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Abstract \

A common health problem known as polycystic ovarian syndrome (PCOS), is characterized by irregular periods, an excess of
androgen production, and polycystic ovaries. It is one of the most prevalent endocrine disorders in women of reproductive age,
affecting 4-20% of women worldwide. Numerous studies have found a connection between the onset and symptoms of PCOS and
Vitamin D insufficiency. Vitamin D insufficiency causes calcium dysregulation and follicular arrest in women with PCOS, which is
connected to menstrual irregularities and fertility issues. Studies have connected PCOS metabolic alterations to VDR polymorph-
isms such as iApa-l, Tag-l, Cdx2, and Fok-I. Insulin resistance is directly related to Vitamin D, is one of the most distinctive char-
acteristics of the PCOS phenotype. Thus, it is suggested that Vitamin D therapy may help PCOS patients with their insulin sensitivity.
In addition to insulin resistance, cardiovascular issues are a second metabolic disturbance that PCOS patients with low Vitamin D
levels experience. Dyslipidemia is not linked to an increased risk of cardiovascular disease in PCOS-affected women. Vitamin D
dramatically improves glucose metabolism by increasing insulin production, insulin receptor expression and reducing pro-inflam-
matory cytokines. The effect of Vitamin D on the metabolic and reproductive dysfunctions associated with PCOS may be mediated
by an overall impact on insulin resistance. Vitamin D supplementation improved menstrual periods, increased folliculogenesis, and
decreased blood testosterone levels in PCOS patients, all of which had a significant impact on the ability to procreate. As a result, it
might be a cutting-edge therapeutic strategy for treating PCOS concurrently.
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Introduction HIGHLIGHTS

o The paper discusses the prevalence of Vitamin D deficiency
in women with polycystic ovary syndrome (PCOS) and the

Polycystic ovary syndrome (PCOS), is a frequent health issue
brought on by an imbalance of reproductive hormones. The
ovaries have issues as a result of hormonal imbalance. The ovaries potential impact of Vitamin D supplementation on symp-
produce the egg discharged each month as part of a regular toms of PCOS.
menstrual cycle. The egg may not mature normally or may not be o The paper highlights the potential link between Vitamin D
released during ovulation as it should be if PCOS is present'. deficiency and the development and progression of PCOS,
PCOS is a condition that alters the way a woman’s ovaries with low Vitamin D levels potentially contributing to
function. PCOS is characterized by irregular periods, an excess of insulin resistance and inflammation, which are hallmark
androgen production, and polycystic ovaries. If two of the three features of PCOS.
e The paper highlights that Vitamin D supplementation may
help improve symptoms of PCOS, including menstrual
irregularities, hirsutism, and insulin resistance.
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symptoms are present, a diagnosis is madel®!. With a prevalence

of 4-20% of women of reproductive age globally, it is one of the
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most frequent endocrine disorders among reproductive-aged
women!®, Many PCOS patients exhibit metabolic syndrome
symptoms such as visceral obesity, hyperinsulinemia, and insulin
resistance. These factors increase the risk of cardiovascular dis-
ease (CVD), type 2 diabetes, and gynaecological cancer, parti-
cularly endometrial carcinoma, in PCOS patients!*!.

Vitamin D aids in the regulation of calcium and phosphate
levels in the body. The nutrients are required to maintain the
health of bones, teeth, and muscles™!. The most frequent medical
issue in the world is Vitamin D insufficiency. According to stu-
dies, over 1 billion individuals worldwide suffer from Vitamin D
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deficiency, with around half of the world’s population suffering
from Vitamin D insufficiency!®!. Vitamin D may help to prevent
cancer, diabetes, migraine, and autoimmune disorders!” 1%,
There’s a lot of evidence indicating a link between Vitamin D
deficiency and PCOS development and symptoms!*!.

We attempted to present a short review of recent developments
in Vitamin D and PCOS in this paper, including the physiological
significance of Vitamin D in female reproduction, the link
between Vitamin D and reproductive ability, and PCOS meta-
bolic changes.

