDL and
Versus body Percentage of 0141 0161 is a part of the metabolic syndrome. Many studies have shown
composition body fat a high prevalence of metabolic syndrome in PCOS patients and
BMI —0.017 0.865 their relatives.*!
WHR —0.033 0.743
WC —0.132 0.743 Our data showed the presence of IR in almost all the study
Versus lipid TC —0.044 0.662  participants. The prevalence of IR is reported in 80% of PCOS
parameters TG 0.103 0309 patients from our country.” The coexisting hypovitaminosis
HDL —0.124 0.220 D could exacerbate the metabolic abnormalities in the PCOS,
LDL ~0:066 0-515 leading to its increased CVD risk. The metabolic parameters
Versus glycemic Fasting insulin —0.051 0.612 . . . .
indices HOMALIR 0075 0455 did not show any change as per the increasing severity of the
Versus hormonl H 3 0: Do 0: 383 250HD deficiency. Howevert, the heartening fact of out study is
patameters FSH 014 0165 that the majority of the participants had mild forms of 250HD
Testosterone ~0118 0.244 deficiency and none of the participants had a severe deficiency.

WHR: Waist-hip ratio; WC: Waist circumference; BMI: Body mass index; HOMA-IR: Homeostasis
model assessment of insulin resistance; LH: Luteinizing hormone; LDL: Low-density lipoprotein;
HDL: High-density lipoprotein; FSH: Follicle-stimulating hormone; TC: Total cholesterol;

TG: Triglyceride; 250HD: 25-hydroxy Vitamin D

have shown that Vitamin D deficiency is seen in 85% of patients
with PCOS from developed countties.!'"'
that the Vitamin D replacement should be given to all patients
with PCOS to improve their metabolic milieu. The increased
prevalence of hypovitaminosis D in obese and overweight
patients confirms the known fact about the relationship between
them.B"! However, our study being cross-sectional in natute

1 Our data suggest

does not suggest a causal role of Vitamin D deficiency in obesity.
Hypovitaminosis D was observed more in younger patients than
in older patients. This finding has certain clinical implications
in females younger than 30 years of age who are yet to achieve
their peak bone mass.” The younger patients often ovetlook
the intake of Vitamin D supplements, when compared to elderly
patients. The need of taking adequate calcium and Vitamin D
should be emphasized more to these vulnerable patients.

The alteration in calcium and iPTH could be explained by the
Vitamin D deficiency induced secondary hyperparathyroidism.
Previous research has reported the Vitamin D receptor
polymorphisms and altered aromatase gene expression in
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This could explain the lack of difference between the 250HD
deficiency and sufficient groups. Previous researchers have
shown that a critical level of 250HD is enough to carry out the
metabolic functions without much disruption.®!

In our study, 250HD did not show any relation with the clinical,
metabolic, and hormonal parameters. Previous research has
shown that the 250HD is inversely correlated with the total
cholesterol, triglycerides, body weight, and other metabolic
disturbances in PCOS patients.” The obsetved discrepancy in
our study could be due to the small sample size and presence
of Vitamin D insufficiency in the majority of the patients. The
strengths of our study include a detailed evaluation of all the
patients and close follow-up in a single center. The limitations
of our study include small sample size, cross-sectional design,
and lack of evaluation of body fat and IR using robust methods.

Conclusion

Hypovitaminosis D is very common in PCOS patients and
exacerbates the metabolic abnormalities. It is essential to screen
all the PCOS patients for 250HD deficiency and institute
appropriate replacement therapy to prevent the adverse
consequences. Further large-scale studies with more number
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of patients are required to confirm the findings observed in

our study.
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