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Abstract

There are many metabolic and hormonal factors related with polycystic ovary syndrome (PCOS) that can be affected by vitamin
D3 supplementation. To find clinical trials, in vivo studies, and in vitro studies that met the review's inclusion and exclusion
criteria, we searched many databases. PCOS women's ovulation and metabolic parameters were examined in relation to the
effects of vitamin D3 treatment on PCOS risk variables such as seasonal changes in body mass index, and obesity. The current
review included twenty-five articles. Vitamin D3(25-hydroxy vitamin D) levels were significantly lower in the PCOS group than
in the control group, and lipid profile and androgen hormone levels were significantly higher in the PCOS group, resulting in
increased cardiovascular events and exaggerated hirsutism. According to the majority of research, vitamin D3 plays a beneficial
role in decreasing the pathophysiology of PCOS, notably in restoring ovulation, which ultimately improves fertility. Although
other studies found no effect on lipid profile, there was a minor effect on reducing cardiovascular risks. The response of patients
to vitamin D3 was influenced by the dose administered and the study's methodology. In conclusion, vitamin D3 had a good effect
on the pathophysiology of PCOS in the majority of investigations.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex,
heterogeneous endocrine disorder, that affects female health
at reproductive age, in which it is responsible for secondary
infertility in women. The syndrome is associated with
endocrine, reproductive, and metabolic dysfunction. The
prevalence of PCOS in women is about 5-10% [1]. Women
with PCOS suffer from metabolic dysfunctions such as
hypertension, cardiovascular diseases, dyslipidemia,
obesity, anxiety, and depression. In addition, women with
PCOS have gonadotropic imbalances such as elevated
levels of luteinizing hormone (LH), a high LH/FSH ratio,
and a high testosterone level [2,3]. The Rotterdam criteria
are used for diagnosing women with PCOS. Usually two
criteria. must be present to confirm PCOS, like
hyperandrogenism, menstrual irregularities, and > 12 antral
follicles in one or both ovaries and/or ovarian volume > 10
cm?® [4]. Insulin resistance is a major metabolic disorder,
predominantly found in women with PCOS, and plays a
central part in the pathogenesis of PCOS and consequently
leads to type 2 diabetes mellitus (Figure 1).

Rotterdam criteria
(2 out of 3)

A

Polycystic ovaries on
ultrasonography (> 12 antral
follicles in one ovary and/or

ovarian volume > 10 cm’)

Menstrual iregularities
(<9 cycles/year or
> 35 days between cycles)

Hyperandrogenism
(dinical or biochemical)

Figure 1: The Rotterdam criteria for diagnosis of PCOS.

The high insulin level is responsible for the formation of
non-alcoholic fatty liver disease (NAFLD) in women with
PCOS because it causes a reduction in sex hormone-binding
globulin, which elevates the serum level of free testosterone
in the blood [5] as shown in Figure 2.
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Figure 2: The metabolic disorders that linked to PCOS [6]
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Anti-Mullerian  hormone (AMH) is a glycoprotein
synthesized by the granulosa cells in the ovary. In PCOS,
the AMH level increases dramatically, 2-3 fold more than
the normal level in healthy women. It increases the
intrafollicular ~ level, which  causes  abnormal
folliculogenesis and prevents the formation and growth of
the dominant follicle in the ovary, which causes anovulation
and hyperandrogenism [7]. An increase in the vascularity of
the ovary is linked to the angiogenesis effect of vascular
endothelial growth factor (VEGF), in which its level is
dysregulated in the ovary of PCOS women. VEGF plays an
important role in PCOS pathogenesis. It has been shown
that women with PCOS display elevated VEGF levels in
serum and/or follicular fluid. Therefore, the upregulated
VEGF level has been correlated with an augmented risk of
ovarian hyperstimulation syndrome (OHSS) following
follicular stimulation [8,9]. The vitamin D3-deficiency is
approximately 67-85% prevalent in PCOS women [10].
Studies have demonstrated that, women with PCOS have
low serum level of 25-hydroxyl vitamin D3 less than 20
ng/ml, and increase vitamin D3 intake might alleviate the
symptoms of PCOS. Vitamin D3 alleviates the symptoms
that associated with the pathophysiology of the disorder
(Figure 3).
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Figure 3: Schematic diagram elaborating correlation between vitamin D3
and metabolic disorder parameters adopted from [13,3], AMH; Anti-
Mullerian hormone, VEGF; Vascular endothelial growth factor.

