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Abstract

Objective—To determine the effects of high-dose vitamin D on insulin sensitivity in Polycystic
Ovary Syndrome (PCOS).

Design—Randomized placebo-controlled trial.

Setting—Academic medical center.

Patients—28 PCOS women.

Interventions—Vitamin D3 12,000 International Units or placebo daily for 12 weeks.

Main Outcome Measures—The primary outcome was quantitative insulin sensitivity check
index (QUICKI). Secondary outcomes included glucose and insulin levels during a 75-gram oral
glucose tolerance test and blood pressure.

Results—Twenty-two women completed the study. Compared to placebo, vitamin D
significantly increased 25-hydroxyvitamin D (mean (95% confidence interval) in vitamin D group
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20.1 (15.7 to 24.5) ng/ml at baseline and 65.7 (52.3 to 79.2) ng/ml at 12 weeks; placebo 22.5 (18.1
to 26.8) ng/ml at baseline and 23.8 (10.4 to 37.2) ng/ml at 12 weeks). There were no significant
differences in QUICKI and other measures of insulin sensitivity, however we observed trends
towards lower 2-hour insulin and lower 2-hour glucose. We also observed a protective effect of
vitamin D on blood pressure.

Conclusions—In women with PCOS, insulin sensitivity was unchanged with high-dose vitamin
D but there was a trend towards decreased 2-hour insulin and a protective effect on blood pressure.

Clinical Trial registration number—ClinicalTrials.gov Identifier: NCT00907153
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Polycystic Ovary Syndrome; vitamin D; insulin resistance; blood pressure

Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder among reproductive-
aged women (1). Women with PCOS are at increased risk for insulin resistance,
inflammation, obesity, type 2 diabetes (T2DM) and cardiovascular disease. Interestingly, all
of these disease states have been linked with vitamin D insufficiency (2).

Vitamin D insufficiency may contribute to the pathogenesis of PCOS by promoting insulin
resistance, which increases the risk of T2DM and cardiovascular disease. Several PCOS
studies demonstrate that serum 25-hydroxyvitamin D (250HD) concentrations are
negatively correlated with body mass index (BMI), body fat, and insulin resistance (3-5).
Additionally, vitamin D insufficiency-induced alterations in intracellular calcium may
contribute to ovulatory dysfunction and reproductive abnormalities in PCOS. Animal studies
demonstrate that calcium is important in ovarian follicular development and oocyte
maturation (6, 7). In an uncontrolled study of 13 PCOS women with vitamin D
insufficiency, calcium and vitamin D normalized menstrual irregularities, and resulted in
two pregnancies (7).

Evidence that vitamin D may be important in diabetes is further suggested by the link
between variations in vitamin D-binding protein and insulin resistance and T2DM (8).
Several cross-sectional studies have described an inverse relationship between serum
250HD and insulin resistance or T2DM (2, 9-11). An inverse relationship also has been
demonstrated between the intake of vitamin D supplements and the risk of T2DM in the
Nurses’ Health Study (12).

The primary aim of this study was to determine the effects of vitamin D on insulin
sensitivity in PCOS women. To achieve this aim, we conducted a randomized controlled
trial of vitamin D in PCOS women living in the United States.
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Materials and Methods

Participants

Participants were recruited through Medicine and Obstetrics and Gynecology clinics at Penn
State Hershey Medical Center from July 2009 to November 2010 (ClinicalTrials.gov
Identifier: NCT00907153). Women, ages 18 to 45 years, diagnosed with PCOS were
eligible. PCOS was defined using the 1990 National Institutes of Health criteria, chronic
hyperandrogenic anovulation (13). Women were excluded if they were pregnant, nursing, or
taking vitamin D or calcium supplements in excess of a regular multivitamin, or if they had
diabetes, uncontrolled hypertension, untreated hypothyroidism or hyperthyroidism, liver
disease, osteopenia, osteoporosis, or secondary causes of hyperandrogenism such as
Cushing’s syndrome, androgen secreting tumor, or hyperprolactinemia. Women using oral
contraceptive pills (OCP) were allowed to participate if they planned to continue it during
the trial; Randomization was stratified by OCP use to provide balanced assignment to the
treatment arms of this potential confounder. Women on metformin or thiazolidinediones
required a 3-month wash out period prior to randomization. During the study, women were
recommended to avoid tanning salons and traveling to latitudes < 35 degrees north.
Participants were advised to maintain their usual diet and lifestyle habits including sun
exposure, physical activity and dietary intake of Vitamin D and calcium. The Institutional
Review Board of the Pennsylvania State University College of Medicine approved the study.
Written informed consent was obtained from all participants.