PCOS and reproductive cycle

The role of Vitamin D has been observed in the female repro-
ductive health of humans and that of other animals, which has led
researchers to believe that Vitamin D may be densely related to
the female reproductive cycle hormones as well as organs. The
presence of Vitamin D receptors (VDRs) in the granulosa cells
and the cumulus oophorus cells of humans and animals!®! sup-
ports the claim that Vitamin D plays a significant role in the
proper regulation of the female reproductive cycle. VDR and
traces of Vitamin D metabolizing enzyme were found in syncy-
tioblast procured from human culturing!'?. VDR was detected in
the decidua as well as the placenta!’®. The transcription of
dehydroepiandrosterone sulfotransferase and sulfate-conjuga-
tion of endogenous hydroxysteroids was also seen to be pro-
moted by VDR in humans!#. In the case of animals, researchers
found VDR expression in the endometrium of mice experiencing
the oestrous cycle®l. Evidence in support of the role of Vitamin
D playing a physiological part in the female reproductive cycle is
not limited to VDR but extends beyond that. An active form of
Vitamin D, 1,25(OH)2D3, was found to regulate the expression
and secretion of hormones such as human chorionic gonado-
tropin hormone and human placental lactogen. Another function
of active Vitamin D was found to regulate endometrial
decidualization"®'”]. In addition, the active Vitamin D was also
found to be a factor that could induce the in-vitro production of

hormones such as progesterone, estradiol, and estrone.
Oestrogen in females requires Vitamin D for its proper
biosynthesis! 8],

Studies have found that Vitamin D is important for regulating
the expression of anti-Mullerian hormone (AMH) in granulosa
cells and for follicle selection in hens!™®!. In humans, AMH plays a
vital role in folliculogenesis and ovarian dysfunction. Higher
levels of serum AMH have been observed in women with PCOS
compared to non-PCOS women. Therefore, serum AMH has
been used as a diagnostic and prognostic tool for the diagnosis of
PCOS in women. These findings suggest that Vitamin D may have
an indirect impact on the diagnosis of PCOS through its effect on
AMH levels??. In addition to raised levels of AMH, PCOS
patients were also observed to have lower follicular fluid Vitamin
D levels™®!. The connection between serum AMH levels and
Vitamin D as a vital substance for proper folliculogenesis was
seen when Vitamin D treatment decreased serum AMH levels in
PCOS patients??. In addition to decreasing serum AMH levels,
Vitamin D therapy also increased serum anti-inflammatory
soluble receptors for end-products of advanced glycation in
Vitamin D-deficient PCOS patients®!. Thus Vitamin D therapy,
coupled with metformin therapy and calcium supplementation,
could have therapeutic effects on menstrual regularity and

ovulation of PCOS patients®*. Ovarian marker such as AMH is
seen to have an essential correlation with Vitamin D. This rela-
tionship becomes evident when it was observed that the expres-
sion and serum levels of AMH are altered by deficiency of
Vitamin D?*28, It is speculated that the AMH gene mediation
plays a role in the ovulatory dysfunction, thus the impact of
Vitamin D serum levels, and deficiency of it, on AMH indirectly
affects the ovulatory functions. Upon investigating the correla-
tion between Vitamin D and the female reproductive cycle,
Vitamin D was observed to be related to steroidogenesis and
serum and cellular AMH levels. It was also observed that the
mRNA for VDR and its relative protein levels were found to be
increased after the administration of an active form of Vitamin
D31, A study by Merhi et al.*®! revealed that active Vitamin D;
1,25-dihydroxyvitamin D3 had an impact on the AMH sensi-
tivity of granulosa cells in women who had undergone oocyte
retrieval in in-vitro fertilization (IVF). Vitamin D also increases
the levels of progesterone, estrone, and oestrogen in the blood as;
it also increases the level of oestrogen and progesterone in the
human placenta. An increase in insulin-like growth factor-bind-
ing protein-1 production in the ovarian cells of humans was also
noted, according to a study conducted by researchers!>?*!,

These findings demonstrate the physiological role of Vitamin D
in female reproductive health. Along with these findings, it was
also noted that Vitamin D decreased the serum testosterone level
while increasing insulin sensitivity*®!. Considering all these
physiological effects of Vitamin D on female reproductive health,
a positive effect of Vitamin D in PCOS patients was presented.
Although there is still a lapse in the extensive investigation of this
proposal, it was suggested that Vitamin D has a positive impact
on the endometrial alteration of PCOS patients! !,

Aggravation of PCOS symptoms due to Vitamin D
deficiency

A growing body of evidence indicates that Vitamin D is essential
to reproductive health. Ovarian, endometrial, and placental
VDRs have been found. Menstrual imbalance and fertility dys-
function are linked to Vitamin D deficiency, which causes calcium
dysregulation and follicular arrest in women with PCOSP!.,

In a small uncontrolled study, researchers investigated whether
Vitamin D and calcium dysregulation contribute to a follicular
arrest resulting in menstrual and reproductive dysfunction. A
study of 13 Vitamin D-deficient PCOS women [mean 25(OH)D
value of 11-2 ng/ml] showed that combining Vitamin D with
calcium boosted 25(OH)D levels within 2—3 months of treatment
to within the normal range (30-40 ng/ml). Within 2 months,
seven of the nine women with menstrual dysfunction experienced
normalized menstrual cycles, two became pregnant, and the other
four maintained regular menstrual cycles!®!l.

