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Abstract:

Background: Polycystic Ovary Syndrome (PCQS) is
the most common endocrine disorder in women of
reproductive age, characterized by chronic anovulation,
hyperandrogenism, with varying severity of
reproductive and long-term metabolic consequences.
Aim and Obijectives: To study the effect of vitamin D
supplementation on menstrual cycle dysfunction and
metabolic parameters in PCOS women. Material and
Methods: Seventy-five PCOS women who presented
with oligomenorrhoea/ amenorrhea with varying
severity of hypovitaminosis D were retrospectively
analysed. Thirty eight women were compliant with
vitamin D supplementation, whereas 37 were non-
compliant. Baseline demographic, menstrual cycle
dysfunction and metabolic parameters were compared
with the data at 6 months follow up in both groups, and
change in weight and vitamin D levels were compared
in women with regularized vs non regularized
menstruation. Results: Mean age was 23.87 + 3.74
years, with mean BMI 28.9 + 4.88kg/m’. Vitamin D
deficiency and insufficiency was seen in 85.3% and
14.7% subjects. Baseline characteristics among vitamin
D deficient Vs insufficient were not significantly
different except for vitamin D levels. Significant
decrease in BMI and waist circumference was observed
among both compliant and non-compliant groups.
Menstrual cycles were regularized in 39.4% of

compliant group and 43.2% of non-compliant women.
Conclusion: Vitamin D supplementation was not
associated with menstrual regularization, and may play
a role in synergy with weight loss in improving
metabolic parameters. Our study reemphasizes the
beneficial role of lifestyle modifications aiming at
weight loss in PCOS women.

Keywords: Body Mass Index, Polycystic Ovary
Syndrome, Menstruation, Vitamin D

Introduction:

Polycystic Ovary Syndrome (PCOS) is the most
common endocrine disorder in women of
reproductive age, characterized by chronic
anovulation, hyperandrogenism, with varying
severity of reproductive and long-term metabolic
consequences. In general, its prevalence varies
between 5-10% and higher prevalence up to
22.5% has been reported from India, more so in
adolescents [1-2].

Insulin resistance plays an important role in the
pathogenesis of PCOS with clustering of
metabolic and cardiovascular risk factors. Many
studies have observed that vitamin D deficiency is
associated with insulin resistance, type 2 diabetes,
hypertension and increased risk for cardiovascular
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events. Vitamin D deficiency is reported to be very
common in India with a prevalence ranging from
75-95% in general population across all age
groups, socioeconomic and geographic strata [3].
PCOS women have been found to have higher
prevalence of vitamin D deficiency and correlation
of vitamin D levels with various metabolic and
endocrine parameters have also been demonstrated
[4]. It has been suggested that vitamin D deficiency
may play a role in the endocrine and metabolic
dysregulation in PCOS women along with other
causative factors [5-6]. Studies on the role of
vitamin D receptor genes in glucose, lipid and
blood pressure regulation further supports this [7-
8]. Vitamin D receptors are present in almost all
human tissues including ovary and endometrium,
suggesting a role of vitamin D in reproductive
dysfunction [9]. The management of PCOS is sym-
ptomatic and the treatment with available
pharmacological agents is not satisfactory. There is
a great need to develop other pharmacological
interventions to manage PCOS effectively. In the
recent years there has been a focus on the role of
vitamin D as an adjuvant therapy in the manage-
ment of PCOS women. Since vitamin D deficiency
may have a role in exacerbating PCOS, it is logical
to say, vitamin D supplementation may be of help
in managing the syndrome. Studies on this aspect
are limited. Hence, in this study, we retrospectively
analysed the effect of vitamin D supplementation
in PCOS women on regularization of menstrual
cycle and metabolic parameters.

Material and Methods:

In this retrospective observational study, medical
records of all the patients attending the
endocrinology clinic from 1% January 2016 to 31*

May 2019, who were diagnosed to have PCOS
were retrieved. Rotterdam Criteria was used to
diagnose PCOS after exclusion of hyperpro-
lactinemia, hypothyroidism, Cushing's syndrome,
congenital adrenal hyperplasia, androgen
secreting tumours and drugs.