Study design

This was a 12-week randomized, double-blind, placebo-controlled trial. Participants were
randomized in a double-blind fashion to receive either Vitamin D3 (cholecalciferol) 12,000
International Units (1U) or placebo daily for 12 weeks. The primary outcome was
quantitative insulin sensitivity check index (QUICKI), a validated measure of insulin
sensitivity based on fasting insulin and glucose (14). Major secondary outcomes included
glucose and insulin levels during a 75-gram oral glucose tolerance test, blood pressure,
lipids and androgens.

The randomization scheme used permuted blocks, having fixed blocks of size 2, and was
stratified by current OCP use with equal allocation between the two groups. The
biostatistician generated the randomization scheme and provided it to the pharmacist who
distributed the blinded active and placebo gel caps so that the participants, research
coordinator who administered the intervention, and investigators who assessed the outcomes
were blinded.

BTR Group, Inc. (Pittsfield, IL, USA) provided active drug and identical placebo gel caps to
the pharmacist. The active drug is the same as their nutritional supplement Maximum D3®,
but without imprinting on the gel cap. The active gel caps contain 12,000 IU of Vitamin D3
in soy lecithin oil. The placebo is identical but without vitamin D.
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Blood samples were analyzed in the General Clinical Research Center or Core Endocrine
Laboratory at Hershey Medical Center using validated assays. Total 250HD was assayed by
the Immunodiagnostic Systems radioimmunoassay (IDS Inc., Scottsdale, AZ). The
coefficients of variation were 6, 10, and 12% for low, medium and high levels of 250HD
concentrations, with an overall average of 9.3%.

Eligible participants presented in a 12-hour fasting state for a baseline visit. Blood pressure,
pulse, anthropometrics and hirsutism scores were recorded. Urine pregnancy test excluded
pregnancy. Fasting blood was drawn to measure total and free testosterone, insulin, glucose,
250HD, intact parathyroid hormone (i-PTH), high sensitive C-reactive protein (hsCRP),
vitamin D binding protein and lipid panel. Participants underwent a 75-gram oral glucose
tolerance test, where blood samples for glucose and insulin were obtained at 0 and 2-hours
and used to calculate the insulin sensitivity index (ISlg 120) (15). Plasma and sera were
stored at —80 C until analysis.

Following the baseline evaluation, participants were randomized in a double-blind fashion to
receive either vitamin D3 12,000 1U or placebo daily for twelve weeks. At 4, 8 and 12
weeks, serum calcium was checked to exclude hypercalcemia. At the end of 12 weeks,
baseline measurements were repeated to assess change from baseline.

For sample size determination, we used data from a pilot study showing the mean (standard
deviation (SD)) of QUICKI to be 0.32 (0.04) in PCOS women (16). Anticipating 15%
dropout, we calculated that a sample size of 24 subjects would provide 92% statistical power
to detect an absolute mean difference in QUICKI of 0.064 between the two treatment arms
using a two-sided test having a significance level of 0.05. We randomized 28 subjects as we
allowed additional subjects who had been consented and were undergoing screening to
continue in the study.

