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ABSTRACT

various studies and systematic review meta-analyses.

Polycystic ovary syndrome (PCOS) is a prevalent cause of ovarian dysfunction in women experiencing anovulation. It is
marked by chronic anovulation, hyperandrogenism, and/or polycystic ovaries visible on ultrasonography. The etiology
of PCOS is multifactorial, involving genetic and environmental factors, gonadotropins, and insulin. Vitamin D deficiency
is widespread among women with PCOS, with prevalence rates ranging from 67 to 85 percent.This deficiency islinked to
metabolic syndrome, posing significant public health concerns. Low levels of 25(OH)D may worsen PCOS symptoms
such as insulin resistance, menstrual irregularities, infertility, hyperandrogenism, obesity, and increase the risk of
cardiovascular diseases. Although many observational studies indicate a potential inverse relationship between vitamin
D status and metabolic disturbances in PCOS, the evidence remains inconclusive due to inconsistent findings from

INTRODUCTION

Polycystic ovarian syndrome (PCOS) is a prevalent endocrine
disorder among women of reproductive age, affecting about
18% of this population'. Symptoms typically include
menstrual irregularities, elevated androgen levels indicated
by lab tests, and clinical signs such as hirsutism and acne,
confirmed by the presence of ovarian cysts on
ultrasonography?. Furthermore, PCOS is often associated with
a higher incidence of cardiovascular diseases and metabolic
disorders, including obesity, hyperlipidemia, insulin
resistance, and diabetes mellitus, which together suggest the
diagnosis of PCOS when presentin a patient®.
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RecentResearch onVitaminD and PCOS
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ResearchFindings onVitamin D Levels in PCOS

* Conflicting results onVitamin D levels in PCOS vs. healthy
controls (higher,lower, same levels)®™**

* Average value of vitamin D reported as less than 20ng/ml

* General population shows a decline in vitamin D levels
down to 20ng/ml without health problems?®

Vitamin D, and metabolic parameters in PCOS patients

Insulinresistance
The exact mechanism linking vitamin D and insulin remains
|

unclear. Proposed mechanisms include vitamin D enhancing
insulin release, upregulating insulin receptors, and inhibiting
pro-inflammatory cytokines responsible for insulin
resistance. Additionally, improved calcium levels may also
contribute to reducing insulin resistance and enhancing
insulin secretion'®. However, recent research indicates no
significant correlation between insulin sensitivity and vitamin
D unless obesity is present!’. These conflicting results
necessitate further large-scale studies for confirmation. Some
studies have shown agreement between insulin resistance
and vitamin D levels only in the presence of obesity; this
association diminishes once obesity is mitigated®,”’.
Conversely, another study found that PCOS patients with very
low vitamin D levels exhibited insulin resistance despite
having a normal BMI’. Additionally, a statistical study
confirmed that the relationship between vitamin D and insulin
in PCOS patients is independent of BMI°. Most of these studies
are cross-sectional, highlighting the need for randomized
controlled intervention trials. Limited randomized controlled
trials have demonstrated that vitamin D supplementation
improves insulin release and sensitivity in PCOS patients, as
evidenced by reduced fasting glucose levels?®,2!,11,

Androgenlevels

Several studies have linked elevated androgen levels with
lower plasma levels of vitamin D, (250HD). Low plasma
vitamin D concentrations have been observed in hirsute
females with or without PCOS compared to normal controls®.
Conversely, non-hirsute females with PCOS typically show
normal vitamin D values®’. Moreover, PCOS patients have
shown a positive association between plasma vitamin D,
levels and sex-hormone-binding globulin (SHBG)?,,'°, and a
negative correlation with testosterone levels®. Additionally,
SHBG levels are inversely correlated with low vitamin D levels
in PCOS patients?,'°. To further validate these links between
vitamin D and androgen in PCOS, vitamin D supplementation
in PCOS women has been shown to normalize vitamin D
concentrations and reduce acne?®.

Body weight and body mass index (BMI)

Studies in PCOS patients have reported an inverse
relationship between BMI and plasma vitamin D
concentrations®,®,'*. Recent reports confirm that vitamin D

precursors are lower in overweight females with PCOS'°. This
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suggests that vitamin D deficiency in PCOS may primarily be
linked to obesity!’. Considering the lipophilic nature of
vitamin D, it tends to accumulate in adipose tissue, leading to
higher concentrations in overweight individuals?*. Similarly,
the utilization and metabolism of vitamin D may differ
between overweight and lean subjects.