Total of 267 women were identified as having
PCOS. Medical records of the 196 PCOS women
who completed six months follow up were
screened. Out of these, 123 PCOS women data was
retrieved, who presented with oligomenorrhoea/
amenorrhea with documented vitamin D levels at
the initial visit and at six months. Data of PCOS
women, with normal vitamin D levels at initial
visit and who were on oral contraceptive pills,
metformin, D-chiroinositol and other nutraceuti-
cals was excluded. Women who were on only
progesterone for the withdrawal was included in
the analysis. Total of 75 women were identified in
the database fulfilling the inclusion and exclusion
criteria. The medical records of these women
including all the six months follow up, that is
clinical, menstrual cycle regularization, anthro-
pometric, hormonal and metabolic parameters
were analysed. The process of inclusion and
exclusion of PCOS women data has been shown in
Fig. 1. Written Informed consent was taken from
the women at the time of initial visit to use the data
for clinical research purpose. Vitamin D levels >30
ng/ml was considered normal and 20-30 ng/ml and
<20 ng/ml was considered insufficient and
deficient respectively and collectively called
hypovitaminosis D. BMI of 18.5 to 22.9 kg/m* was
considered normal whereas 23 to 24.9 kg/m’and >
25 kg/m” was considered as overweight and obese
respectively (Asian criteria).
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Total number of women with PCOS
N= 267

b

196 subjects completed 6 months fellow up

¥

b i
at baseline and & months follow uo

h

123 subjects had oligomenorrhoea/amenorrhea with documented
vitamin D levels at baseline and after 6 months follow uo

87 subjects had oligomenarrhoea with documented vitamin D levels

75 PCOS women with oligomenarrhoea and hypovitaminosis D who
were advised vitamin D supplementation, data was analyzed

- 71 subjects excluded as there was no follow up

73 subjects excluded as they had regular menstrual
cycle and/or documented vitamin D level

35 subjects excluded as they were on metformin, D-
chiro inositol, oral contraceptive pills and other
neutraceuticals

v

13 subjects excluded as they had normal vitamin D
levels

Fig. 1: Inclusion and Exclusion Criteria for Data Analysis in Women with PCOS

Assays:

At the study entry, venous blood samples were
collected from all subjects for hormonal assay,
lipid profile, Oral Glucose Tolerance Test (OGTT)
with 75 g glucose and vitamin D levels. All blood
samples were obtained in the morning between
0800 and 0900 hours after an overnight fast during
early follicular phase (day 2 to 5) of a spontaneous
or progesterone induced menstrual cycle. All
subjects underwent transabdominal ultrasono-
graphy. Hormones were measured by chemi-
luminescent assay (ADVIA Centaur Siemens
Healthcare Diagnostics). The ADVIA Centaur
vitamin D assay measures 25(OH) vitamin D from
concentrations of 4.2 to 150 ng/mL (10.5 to 375
nmol/L) [10]. The assay was standardized using
internal standards which are traceable to the
IDLC/MS/MS 25(0OH) vitamin D RMP, which is
further traceable to the National Institute of

Standards and Technology Standard Reference
Material 2972.

Plasma glucose levels were determined by the
glucose oxidase method on a semi-auto analyzer.
Total Cholesterol (TC) was determined using the
cholesterol esterase method. High Density
Lipoprotein (HDL) cholesterol was determined
using cholesterol esterase method following
selective precipitation of apolipoprotein B
containing lipoprotein with a polyanion solution.
Triglycerides (TG) were determined enzymati-
cally as glycerol on a Hitachi semi-automated
chemistry analyzer after hydrolysis with lipase.
All lipid assays had intra and inter assay variation
of less than 3%. Low Density Lipoprotein (LDL)
cholesterol was calculated using Friedwald
equation: LDL = TC — (HDL + TG/5). Insulin
resistance was estimated using the Homeostatic
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Model Assessment-Insulin Resistance 2 (HOMA-
IR 2) using the oxford HOMA calculator [11].
Insulin resistance was defined for a HOMA index
of>2.5.