There are studies suggesting that consuming vitamin D3 by
PCOS women, improve clinical and laboratory parameters,
and attenuate the long-term complication that associated
with PCOS. Some finding supports the positive effect of
vitamin D3 on decreasing the cardiovascular events, insulin
resistance, minimizing androgen level, normalizing AMH
level, reducing oxidative stress, and increase fertility. Also
it has the capacity in reducing inflammation and oxidative
stress through its effect on inhibiting damaged DNA
proliferation in cellular level [11]. Vitamin D3 co-
supplementation with other nutrients have synergistic
effects in minimizing the PCOS manifestation [12]. On the
other hand, many studies found no change in metabolic
parameters after vitamin D3 administration. The aim of this
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review was to gather up-to-date clinical, in vitro, and in vivo
studies, and combine the data of different aspects that
related to vitamin D3 possible influence upon PCOS
parameters with no bias.

METHODS

The writing of the current review article has been carried
out by searching google scholar, ResearchGate, PubMed,
and PubMed Central (PMC) database to obtain open access
articles from 2010-2020. The key words that have been used
were “vitamin D37, “PCOS”, “metabolic disturbance”,
“hormonal disturbance”, “insulin resistance”,
“hyperandrogenism”, “ovulation dysfunction”. Summary of
the search strategy and information of the included articles
are illustrated in Figure 4.

Studies that have been identified through online database searching (n=707);
Google scholar(n=264), PubMed(n=22), Research Gate(n=52), PMC Free Journals(n=369)

Screened studies after eliminating duplicates

PMC free Journals

Google Scholar(n=25) ResearchGate(n=20) PubMed(n=12)

—~_

Evaluated studies (n=42) |

=3)

Studies(n=17) excluded given that:
- they were editorial letters(n=2);
- they were meta-analysis studies(n=5);
lé——— - they were not original articles(n=3);
- they were review articles(n=4)

- they weren’t addressed PCOS, or vitamin
D3(n=3).

Twenty-five studies included in this review article

Figure 4: Flow chart of the review including eligibility of the articles and
searching strategy of the literature review.

Inclusion criteria

Inclusion criteria include published articles in peer reviewed
journal relevant to PCOS studies such as clinical trials, in
vivo and in vitro studies.

Exclusion criteria

We excluded systematic review articles, meta-analysis,
conference comments, commentaries, case report, editorial
letters, overviews, viewpoints, journal pre-proof and studies
carried out before 2010.