Linear mixed-effects models, extensions of regression that account for within-subject
correlation inherent in longitudinal designs, were fit to continuous outcomes to assess the
change from baseline to 12 weeks within and between treatment groups. Results were
analyzed by intention-to-treat and adjusted for randomization strata of current OCP use as
well as for the season the participant was actively participating in the study. Although the
intention-to-treat principle was adhered to for this study, all subjects randomized received
and ingested the treatment that they were randomly assigned to. Further, a sensitivity
analysis was done examining only the women who completed all phases of the trial. No
corrections were made for multiple comparisons testing because the analyses were
exploratory in nature. All hypotheses tests were two-sided, and a p-value of less than 0.05
for between-group comparisons was considered to indicate statistical significance, with no
adjustment for multiple testing of secondary outcomes. All analyses were performed using
SAS software, version 9.1 (SAS Institute Inc., Cary, NC, USA).
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Twenty-eight women were randomized to vitamin D or placebo once daily for twelve
weeks. There were 5 current OCP users in each group. Twenty-two women completed the
study, eleven in each group. The flow of participants through each stage of the study is
shown in Figure 1.

Both groups were similar in age, BMI and other baseline characteristics (Table 1). The mean
age was 28.2 = 5.2 and 28.7 £ 5.6 years in the vitamin D and placebo groups respectively.
The mean BMI was 37.20 + 4.53 and 35.09 + 9.81 kg/m? in the vitamin D and placebo
groups respectively. The majority of our subjects were obese. In fact, only 2/15 (13%) of the
placebo group were classified as having a normal BMI at baseline, and 0/13 (0%) of the
vitamin D group was classified as having a normal BMI at baseline.

The majority of the subjects were vitamin D deficient at baseline. In fact, only 6 subjects (3
in the placebo group and 3 in the vitamin D group) had normal baseline 250HD levels = 30
ng/mL. Of the 12 vitamin D deficient subjects in the placebo group, 7 were severely
deficient with baseline 250HD < 20 ng/mL. Of the 10 vitamin D deficient subjects in the
vitamin D group, 8 were severely deficient with baseline 250HD < 20 ng/mL.

Within the vitamin D group there was a significant increase in mean 250HD from baseline
to 12 weeks (P < 0.001), which confirms compliance with the study medication. Changes in
the primary outcome QUICKI, and other measures of glucose and insulin metabolism,
homeostatic model assessment of insulin resistance (HOMA-IR) and 2-hour glucose and
insulin, are shown in Figure 2. We found no significant difference in QUICKI between the
two groups. However, within the vitamin D group there was a reduction in the 2-hour insulin
level at 12 weeks, which approached statistical significance (P=0.05) and a trend towards a
reduction in the 2-hour glucose (Table 1). There was no change in the 2-hour insulin or
glucose within the placebo group. The between group comparison for the 2-hour insulin
approached statistical significance (P=0.09). There were no significant differences between
groups in fasting insulin, fasting glucose, and other measures of insulin sensitivity including
HOMA-IR and |S|0’120.

We observed a protective effect of vitamin D on diastolic blood pressure in women with
PCOS. There were no significant differences in vitamin D binding protein, lipids or
androgens. The vitamin D was well tolerated. There were no adverse events.

Recognizing that the study was not powered for subgroup analyses, there does not appear to
be any evidence of a strong correlation of BMI with the main outcome of QUICKI. The
partial correlation between BMI and the absolute change in QUICKI from baseline to the
end of the study, adjusting for OCP usage and change in vitamin D levels was for all
subjects combined: correlation coefficient = —0.33 [95% CI: (-0.67, 0.13)]; for the Vitamin
D group only: correlation coefficient = -0.22 [95% CI: (-0.77, 0.52)]; and for the Placebo
group only: correlation coefficient = —0.19 [95% CI: (=0.76, 0.54)].

Further, we re-analyzed the data using the subset of patients having baseline 250HD levels
< 30 ng/mL. The most notable difference between this “subgroup” analysis and the findings
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reported in Table 1 is that the change from baseline for QUICKI compared between the two
treatment groups approached statistical significance (p=0.05) in Table 1 but was not
significant in this subset of vitamin D deficient subjects (p=0.19).