Intervention:

All PCOS women with hypovitaminosis D were
advised treatment with oral Vitamin D 60,000 1U
weekly for 8 weeks then once monthly. Thirty-
eight women complied with the treatment
whereas 37 women did not comply with the
treatment regimen of vitamin D supplementation
as prescribed. Overweight and obese PCOS
women were advised on nutrition and lifestyle
modification to reduce their weight.

Data Analysis:

Baseline data (demographic, anthropometric,
hormonal and metabolic parameters) of PCOS
women with hypovitaminosis D were analysed. 6
months of follow up data on metabolic parameters
and menstrual cycle regularization were analysed
between vitamin D compliant and non-compliant
group in comparison with the base-line data, to
understand the effect of vitamin D. Regularization
of menstrual cycle was considered when PCOS
women had spontaneous menstruation cyclically,
every 30 £ 5 days, and it was considered not
regularized when they had menstruation after
progesterone withdrawal.

Statistical Analysis:

Data was analysed using the statistical software
package IBM SPSS version 22. Data was
expressed as Mean + Standard Deviation (SD) if
normally distributed, and unpaired t-test and
paired t test were used for statistical comparison.
Categorical data expressed as percentages. P value
<0.05was considered statistically significant.

Results:

Characteristics of PCOS Women at Initial
Visit:

Data of 75 PCOS women with oligomenorrhoea/
amenorrhea and hypovitaminosis D were
analyzed. Mean age of the PCOS women was
23.87 £ 3.74 years, with mean BMI of 28.9 +
4.88kg/m’. About 64/75 (85.3%) were vitamin D
deficient and 11/75 (14.7%) were insufficient.
12% PCOS women were normal weight, 11%
were overweight and 77% were obese as shown in
fig. 2. About 12% (n=9) of PCOS women had
prediabetes, 2.7% (n=2) had only Impaired Fasting
Glucose (IFG), 5.3% (n=4), had Impaired Glucose
Tolerance (IGT) only, whereas 4% (n=3) had both
IFGand IGT.

BODY MASS INDEX
B Normal weight B Overweight B Obese

Fig. 2: Division of Subjects Based on BMI

Comparison of data between deficient and
insufficient group has been shown in Table 1. Age,
BMI, Waist Circumference (WC), Systolic Blood
Pressure (SBP) and Diastolic Blood Pressure
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(DBP) were not significantly different in deficient
vs insufficient group. Similarly fasting and 2 hours
post oral glucose tolerance blood glucose also
were not different, including HOMA IR. Among
lipid parameters except for TG, others were not
significantly different.

Characteristics of PCOS Women at 6 Months
Follow Up:

Based on the vitamin D levels at 6 months follow
up visit, PCOS women were divided into
compliant group with vitamin D levels > 30ng/ml
and non-compliant group with vitamin D levels

Table 1: Baseline Characteristics of PCOS Women Based on Severity of Vitamin D

Parameters Vitamin D Vitamin D P
Deficiency insufficiency
(< 20ng/ml) (n=64) | (20-30 ng/ml) (n=11)

Age(years) 2357 +3.81 25.54 + 2.80 0.107
BMI (kg/m?) 28.73+4.73 29.89 +£5.81 0.468
WC (cm) 93.25+6.81 93.72 £ 4.85 0.825
SBP (mm of Hg) 119.54 + 7.85 121.63+6.31 0.406
DBP (mm of Hg) 78.03 +5.77 78.36 + 4.54 0.857
FBS (mg/dl) 87.32 £ 8.85 92.63 £8.93 0.071
Second hour blood glucose post OGTT (mg/dl)| 115.2 £ 16.80 124.36 + 20.65 0.111
TG (mg/dl) 131.48+ 37.72 106.09 + 21.25 0.034
TC (mg/dl) 169.05+ 25.18 165.81+17.25 | 0.684
HDL (mg/dl) 41.84+59 42.00 +£7.81 0.939
LDL (mg/dl) 97.08 + 20.29 97.72 + 14.41 0.920
TSH (mIU/L) 3.5+1.68 254 +1.17 0.023
Serum testosterone(ng/ml) 45.12 + 26.5 38.36 + 23.93 0.431
Vitamin D(ng/ml) 9.03 + 4.85 2414+329  |0.0001"
HOMA IR 3.99 + 2,57 3.93+241 0.941