RESULTS AND DISCUSSION

The in vitro, experimental and clinical studies related to the
subject of this review articles are listed in Table 1. Vitamin
D3 has been proven in animal experiments to be useful in
restoring or reducing the metabolic disturbances associated
with PCOS in experimental animals [33]. In vitamin D3-
treated rats, the damage caused by dihydrotestosterone
(DHT) was completely reversed, but there was no
significant effect on cardiovascular events. Furthermore,
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Safaei et al. found that vitamin D3 increased ovulation by
decreasing follicles atresia and minimizing the growth of
immature follicles. This was accomplished by boosting
mitochondrial biogenesis and improving mitochondrial
membrane integrity in PCOS mice granulosa cells [14].
Grzesiak et al. recently published a study on letrozole-
treated rats that revealed crucial PCOS characteristics. The
findings show that vitamin D3 metabolism is disturbed in
the ovary and peri-ovarian adipose tissue of rats with
induced PCOS. When compared to healthy tissues, those
tissues had a low concentration of 1,25(0H)2D3, implying
that PCOS leads to vitamin D3 insufficiency and that this
could be a factor in treating this etiology [16]. In another in
vitro investigation, Sara et al. found that vitamin D3
dramatically reduced systemic vascular insulin resistance in
the gracilis arterioles of a DHT-treated mouse model, as
well as restored systemic insulin responsiveness in these
cells [35]. Bakhshalizadeh et al. found that vitamin D3
lowered the mRNA and protein expression levels of
steroidogenic enzymes in PCOS mice's cultured granulosa
cells. Vitamin D3 also inhibited the aromatase enzyme,
resulting in lower levels of 17-estradiol and progesterone,
which increased follicular development and maturation, as
well as fertility [31]. Furthermore, according to Subashree
et al. (2017), women with PCOS have high insulin
resistance and low vitamin D3 levels, which predispose
them to endocrine problems including hypothyroidism [27].
In comparison to healthy normal women, Khan et al. found
a relationship between vitamin D3 insufficiency and
decreased metabolic parameters in PCOS women. When
there is obesity, metabolic abnormalities become
considerable, according to the study [18]. Similarly, in other
studies, females with low serum 25(0OH) levels have higher
metabolic disturbance, higher insulin resistance, a worse
lipid profile, and anovulation compared to fertile women,
supporting the Endocrine Society's recommendation to
increase serum vitamin D3 concentration to above 75
nmol/L [25,38]. Normalization of vitamin D3 levels
positively affects ovulation, mainly due to the availability
of vitamin D receptors within the female reproductive
system. Treatment with a dose of vitamin D3, threefold the
daily allowance, produced a significant decrease in insulin
resistance and anti-Mullerian  hormone, eventually
increasing fertility. Furthermore, infertile women with
PCOS who took a high dose of vitamin D3 saw an increase
in insulin sensitivity as well as a drop in total cholesterol
and LDL levels. Other lipid measurements, however, did
not show any change [24]. Rashad et al. found that the
clinical manifestations, metabolic indices, and androgenic
aspects of PCOS have improved. Body composition
measures, BMI, and waist-hip ratio all decreased
significantly in the intervention group [17]. Furthermore,
after getting vitamin D3 medication, cardio-metabolic risks
were reduced, and a novel finding in this clinical trial was a
reduction in pro-inflammatory biomarkers. In addition, after
receiving four-fold the recommended daily amount of
vitamin D3 for a lengthy period of time, very low-density
lipoprotein (VLDL), cholesterol, and triglyceride serum
were considerably reduced in women with PCOS [26].
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Table 1: summary of the characteristics and data of the included studies.
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Publication Study Design Participants and Treatment intervention Results
Safaei et al., In vitro study; granulosa cells divided into three groups; Vit. D3-treated granulosa cells showed a significant
2020 [14] granulosa cells of granulosa cells with vitamin D3(100 nM) for 24 increase in mitochondria’s DNA compared to untreated
PCOS mouse model  hours; granulosa cells nil treatment; granulosa cells  group; increased mitochondrial biogenesis.
of normal mouse as control.
Mesinovic et Cross-sectional 46 blood samples from premenstrual women with Vit. D3 metabolites are not correlated with total
al., 2020 [15] study PCOS to compare vitamin d3 level, SHBG, and testosterone, and SHBG
total testosterone levels.
Grzesiak etal.,  Animal study Female rats allocated into the control (n=32) and Letrozole-treated rats showed a decreased level of
2020 [16] letrozole-treated (n =16) groups. vitamin D3 compared with controls
Rashad et al., Randomized, 95 patients with PCOS; 55 received 42000 IU vit. In vit. D3 group, elevated serum 25(OH)D, decreased
2019 [17] D3/week, plus 500mg calcium carbonate/day for androgenic profile, inflammatory biomarkers, BMI and
placebo-controlled 12 weeks; 40 received only calcium carbonate for WHR, improved and hirsutism score.
clinical trial 12 weeks.
Khanetal., Cross-sectional comparison of vit. D3 levels between 169 women In PCOS patients, lower vit. D3 level with hyper
2019 [18] study with PCOS and 164 without PCOS. androgenism and insulin resistance compared to
healthy controls.
Kadouraetal.,  Randomized 40 women with PCOS divided to 2 groups; 20 Vit. D3 and calcium levels increased with enhancing
2019 [19] placebo-controlled received metformin 1500 mg/day plus placebo, 20 menstrual irregularity compared to metformin only.
clinical trial received metformin 1500 mg/day plus calcium Gonadotropins and IGF-1 levels are not affected.
1000 mg and vit. D3 6000 U daily for 8 weeks.
Lumme et al., Population-based Serum 25(OH)vit. D were estimated in women Women with PCOS presented showed high BMI, insulin
2019 [20] study with self-reported PCOS (n=280) vs. controls resistance, low-grade inflammation, and testosterone
(n=1573) at age of 31 years. levels compared to controls.
Sukul et Randomized 50 PCOS women vs. 50 age-matched normal Negative correlation of serum Vit. D with FBS, serum
al.,2019 [21] controlled trial women. insulin, IR, and serum testosterone.
Javed et Randomized, 20 PCOS women received 3200 IU vitamin In intervention group, vit. D3 was elevated with modest
al.,2019 [22] double-blind, D3/day for 3 months vs. 20 received placebo for 3 decrease in HOMA-IR and ALT levels.

placebo-controlled
study.

months.