Vitamin D’s therapeutic efficacy in PCOS-associated metabolic
parameters has been evaluated in several pilot studies. It was
reported in a study dated 1990 that seven of nine oligomenorrheic
women with PCOS undergoing Vitamin D and calcium supple-
mentation over six months had their menstrual cycle
normalized®?!. Similarly, 60 women with PCOS undergoing a
later study who were randomized into three groups and given
calcium and Vitamin D supplements, metformin, or both con-
firmed these results. Three months after the treatment, the com-
bination group had more dominant follicles®?!,
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On 57 women with PCOS in 2011, Wehr and colleagues
examined the effects of 20,000 TU Vitamin D weekly for 24 weeks
on endocrine and metabolic parameters. Women with PCOS,
previously affected by menstrual disturbances (30.4%), reported
that their periods had improved after 12 weeks; after 24 weeks,
23 out of 46 women (50.0%), who were at baseline oligo-ame-
norrheic, reported that their periods had improved. During the
study, 4 out of 16 women who were trying to get pregnant at the
beginning of the research successfully conceived3.

As a result of Vitamin D repletion administered weekly or
biweekly in combination with the administration of 1500 mg
calcium daily, seven out of thirteen premenopausal women with
chronic anovulation and hyperandrogenism experienced nor-
malization of menstrual cycles and two became pregnant.
Furthermore, all three women with acne vulgaris experienced
clinical improvements in their condition!>*!,

Another study tested 57 women whose glucose metabolism
and menstrual frequency were improved, though their BMI did
not change as a result of taking Vitamin D3 for 24 weeks®*!. The
cardiovascular system may be adversely affected by Vitamin D
deficiency, according to emerging research. Vascular smooth
muscle and endothelium contain VDRs, and large cohort studies
have found a link between Vitamin D deficiency and an increased
risk of CVD and mortality. The association between low Vitamin
D levels and an increase in CVD risk factors other than insulin
resistance has also been demonstrated in PCOS women, including
increased levels of total cholesterol, systolic and diastolic blood
pressure, glucose, C-reactive protein, triglycerides, high-density
lipoprotein cholesterol, total cholesterol!®!),

Several PCOS symptoms and potential health issues, including
infertility, irregular periods, increased hair growth, obesity, and
acne, can contribute potential for mental health problems,
including depression. The psychological response to PCOS
symptoms may be mediated by hormones and neurotransmitters,
making depression and Vitamin D deficiency more fundamentally
linked. There was evidence that low 25(OH)D levels are asso-
ciated with mood disorders (premenstrual syndrome, seasonal
affective disorder, unspecified mood disorder, and major
depressive disorder) in a review of four studies published in
200881,

These studies imply that Vitamin D supplementation may have
arole in treating PCOS, although more research is needed. Large
randomized controlled trials are needed to further understand the
effect of Vitamin D supplementation in women with PCOS.

Effects of Vitamin D deficiency in various genotypes
of PCOS

VDR polymorphisms are thought to contribute to or increase the
risk for PCOS. In accordance with this theory, 1,25[OH]|2D
controls several hundred genes, including some relevant to glu-
cose homoeostasis. Studies have linked VDR polymorphisms,
such as iApa-I, Taq-l, Cdx2, Bsm-I, and Fok-I, to metabolic
changes in PCOS. The rs757343 single-nucleotide polymorphism
was also associated with the severity of PCOS symptoms but not
with the risk of developing the underlying condition!®*!.