A sensitivity analysis was also conducted examining only the women that completed all
phases of the trial (85% of women in the vitamin D group and 73% of women in the placebo
group). This sensitivity analysis yielded very similar results (data not shown).

Discussion

In the present study we demonstrate that 12 weeks of high-dose vitamin D significantly
increases 250HD levels in PCOS women. Insulin sensitivity, both with homeostatic and
integrated measures, was unchanged despite the trend towards decreased 2-hour insulin.
Although it has been hypothesized that vitamin D insufficiency-induced alterations in the
calcium flux of pancreatic p cells reduces insulin secretion (17), we found that vitamin D
may actually reduce insulin secretion, based on the reduction in 2-hour insulin.

Vitamin D insufficiency induces elevations in PTH, which can adversely affect glucose
metabolism (2). As expected i-PTH levels decreased within the vitamin D group.
Unexpectedly, i-PTH levels also decreased within the placebo group, possibly due to
unintentional increased consumption of dietary calcium in the placebo group as subjects are
known to behave differently while participating in a trial. This could explain why there were
no significant differences in insulin sensitivity or glucose levels between groups. An
interesting observation is the significant increase in diastolic blood pressure in the placebo
group, not seen in the vitamin D group which suggests a protective effect of vitamin D on
blood pressure.

To our knowledge, there has only been one other randomized, placebo-controlled trial to
study the effects of high-dose vitamin D in women with PCOS. The previous study included
50 women with PCOS and used doses of vitamin D3 equivalent to 2,500 1U per day (50,000
IU every 20 days for a total of 3 doses) (18). Their results were similar to ours, showing no
significant effect of vitamin D on insulin sensitivity in PCOS despite statistically significant
reduction in PTH and increase in 250HD (18). Another recent uncontrolled study also found
no improvement in insulin sensitivity after 3 months of vitamin D in women with PCOS
(19). The relatively short duration of vitamin D treatment could account for the lack of
effect on insulin and glucose metabolism. In fact, significant reductions in fasting and
stimulated glucose and C-peptide levels have been demonstrated in PCOS women after 6
months of vitamin D3, however this was an uncontrolled study (20).

A major strength of our study is its randomized double-blind, placebo-controlled design.
According to a recent systematic review there has only been one randomized controlled trial
of vitamin D and insulin sensitivity in women with PCOS (21). Therefore, our study,
although a relatively small pilot study, adds significantly to the field. An additional strength
is that we utilized high doses of vitamin D compared to previous studies. As a result of this
pilot study, we now have a more precise estimate of effect size and variability for future
trials. A future randomized controlled trial having at least 81% statistical power would
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require a sample size of 140 subjects to detect a difference in 2-hour insulin of 450 pmol/L
(SD=930 pmol/L) between vitamin D and placebo treated participants using a two-sided test
having a significance level of 0.05. A future randomized controlled trial having at least 85%
statistical power would require a sample size of 100 subjects to detect a difference in
diastolic blood pressure of 6.5 mmHg (SD=10.8 mmHg) between vitamin D and placebo
treated participants using a two-sided test having a significance level of 0.05. We chose to
power the future study using 2-hour insulin and diastolic blood pressure as the primary
outcomes as these were the most clinically relevant effects we observed in our pilot study.

In conclusion, high-dose vitamin D significantly increased 250HD levels and had a
protective effect on blood pressure in women with PCOS. Insulin sensitivity, both with
homeostatic and integrated measures, was unchanged despite the trend towards decreased 2-
hour insulin. It is important to note that the dose of vitamin D used in our study is
significantly above the current vitamin D guidelines. There is the potential for serious
adverse effects from using such high doses. Until further research becomes available, we do
not recommend routine use of such high doses in clinical settings.
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Figure 1.

CONSORT flowchart showing the progress of participants through each stage of this

randomized controlled trial.
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