Trummer et al.,
2019 [23]

Randomized,
double-blind,
placebo-controlled
study.

108 women with PCOS and 25-(OH) vit. D3 <75
nmol/L divided randomly to either receiving 20000
1U vit. D3/week for 24 weeks, or placebo.

Vit. D3 level was increased with no effect on endocrine
and metabolic parameters.

Dastorani et Randomized, 40 infertile PCOS women, 20 received 50000 1U Vit. D intake decreases serum AMH, insulin levels,
al., 2018 [24] double-blinded, vit. D3/every other week for 8 weeks vs. 20 HOMA IR, and LDL-c, and elevates quantitative insulin
placebo-controlled received placebo. sensitivity check index.
study.
Krul-Poel et Cross-sectional 639 women with PCOS and 449 fertile women; In PCOS women, serum 25(OH)D was lower than in ferti
al., 2018 [25] study serum 25(OH)D stratified into severe (<25 nmol/l), le controls; the group with lowest serum 25(OH) had

moderate(25-50 nmol/l), and adequate (>75 nmol)
groups.

higher HOMA-IR, lipid profile among the PCOS groups
independent of BMI, season, and ethnicity.

Foroozanfa et
al., 2017 [26]

Randomized clinical
trial

90 women with PCOS, 30 received vit. D3 4000
1U/day, 30 received 1000 1U/day, and 30 received
placebo for 12 weeks.

In the 4000 IU vit. D3/day group, vit. D3 was elevated
with decreased FPS, serum insulin, HOMA-IR and TGs.
No significant effect on QUICKI and serum HDL-c was
reported.

Sabashere et Clinical trial 45 PCOS women (19-34 years) vs. 45 healthy In PCOS group, serum vit. D3 and Ca*? levels were
al., 2017 [27] women as control. decreased with insulin compared to controls.
Irani et al., Randomized 68 women with PCOS, allocated into vit. D3 and Serum 25(0OH)D level was increased with decreased
2017 [28] placebo-controlled placebo groups. Vit. D3 group received 50000 serum VEGF, intermenstrual intervals, Ferryman-

trial 1U/week. Gallwey hirsutism score, and TG compared with placebo

group.

Karamali etal.,  Randomized 55 women with PCOS assigned into 2 groups; 28 In intervention group, serum insulin, HOMA-IR, TG, and
2017 [29] double-blind, received 200 IU vit. D, 500 mg calcium and 90 pg ~ VLDL-c were decreased with significant increase in

placebo-controlled
trial

vit. K twice daily for 8 weeks, and 27 received
placebo twice daily for 8 weeks.

quantitative insulin sensitivity check index compared
with placebo group.
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Gupta et al.,
2017 [30]

Randomized,
placebo-controlled,
double-blind study.

50 women with PCOS allocated into 2 groups; 25
received 60000 IU vit. D3/wk for 12 weeks, 25
received placebo for same period.

In vit. D3 group, significant change was seen in IR,
serum fasting insulin, and increase in insulin sensitivity
determined by QUICKI.

Bakhshalizadeh

Granulosa cell from

Granulosa cells treated with vitamin D3, while

Vit. D3 reduces mRNA and protein expression levels of

etal.,, 2017 a PCOS mouse other group is not treated. steroidogenic enzymes in cultured granulosa cells. It

[31] model reduces aromatase and 33-HSD activity that minimizes
17p-estradiol and progesterone release.

Garg et Randomized double- 36 women with PCOS;15 received 40001U/day for  Vit. D3 do not change the parameters of HOMA-IR, and

al.,2015 [10] blind controlled 6 months, 17 received placebo. Both groups cardiovascular risk factors between two groups.

trial

received metformin doses.

Raja-khan et Randomized, 28 women with PCOS; 14 received 12000 U vit. Serum vit. D3 increases in intervention group, lowers 2-
al., 2014 [32] placebo-controlled D3 /day for 12 weeks, 14 received placebo for 12 hour insulin and lower 2-hour glucose and BP.

trial weeks.
Masszi et al., In vitro study Leukocyte, aorta, and ovarian tissues have been Vit D3 partially restores relaxation of aorta and reverse
2013 [33] immune-stained with nitrotyrosine antibodies to the nitrosative effects on the ovary tissue.

evaluate nitrosative stress.

Thomson et al.,
2013 [34]

Retrospective,
unplanned
secondary analysis
of two cohorts
during different
seasons.