BMI- Body mass index, WC- Waist circumference, SBP- Systolic blood pressure, DBP- Diastolic blood pressure,
FBS- Fasting blood glucose, TG- Triglycerides, TC- Total cholesterol, HDL- High density lipoprotein,
LDL- Low density lipoprotein, TSH- Thyroid stimulating hormone, HOMA IR- homeostatic model assessment-insulin
resistance, *-(P<0.05) is considered significant
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<30 ng/ml. Effect of vitamin D supplementation
on menstrual dysfunction and metabolic
parameters was analyzed in compliant and non-
compliant group in comparison with the baseline
data, as shown in Table 2. There was significant
decrease in BMI and WC in both groups.

Menstrual cycles were regularized in 39.4% and
43.2% women in compliant and non-compliant
group respectively. Fasting blood glucose
significantly decreased at 6 months in compliant
group, while 2 hours post OGTT blood glucose
did not significantly change in both groups in

Table 2: Comparison of Baseline Data with 6 Months Follow up Data in Compliant and Non-
compliant Groups PCOS Women

Parameter Baseline Compliant P Baseline Non- P
group compliant
(n=38) group (n=37)
BMI (kg/m?) 27.88+4.26 | 26.70+5.84 | 0.051 | 30.51+4.90 | 29.03+5.34 | 0.028"
Menstrual cycle 0/38 15(39.4%) 0/37 16(43.2%)
regularized (n) (%)
WC (cm) 93.65+7.88 | 92.78+7.25 | 0.018° | 93.27+5.34 | 92.77+4.98 | 0.044°
FBS (mg/dl) 87.47+7.42 | 84.55+7.08 | 0.003° | 88.21+9.45 | 87.83+7.76 | 0.82
2" hour blood 114.89+14.67 | 112.28+12.00| 0.1 (118.37 +19.03/116.67 + 12.42| 0.35
glucose post OGTT
(mg/dl)
SBP (mm of Hg) 118.94+7.60 | 119.81+£7.76 | 0.42 | 119.24 +6.24 | 120.27 +6.33 | 0.031°
DBP (mm of Hg) 77.92+5.44 | 78.23£4.93 0.72 | 77.78 £5.93 | 78.29 £5.51 | 0.429
TC (mg/dl) 159.98+25.75|155.48+13.30| 0.29 [170.72 +20.52|161.10 +16.86 | 0.0001"
TG (mg/dl) 137.18+39.24 | 125.73+25.75 | 0.006° | 113.43+28.29 | 106.63 +18.53| 0.094
HDL (mg/dl) 42.84+4.07 | 43.1+3.99 0.72 | 40.43 +6.68 | 42.95+5.00 | 0.10
LDL (mg/dl) 92.38+15.89 | 86.66+10.32 | 0.027° | 97.24 +22.07 | 88.58 +16.14 | 0.016"
Vitamin D (ng/ml) 10.99+8.76 | 34.93+4.85 |0.0001°| 13.95+8.53 | 16.82 £7.86 | 0.206
Serum 44.00+18.88 | 41.09+20.40 | 0.221 | 40.87+17.88 | 21.47 +15.68 |0.0001°
Testosterone(ng/ml)

BMI- Body mass index, WC- Waist circumference, FBS- Fasting blood sugar, SBP- Systolic blood pressure,
DBP- Diastolic blood pressure, FBS- Fasting blood glucose, TG- Triglycerides, TC- Total cholesterol, HDL- High density
lipoprotein, LDL- Low density lipoprotein, *- (P<0.05) is considered Significant, b- denotes p<0.05 as compared to
baseline which is considered significant
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Table3: Change in the BMI and Vitamin D after 6 Months Follow up in PCOS Women with
Regularized and Non-regularized Menstrual Cycles