Despite the relatively small sample sizes, numerous studies
suggest an association between VDR polymorphism and PCOS
and insulin resistance!®®37-381, Researchers found differences in
the distributions of several VDR gene polymorphisms, including
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Apa-I and Fok-1, in a cohort of 162 women with PCOS and their
controls. The variation in the VDR, which affects the levels of
luteinizing hormone (LH) and sex hormone binding globulin
(SHBG) and testosterone, may be linked to PCOSP?!,

According to research from Iran, the distribution of VDR
polymorphisms between people with PCOS and those without
did not differ significantly*®). Nonetheless, other studies have
indicated that VDR polymorphisms, such as the Taqg-I genotype,
are more frequent in PCOS and are associated with higher levels
of LH and testosterone. This suggests the Taqg-I genotype may be
associated with a higher risk of PCOS. According to another
study, polymorphisms were similar between PCOS and control
groups, but PCOS patients with heterozygous genotypes had
lower Vitamin D levels*°),

An Austrian study that included 545 PCOS and 145 control
patients found an association between VDR Cdx2 and insulin
metabolism, whereas VDR Apa-I was associated with
hyperandrogenemia*®!. Polymorphisms related to VDR did not
appear to affect PCOS susceptibility. Additionally, a study
including 56 PCOS women from Iran identified an association
between elevated serum levels of LH and VDR Tag-I as well as a
relationship between lower levels of SHBG and VDR Bsm-1°7),

Moreover, in another study, VDR Apal gene polymorphisms
were linked to testosterone levels in PCOS women, while VDR
Cdx2 variants were associated with insulin sensitivity. VDR Bsm-
I and VDR Tagq-I gene polymorphisms were also linked to low
SHBG levels and high LH levels, respectively!*!,

It is currently too early to draw any firm conclusions about the
relationship between VDR polymorphisms and the severity of
PCOS symptoms. Still, continued research into polymorphic
variants could allow us to understand more about this common
disease.

Vitamin D and insulin resistance

Although the deficiency of Vitamin D prevails in the general
public, it is one of the most common findings in PCOS
patients!>!-**#21 One of the most characteristic findings of the
PCOS phenotype is resistance to insulin, which is closely linked to
Vitamin D. Thus, it is said that Vitamin D therapy may improve
insulin sensitivity in PCOS patients!*****], Insulin synthesis and
release are said to be enhanced by the increase in the expression of
insulin receptors, via Vitamin D therapy!***®!. In patients with
PCOS, the relationship between Vitamin D and insulin resistance
does not seem to be aggravated or connected to obesity.
According to one of the speculations made by researchers, it can
be assumed that Vitamin D appears to have a positive impact on
insulin receptors and insulin responsiveness for glucose because
active Vitamin D activates the transcription of the insulin gene.
This hypothesis is also supported by the fact that there is a pro-
moter region on the human insulin gene, which is responsive to
Vitamin DP**7*8] Insulin resistance is often associated with
increased chances of developing metabolic such as diabetes mel-
litus as well as cardiac issues!*”). The metabolic disturbances
caused in PCOS patients due to Vitamin D deficiency are not fully
understood yet and are still being researched®®!,

In a recent meta-analysis, it was noted that when Vitamin D is
given continuously at doses that are less than 4000 IU/day, it
improves glucose metabolism and insulin resistance!®'*?!, It also
seemed to have beneficial effects on menstrual frequency and
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hyperandrogenism®**3), In a recent study by Zeeshan et al.,
Vitamin D supplementation results were placed against a placebo
control group; Vitamin D Supplementation showed improve-
ments in alanine aminotransferase and insulin resistance. This
study explored the beneficial impacts of Vitamin D supplements,
which were found to be modest improvements in insulin resis-
tance characteristics in obsessing Vitamin D-deficient women

with PCOSP4.

Vitamin D deficiency and metabolic risk factors
in PCOS women

According to a study conducted by Georgopoulos et al.l>%],
women with PCOS were found to have a lower basal metabolic
rate compared with women without PCOS. Upon extensive
research, it was concluded that Vitamin D plays a vital role in
various metabolic pathways. Thus deficiency of Vitamin D leads
to many metabolic irregularities, such as causing and aggravating
the pathogenesis of insulin resistance and PCOS, as both depend
on serum Vitamin D levels®®. Another study by Thompson
et al.BY suggested a link between the level of Vitamin D in
females and the hormonal and metabolic disorders found in
PCOS cases. Thus based on these findings, it is proposed that
Vitamin D supplementation may result in effective modification
of hormonal and metabolic disturbances in PCOS patients®”’,
In addition to insulin resistance, cardiovascular disorders are
another metabolic disturbance observed in patients with PCOS.
Vitamin D deficiency was associated with an increased risk of
cardiovascular diseases>®°?). In addition, research conducted on
PCOS revealed an inverse relationship between Vitamin D levels
and the risk of cardiovascular diseases in women with PCOS!®?!,