50 overweight/obese women with PCOS,

50 healthy normal weight as a control.

The winter cohort had lower 250H-D levels at baseline,
which increased over 20 weeks, whereas the summer
cohort started with higher levels which reduced. Changes
in 250H-D were inversely correlated with changes in
weight and cholesterol when controlling for baseline
values. The elevated 250H-D was associated with greater
reductions in WC and cholesterol.

Sara et al.,2012
[35]

Controlled
experimental animal
study.

30 female Wistar rats (21-28 weeks); 10 received
vit. D3 (120 ng/100 g/week, 20 served as control.

Vit. D3 regains insulin relaxation and norepinephrine-
induced contractility; it fails to alter NO-dependent
relaxation.

Dehghani
Firouzabadi et
al., 2012 [36]

Case control study

100 infertile PCOS women; 50 treated with
metformin 1500 mg/day, 50 treated with
metformin 1500 mg/day plus Calcium 1000
mg/day and Vit. D 100000 1U/month for 6 months.

BM I significantly decreased in group Il; improvement in
menstrual irregularity, follicle maturation, and fertility
enhanced in group Il compared with group I.

Bonakdara et
al., 2012 [37]

Randomized
placebo-controlled
clinical trial

51 women with PCOS; group 1: treated with 0.5ug
calcitriol; group 2: 1000 mg metformin; group 3:
placebo, for 3 months.

Metformin decreases weight, insulin level, and insulin
resistance. Calcitriol reduces PTH level, and increases
serum vit. D3. Ovulation was restored significantly in
calcitriol group after 3 months compared with other
groups.

SHBG (Sex Hormone Binding Protein), HOMA-IR (Homeostatic Model Assessment for Insulin Resistance), BMI (Body Mass Index), WHR (Waist/Hip Ratio),
FBS (Fasting Blood Sugar), IR (Insulin Resistance), QUICKI (Quantitative Insulin-Sensitivity Check Index), 3p-HSD (3B-Hydroxysteroid Dehydrogenase),

PTH (Para-Thyroid Hormone).

Women with PCOS have oligo-menorrhea or anovulation,
and after adjusting the serum vitamin D3 level, ovulation
was significantly restored; these issues were linked to a
number of factors [28]. VEGF, an angiogenic agent that
promotes an increase in the vascularity of the ovaries in
response to high insulin levels, is elevated in women with
PCOS. In turn, VEGF raises AMH, a hormone that
prevents ovulation [28]. Vitamin D3 also lowers VEGF,
which correlates with lower triglyceride levels and, as a
result, inhibits aberrant ovarian vascularization, which
lowers testosterone levels and, in turn, reduces hirsutism.
The usefulness of vitamin D3 in recovering ovulation was
demonstrated in this study. All of the studies cited above
support this conclusion. Furthermore, after administering
vitamin D3, the levels of androgen and AMH in PCOS
women reduced dramatically. Another study [36] found a
similar result when looking at the impact of vitamin D3 in
treating hyperandrogenism and fertility in PCOS women.
Furthermore, Bonakdaran et al. found that vitamin D3
treatment dramatically lowered testosterone levels in
women with PCOS. Vitamin D3's stimulating actions on