Parameter Baseline 6 months P Baseline 6 months P
follow up follow up
(Menstruation (Menstruation
regularized not regularized
group) group)
BMI (Kg/m2) 29.58+4.66 | 27.18+4.26 |0.0001° | 28.87+4.82 28.89+4.87 0.964
Vitamin D (ng/ml) | 13.56 £7.09 | 24.76 +11.71 | 0.0001" | 10.91+7.8 26.86+10.83 | 0.0001°

BMI- Body mass index, *- (P<0.05) is considered Significant, b- denotes p<0.05 as compared to baseline which is
considered significant

comparison to the baseline values. There was a
significant decrease in TC and LDL-C and
testosterone levels in non-compliant group.

The change in BMI and levels of vitamin D after 6
months follow up in comparison with baseline in
women with regularized and non-regularized
menstrual cycles was analyzed and shown in
Table 3. There was significant increase in Vitamin
D levels in both menstrual cycle regularized and
non-regularized women in comparison to baseline
levels but there was a significant decrease in BMI
inwomen with regularized menstrual cycles.

Discussion:

Recently, several studies reported higher
prevalence of vitamin D deficiency among PCOS
women and observed its association with
metabolic and endocrine dysfunction in them [12-
13]. Current treatment options for PCOS are
mainly lifestyle modification, hormonal therapy
and insulin sensitizers. Considering the higher
prevalence of hypovitaminosis D in PCOS,
vitamin D supplementation could be an easy and
low risk add-on therapy [14]. However, there is
conflicting data regarding the effect of vitamin D

supplementation on reproductive and metabolic
dysfunctionamong PCOS women.

Many studies have shown that vitamin D levels are
inversely associated with measures of obesity that
overweight and obese individuals have lower
levels of vitamin D than normal weight individuals
[15]. The cause and consequent effect of this
relationship is not clearly known. One proposed
hypothesis is vitamin D deficiency may promote
adipogenesis and cause obesity [16]. Low vitamin
D is associated with increase in PTH that promotes
calcium flux into adipocytes, which enhances
lipogenesis and inhibits catecholamine induced
lipolysis, leading to accumulation of fat and
weight gain. Another hypothesis is, in obesity,
adipose tissue sequesters the fat-soluble vitamin,
and this leads to lower levels, and not only that
obese individuals remain mostly indoors [17].
There has been inconsistent findings on effects of
vitamin D supplementation on weight loss [18].
Khosravi et al. found that vitamin D supple-
mentation for 6 weeks resulted in significant
decrease in weight, BMI, waist and hip
circumference in overweight and obese women
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[19]. In our study, being retrospective in nature, it
was difficult to assess the impact of lifestyle
modification versus vitamin D supplementation
on weight change. However, the significant
decrease in BMI in both vitamin D compliant and
non-compliant group suggesting on the role of
lifestyle modification, rather than vitamin D
supplementation.

Effect on Menstrual Regularization:

Menstrual dysfunction in PCOS is due to
abnormal LH pulsatility, hyperandrogenemia,
insulin resistance and other multiple intraovarian
factors, which lead to poor follicular development,
follicular arrest and anovulation. It has been found
that presence of menstrual irregularity can be a
predictor of underlying insulin resistance and is
associated with unfavorable metabolic outcomes
[20].

Overweight and obesity can further negatively
impact the owvulatory performance, menstrual
function and metabolic abnormalities. Evidence
suggests that weight loss is associated with
improved menstrual and metabolic functions.
Ovulatory menstrual cycles can be obtained, even
when the weight loss is relatively low, however, not
all patients equally respond to these measures even
if their weight loss is similar [21]. In our study, we
found that 39.4% of the PCOS women had
regularization of menstrual cycles who complied
with vitamin D supplementation as has been
recommended, with significant increase in vitamin
D levels after 6 months, whereas 43.2% of PCOS
women had regularization, who did not properly
comply with the treatment as recommended, with
no significant increase in vitamin D levels. The
interesting observation is that women who had

regularization of menstrual cycle had a significant
decrease in their BMI at 6 months follow up in
comparison with women with non-regularized
menstrual cycles with no significant change in
BMI, in spite of having significant improvement in
vitamin D levels suggesting clearly that decrease in
BMI resulted in regularization of menstrual
function.