Vitamin D and metabolic diseases

Another downside of PCOS has been found in investigations. A
meta-analysis concluded results in support of a pattern of dysli-
pidemia in PCOS patients!®!l. According to a study conducted by
Hahn et al.!®?, the correlation between various patterns of dys-
lipidemia and Vitamin D deficiency was observed. It was con-
cluded that lower levels of active form of Vitamin D were
inconsistent with features of PCOS such as dyslipidemial®3!.
Obesity, disturbing levels of triglyceride, and total cholesterol are
very frequently characteristic of PCOS. In a study conducted by
Rasha et al.!®*. it was observed that in Egyptian patients with
PCOS, there was a significant decrease in GABA levels compared
to normal females. This deficiency of serum GABA was asso-
ciated with dyslipidemia and low testosterone levels in light of
Vitamin D deficiency.

Dyslipidemia is inconsistent with an increased risk of cardio-
vascular disease in women with PCOS. According to Jiaxi
et al.!®! it was found that Vitamin D supplements demonstrated
a reduction in lipid metabolism in patients with PCOS. The effects
of Vitamin D supplementation on the regulation of dyslipidemia
and improvement of lipid metabolism in PCOS patients have
been proven only statistically via meta-analysis. Still, they have
yet to be proven in a significant manner in clinical trials. In
accordance with the increased prevalence of Vitamin D deficiency
and dyslipidemia seen in PCOS, a linkage between the two has
been established. Thus Vitamin D supplements are considered
a viable therapy option that may be utilized in patients with

dyslipidemia due to PCOS, as it may prove to be an add-on
therapy with decreased risks.

Therapeutic use of Vitamin D in PCOS

Vitamin D has been proven to have therapeutic uses in PCOS
based on the prognosis of PCOS. Vitamin D significantly
enhances insulin synthesis and increases insulin receptor expres-
sion while suppressing pro-inflammatory cytokines, thus
improving glucose metabolism!®®). Vitamin D’s influence on
PCOS metabolic and reproductive dysfunctions might be medi-
ated through an overall effect on insulin resistance. Compared
with the placebo group, Vitamin D treatment significantly
reduced fasting plasma glucose; insulin resistance, or serum
fasting insulin, showed significant improvement. In addition, four
investigations found that the mean blood triglyceride level
decreased significantly!®”!,

In a study conducted by Dastorani et al.[8]. infertile women
with PCOS who were candidates for IVF were given 50 000 IU of
Vitamin D every other week for 8 weeks, which resulted in sig-
nificant reductions in blood levels of AMH and insulin. Overall,
this study showed that taking 50 000 IU of Vitamin D every other
week for 8 weeks improved insulin metabolism and several lipid
profile measures in infertile women with PCOS who were can-
didates for IVF.

Menstrual regularity was shown in 70% of the patients who
took calcium, Vitamin D, and metformin, and the follicular
response was seen in 28 % of the patients, even though there was
no statistically significant difference between the two groups
following therapy, according to Raziah et al.!°®!. Treatment with
Vitamin D might compensate for Vitamin D insufficiency, sig-
nificantly raise vitamin levels, and lower BMI. In addition,
Vitamin D supplementation may be beneficial in treating PCOS
patients, not just for improving insulin resistance and infertility.

Conclusion

We outlined how Vitamin D affects PCOS-related metabolic
changes, reproductive ability, and mental wellness. The Vitamin
D levels in PCOS patients’ serum and follicular fluid were lower in
prior research. Serum testosterone levels, IR parameters, and
body fat mass all had unfavourable correlations with Vitamin D
levels. Vitamin D therapy enhances IR and lipid metabolism,
lessening PCOS patients’ metabolic problems. Additionally,
Vitamin D supplementation helps PCOS patients with their
mental issues. To fully understand the effect of Vitamin D in
PCOS, more research including cell culture, animal models, and
ultimately human studies is required. Clinicians need clinical
trials to identify the best therapy protocols.

In conclusion, it was highlighted in this review how PCOS and
circulating 25(OH)D are related, as well as how Vitamin D affects
PCOS women’s capacity to conceive, metabolic changes, and
mental health. Therefore, when treating PCOS patients, espe-
cially those who also had metabolic syndrome, hypovitaminosis
D should be taken into consideration. Patients with PCOS who
took Vitamin D supplements had improved menstrual cycles and
folliculogenesis as well as lower serum testosterone levels, which
were all positive effects on their capacity to reproduce. Therefore,
it might be a novel therapeutic approach for treating PCOS in
combination.
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