the aromatase enzyme, which decreases the synthesis of
dehydroepiandrosterone (an androgenic hormone), are
connected to this reduction [37]. Studies conducted by
Javed et al. and Sukul et al. support the beneficial effects
of vitamin D3 in improving insulin resistance in obese
PCOS women. Another beneficial effect of vitamin D3 is
reducing hepatic inflammation and fibrosis in obese PCOS
women with non-alcoholic fatty liver disease [22,21]. In
contrast, the cardio-vascular risk factors and testosterone
hormone levels were not changed after the intervention
with vitamin D3 [21]. Furthermore, co-supplementing
vitamin D3 with other micronutrients improves the
metabolic  disturbances and hormonal dysfunction
associated with PCOS [29], though there was no effect on
glucose fasting level. Similarly, Kadoura et al. found that
combining vitamin D3 with calcium and metformin
improved menstrual irregularity in PCOS women while
having no significant effects on gonadotropin hormone
levels, insulin resistance, or insulin sensitivity [19], which
is similar to the findings of another study in which the
integrated measures remained unchanged but two-hour
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insulin secretion and diastolic blood pressure in PCOS
women decreased. Gupta et al. revealed similar findings
regarding vitamin D3's preventive effect in women with
PCOS by lowering systolic blood pressure and improving
ovulation. It also improved insulin sensitivity while
lowering insulin resistance. However, there was no
influence on hormonal parameters [30]. Similarly,
Trummer et al. found comparable results with vitamin D3
since it had no substantial effect on hormonal or metabolic
parameters. Furthermore, during the oral glucose tolerance
test, there was a drop in plasma glucose after 1 hour [23].
In a retrospective study of obese women with PCOS
conducted on a large scale to evaluate the seasonal change
and lifestyle modification through elevating vitamin D3
levels, the results showed a modest increase in vitamin D3
levels and a reduction in body weight, which resulted in
improved menstrual irregularity, lower cholesterol levels,
and reduced cardiovascular risks, especially in the summer
and autumn seasons [34]. Lumme et al., on the other hand,
used a population-based study of women with PCOS who
shared similar genetic and ethnic backgrounds. There was
no link between vitamin D3 supplementation and
decreased risk factors for metabolic syndrome or
cardiovascular disease, despite several investigations [20].
Similarly, Garg et al. discovered that vitamin D3 had no
positive effect on metabolic markers in women with PCOS
[10]. Surprisingly, the study design can have an impact on
the outcome. For example, a cross-sectional study
conducted by Mesinovic et al. revealed no link between
vitamin D3 metabolites and androgen levels in pre-
menopausal women with PCOS, despite the majority of
studies agreeing on the relationship between vitamin D3
and androgen levels [15].

Conclusion

The majority of women with PCOS are vitamin D3
deficient, which exacerbates metabolic and hormonal
issues. A high dose of vitamin D3 may help to improve the
symptoms of the syndrome, notably in the treatment of
anovulation and the increase of female fertility.

Acknowledgment

The authors thank the support of the College of Pharmacy,
University of Sulaimani, Kurdistan Region, Irag.

Conflict of interests
No conflicting interests
Data sharing statement

N/A

Vitamin D and PCOS pathogenests

REFERENCES

1. Wild RA, Rizzo M, Clifton S, Carmina E. Lipid levels in polycystic
ovary syndrome: systematic review and meta-analysis. Fertil Steril.
2011;95:1073-1079.

2. Walters KA, Allan CM, Handelsman DJ. Rodent models for human
polycystic ovary syndrome. Biol Reprod. 2012;86(149):1-12. doi:
10.1095/biolreprod.111.097808.

3. Pludowski P, Holick MF, Pilz S, Wagner CL, Hollis BW, Grant WB,
et al. 2013. Vitamin D effects on musculoskeletal health, immunity,
autoimmunity, cardiovascular disease, cancer, fertility, pregnancy,
dementia and mortality-a review of recent evidence. Autoimmun Rev.
2013;12:976-89. doi: 10.1016/j.autrev.2013.02.004.

4. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop
group. Revised 2003 consensus on diagnostic criteria and long-term
health risks related to polycystic ovary syndrome (PCOS). Hum
Reprod Oxf Engl. 2004;19,:41-47. doi: 10.1093/humrep/deh098.

5. Macut D, Tziomalos K, Bozi¢-Anti¢ I, Bjeki¢-Macut J, Katsikis I,
Papadakis E, et al. Non-alcoholic fatty liver disease is associated with
insulin resistance and lipid accumulation product in women with
polycystic ovary syndrome. Hum Reprod Oxf Engl. 2016;31:1347-
1353. doi: 10.1093/humrep/dew076.

6. Lee TT, Rausch ME. Polycystic ovarian syndrome: role of imaging in
diagnosis. Radiographics. 2012;32:1643-1657.

7. Garg D, Tal R. The role of AMH in the pathophysiology of polycystic
ovarian syndrome. Reprod Biomed Online. 2016;33:15-28.

8. Selimoglu H, Duran C, Kiyici S, Ersoy C, Guclu M, Ozkaya G, et al.
The effect of vitamin D replacement therapy on insulin resistance and
androgen levels in women with polycystic ovary syndrome. J
Endocrinol Invest. 2010;33:234-238. doi: 10.1007/BF03345785.

9. Tal R, Seifer DB, Arici A. The emerging role of angiogenic factor
dysregulation in the pathogenesis of polycystic ovarian syndrome.
Semin Reprod Med. 2015;33(3):195-207. doi: 10.1055/s-0035-
1552582.