Trummer et al. in their study did not find a
significant improvement in menstrual frequency
in the vitamin D treated group which is consistent
with our study [22]. Similarly, in another study by
Tehrani et al., showed no significant effect of
vitamin D and calcium alone treated group on
menstrual cycle and other clinical and
biochemical variables. However, they found
greater improvement in menstrual function in
metformin + vitamin D and metformin alone
treated group [23]. Kadoura et al. also found
vitamin D and calcium supplements can support
metformin effect on regulation of menstrual cycle
irregularity in vitamin D-deficient/insufficient
PCOS patients, but this effect is not associated
with any significant changes in gonadotropins or
IGF-1 system [24]. Ornstein et al. [25] observed
that dietary weight loss in adolescent PCOS
women resulted in significant improvement in
menstrual regularity, BMI, waist circumference
and hirsutism score, which was in agreement with
our study, weight loss is associated with menstrual
cycleregularization.

Effect on Glucose, Lipid Metabolism and
Androgen Levels:

There is conflicting data on the effect of vitamin D
on glucose metabolism. In this study. Vitamin D
supplementation resulted in significant decrease
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in fasting plasma glucose in compliant group in
comparison with non-compliant group, whereas,
no significant change in 2 hour blood glucose post
oral glucose tolerance test levels in both groups.
Maktabi et al., observed a significant decrease in
fasting plasma glucose, HOMA-IR, HOMA-
estimated beta cell function (HOMA-), CRP, and
plasma malondialdehyde in 70 PCOS women
receiving 50,000 IU of cholecalciferol every 14
daysvs. placebo over 12 weeks [26].

Among lipid parameters, in the present study, the
effect is heterogenous with significant decrease in
TC in non-compliant group and TG in compliant
group, whereas decrease in LDL cholesterol was
in both the groups. It is well known that weight
loss can cause significant improvement in insulin
sensitivity resulting in decrease in blood glucose
levels, TC, TG and LDL cholesterol, together with
increase in HDL cholesterol [27]. In this study
possibly weight loss together with vitamin D
supplementation together working in synergy
might have resulted in significant decrease in
fasting plasma glucose levels, and TG levels in
compliantgroup.

Pasquali et al. reported non uniform improvement
of lipid parameters resulting from weight loss and
lifestyle changes in PCOS women [21]. In another
study, authors found the beneficial effect of
vitamin D supplementation after 12 weeks of
therapy on glucose metabolism and in menstrual
regularization [28]. In a meta-analysis by Xin-
Zhuan et al., authors failed to detect any thera-
peutic effect of vitamin D on clinical and

biochemical parameters in women with PCOS
[29]. In our study, there was a significant decrease
in serum testosterone concentrations in non-
compliant group, whereas no significant change in
compliant group, suggesting possibly no role of
vitamin D and the reduction could possibly be due
to weight loss. Significant improvement in
androgen levels (testosterone and androstene-
dione) have been observed with lifestyle changes
and weight loss [30].

Conclusion:

In our study, we found that vitamin D
supplementation was not associated with
menstrual regularization, but weight loss is
associated with regularization of menstrual cycles
and improvement in metabolic parameters and
vitamin D supplementation may play a role in
synergy with weight loss measures. Our study
being retrospective in nature with inherent
associated limitations together with smaller
sample makes it difficult to draw generalizable
conclusions. Properly designed randomized trials
of adequate sample size are required.
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Clinical significance:

This study reemphasizes on the beneficial role of
lifestyle modification aiming at weight loss in
PCOS women at every stage apart from other
modalities of treatment as and when required.
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