10. Garg G, Kachhawa G, Ramot R, Khadgawat R, Tandon N, Sreenivas
V, et al. Effect of vitamin D supplementation on insulin kinetics and
cardiovascular risk factors in polycystic ovarian syndrome: a pilot
study. Endocr Connect. 2015;4:108-116.

11. Nair-Shalliker V, Armstrong BK, Fenech M. Does vitamin D protect
against DNA damage? Mutat Res Mol Mech Mutagen. 2012;733:50-
57.

12. Maktabi M, Jamilian M, Asemi Z. Magnesium-zinc-calcium-vitamin
D co-supplementation improves hormonal profiles, biomarkers of
inflammation and oxidative stress in women with polycystic ovary
syndrome: a randomized, double-blind, placebo-controlled trial. Biol
Trace Elem Res. 2018;182:21-28.

13. Pal L, Berry A, Coraluzzi L, Kustan E, Danton C, Shaw J, et al.
Therapeutic implications of vitamin D and calcium in overweight
women with polycystic ovary syndrome. Gynecol Endocrinol.
2012;28:965-968.

14. Safaei Z, Bakhshalizadeh S, Nasr Esfahani MH, Akbari Sene A,
Najafzadeh V, Soleimani M, et al. Effect of vitamin D3 on
mitochondrial biogenesis in granulosa cells derived from polycystic
ovary syndrome. Int J Fertil Steril. 2020;14:143-149. doi:
10.22074/ijfs.2020.6077.

15. Mesinovic J, Teede HJ, Shorakae S, Lambert GW, Lambert EA,
Naderpoor N, et al. The relationship between vitamin D metabolites
and androgens in women with polycystic ovary syndrome. Nutrients.
2020;12:1219.

16. Grzesiak M, Burzawa G, Kurowska P, Blaszczyk K, Szlaga A, Blasiak
A, et al. Altered vitamin D3 metabolism in the ovary and periovarian
adipose tissue of rats with letrozole-induced PCOS. Histochem Cell
Biol. 2021;155(1):101-116. doi: 10.1007/s00418-020-01928-z.

17. Rashad NM, Abd El-Fatah AH, Lashin MEB, Abomandour HG,
Allam RM. 2019. Impact of vitamin D supplementation on cardio-
metabolic status and androgen profile in women with polycystic
ovary syndrome: placebo-controlled clinical trial. Middle East Fertil
Soc J. 2019;24:5. doi: 10.1186/s43043-019-0005-y.

18. Khan SH, Manzoor R, Shahid R, Shah Bukhari SAR, Anwar R. 2019.
Comparison of vitamin D status for hirsutism, biochemical



Raheem & Marouf

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

hyperandrogenism, glycemia and dyslipidemia among subjects with
polycystic ovarian syndrome (PCOS). J Womens Health Issues Care.
2019;8(4):2.

Kadoura S, Alhalabi M, Nattouf AH. Effect of calcium and vitamin D
supplements as an adjuvant therapy to metformin on menstrual cycle
abnormalities, hormonal profile, and IGF-1 system in polycystic
ovary syndrome patients: A randomized, placebo-controlled clinical
trial.  Adv  Pharmacol  Sci.  2019;2019:9680390.  doi:
10.1155/2019/9680390.

Lumme J, Sebert S, Pesonen P, Piltonen T, Jarvelin MR, Herzig KH,
et al. Vitamin D levels in women with polycystic ovary syndrome: A
population-based study. Nutrients. 2019;11:2831.

Sukul S, Bahinipati J, Das AK. Role of vitamin D in etiopathogenesis
and metabolic abnormalities seen in polycystic ovarian syndrome.
Asian J Pharm Clin Res. 2019;12:215-219.

Javed Z, Papageorgiou M, Deshmukh H, Kilpatrick ES, Mann V,
Corless L, et al. A randomized, controlled trial of vitamin D
supplementation on cardiovascular risk factors, hormones, and liver
markers in women with polycystic ovary syndrome. Nutrients.
2019;11:188.

Trummer C, Schwetz V, Kollmann M, Wélfler M, Miinzker J, Pieber
TR, et al. Effects of vitamin D supplementation on metabolic and
endocrine parameters in PCOS: a randomized-controlled trial. Eur J
Nutr. 2019;58(5):2019-2028. doi: 10.1007/s00394-018-1760-8.
Dastorani M, Aghadavod E, Mirhosseini N, Foroozanfard F, Modarres
SZ, Siavashani MA, et al. The effects of vitamin D supplementation
on metabolic profiles and gene expression of insulin and lipid
metabolism in infertile polycystic ovary syndrome candidates for in
vitro fertilization. Reprod Biol Endocrinol. 2018;16:94.

Krul-Poel YHM, Koenders PP, Steegers-Theunissen RP, Ten Boekel
E, Wee MMT, Louwers Y, et al. Vitamin D and metabolic
disturbances in polycystic ovary syndrome (PCOS): A cross-sectional
study. PLoS One. 2018;13(12):e0204748. doi:
10.1371/journal.pone.0204748.

Foroozanfard F, Talebi M, Samimi M, Mehrabi S, Badehnoosh B,
Jamilian M, et al. Effect of two different doses of vitamin D
supplementation on metabolic profiles of insulin-resistant patients
with polycystic ovary syndrome: A randomized, double-blind,
placebo-controlled trial. Horm Metab Res. 2017;49(8):612-617. doi:
10.1055/5-0043-112346.

Subashree |, Valvekar UR, Prasad G. Study of serum calcium and
vitamin D levels with hormonal profile along with biochemical
profile in women with polycystic ovary syndrome. Int J Reprod
Contracept Obstetr Gynecol. 2017;6(9):4075.

Irani M, Seifer DB, Grazi RV, Irani S, Rosenwaks Z, Tal R. 2017.
Vitamin D decreases serum VEGF correlating with clinical

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

Vitamin D and PCOS pathogenests

improvement in vitamin D-deficient women with PCOS: A
randomized placebo-controlled trial. Nutrients. 2017;9(4):334. doi:
10.3390/nu9040334.

Karamali M, Ashrafi M, Razavi M, Jamilian M, Kashanian M, Akbari
M, et al. The effects of calcium, vitamins D and K co-
supplementation on markers of insulin metabolism and lipid profiles
in vitamin D-deficient women with polycystic ovary syndrome. Exp
Clin Endocrinol Diabetes. 2017;125:316-321.

Gupta T, Rawat M, Gupta N, Arora S. 2017. Study of effect of vitamin
D supplementation on the clinical, hormonal and metabolic profile of
the PCOS women. J Obstet Gynecol India. 2017;67:349-355.
Bakhshalizadeh S, Amidi F, Alleyassin A, Soleimani M, Shirazi R,
Shabani Nashtaei M. Modulation of steroidogenesis by vitamin D3 in
granulosa cells of the mouse model of polycystic ovarian syndrome.
Syst Biol Reprod Med. 2017;63:150-161. doi:
10.1080/19396368.2017.1296046.

Raja-Khan N, Urbanek M, Rodgers RJ, Legro RS. The role of TGF-f
in polycystic ovary syndrome. Reprod Sci. 2014;21(1):20-31. doi:
10.1177/1933719113485294.

Masszi G, Buday A, Novak A, Horvath EM, Tarszabo R, Sara L, et
al. Altered insulin-induced relaxation of aortic rings in a
dihydrotestosterone-induced rodent model of polycystic ovary
syndrome. Fertil Steril. 2013;99(2):573-578. doi:
10.1016/j.fertnstert.2012.09.024.

Thomson RL, Spedding S, Brinkworth GD, Noakes M, Buckley JD.
2013. Seasonal effects on vitamin D status influence outcomes of
lifestyle intervention in overweight and obese women with polycystic
ovary syndrome. Fertil Steril. 2013;99:1779-1785.

Sara L, Antal P, Masszi G, Buday A, Horvath EM, Hamar P, et al.
2012. Arteriolar insulin resistance in a rat model of polycystic ovary
syndrome. Fertil Steril. 2012;97:462-468.

Dehghani Firouzabadi R, Aflatoonian A, Modarresi S, Sekhavat L,
Mohammad Taheri S. Therapeutic effects of calcium & vitamin D
supplementation in women with PCOS. Complement Ther Clin Pract.
2012;18:85-88.

Bonakdaran S, Khorasani ZM, Davachi B, Khorasani JM. 2012. The
effects of calcitriol on improvement of insulin resistance, ovulation
and comparison with metformin therapy in PCOS patients: a
randomized placebo-controlled clinical trial. Iran J Reprod Med.
2012;10:465.

Rosen CJ, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Durazo-
Arvizu, RA, et al. 2012. IOM committee members respond to
Endocrine Society vitamin D guideline. J Clin Endocrinol Metab.
2012;97:1146-1152.