Vitamin D and reproductive function in PCOS patients
The influence of vitamin D on reproductive function is
underscored by the presence of vitamin D receptors (VDRs)
in reproductive tissues such as ovaries, placenta, and
endometrium?’. Low plasma vitamin D levels can lead to
hypocalcemia, which has been associated with inhibition of
folliculogenesis in PCOS patients.This can result in menstrual
irregularities and impaired fertility?®,2’. Vitamin D
supplementation in PCOS patients focuses on its role in
metabolic pathways including glucose metabolism, insulin
receptors, and proinflammatory cytokines'®. Vitamin D
primarily influences insulin resistance, leading to reduced
hyperandrogenism, which in turn decreases ovarian
androgen production and increases sex-hormone-binding
globulin. This comprehensive approach aims to alleviate all
complications associated with PCOS (Figure 1)#°. Vitamin D
also influences reproduction through molecular mechanisms
that enhance follicular sensitivity to follicle-stimulating
hormone (FSH) and increase progesterone production?’.
VitaminD and systemic diseases in PCOS patients

Cardiovasculardiseases

Inadequate vitamin D levels adversely impact the
cardiovascular system, as vitamin D receptors (VDRs) are
abundant in endothelial cells of blood vessels and the heart.
Vitamin D deficiency is associated with increased risk of
cardiovascular morbidity and mortality®®,®!,%2,%, Plasma
vitamin D concentrations inversely correlate with
cardiovascular risk factors such as insulin resistance,
impaired glucose tolerance, dyslipidemia, elevated C-
reactive protein, triglycerides, low high-density lipoprotein
(HDL), and leptin®. Observational studies have shown a
coexistence of metabolic syndrome and low vitamin D levels
inPCOS patients®. Furthermore, vitamin D supplementation in
patients with cardiovascular diseases and metabolic
disturbances has resulted in decreased triglyceride levels,
improved insulin sensitivity and glycemic control, and
increased total cholesterol and low-density lipoprotein (LDL)
levels. However, no significant changes were observed in
blood pressure, waist circumference, and HDL levels',?.

Psychological diseases

Clinical features associated with PCOS (menstrual
irregularities, infertility, hirsutism, acne, and obesity)
contribute to mood disturbances in women. Studies suggest
that mood changes in PCOS may partly stem from vitamin D
deficiency, as vitamin D modulates neurotransmitter release
and function®*,®*,*°. A review highlighted four studies
demonstrating mood disturbances associated with low
plasma vitamin D levels in PCOS, including seasonal affective
disorder, depression, and low mood®’. Moreover, vitamin D
supplementation improved mood disorders in up to 50% of
patients, with improvements correlating with increased
plasma vitaminD levels®®.

DISCUSSION

Excessive androgen production by the ovaries and adrenal
glands is a primary characteristic of PCOS.PCOS serves as a
natural model demonstrating the impact of excess androgens
on bone health in females®’. In women with PCOS, the adverse
effect of amenorrhea on bone health is offset by the
overproduction of androgens’. Insulin resistance and
systemic hyperinsulinemia play a significant role in driving
hyperandrogenism in this syndrome. Insulin, in conjunction
with LH, stimulates androgen synthesis by ovarian theca cells
in vitro. Hyperinsulinemia, characterized by reduced insulin-

mediated glucose metabolism, has been observed in 10-25%
of overweight individuals during complex insulin secretion
studies®!. Conversely, there is evidence suggesting subdued
insulin sensitivity in lean individuals with PCOS, contrasting
with overweight individuals where these changes are
clinically significant, underscoring the substantial
contribution of adiposity to insulin resistance in PCOS“2,*2,

According to a study by Dunaif et al.*’, women with PCOS
exhibit significant insulin resistance independent of obesity,
body shape distortions, and glucose homeostasis
impairment. However, significant disparities in insulin
resistance have been noted between lean and overweight
women with PCOS, highlighting obesity as the factor most
severely impacting insulin resistance®. Both hyperinsulinemia
and adiposity likely contribute to the development of PCOS.
Low calcium intake has been proposed as a potential
contributor to obesity*’. However, our study did not find
differences in calcium levels between overweight and lean
women with PCOS. Serum 25-OH-D; concentrations were
significantly lower in overweight postmenopausal women
compared to healthy controls. Reduced sunlight exposure
due to decreased mobility in obese individuals, increased
vitamin D sequestration in adipose tissue, and suppression of
hepatic vitamin D production due to elevated 1,25-
dihydroxyvitamin D levels may contribute to the low levels of
25-OH-D; in overweight individuals‘®. Obesity-related
vitamin D deficiency may have functional implications, as
evidenced by anticipatory hyperparathyroidism observed in
overweight individuals with low 25-OH-VD concentrations®’.
Consistent with our findings, Hahn et al.” demonstrated that
increasing body mass was significantly associated with lower
28-hydroxyvitamin D concentrations in PCOS patients. Low
levels of 25-OH-VD may play a role in the development of
diabetic complications*®. Oral administration of 1,25-
dihydroxyvitamin D, prevented lean diabetic mice from
developing insulin-dependent diabetes, as reported by Zella
et al.”.Women with PCOS are at increased risk of developing
hyperglycemia and type 2 diabetes (T2DM)°. Vitamin D
deficiency is prevalent in women with T2DM*°.
Supplementation with vitamin D has been shown to improve
insulinlevels®.

CONCLUSION

This review concludes that maintaining adequate vitamin D
levels is crucial for preventing or managing significant
diseases, including PCOS. Vitamin D deficiency may
contribute to the initiation or progression of these conditions.

Recommendation

Administration of vitamin D should be considered as part of
comprehensive therapy for overweight PCOS patients with
low vitamin D levels, aiming not only to improve insulin
resistance but also to mitigate other associated
complications. Randomized controlled prospective studies
are warranted to explore the potential beneficial effects of
vitamin D supplementation in overweight individuals, with or
without PCOS, particularly in preventing type 1 and type 2
diabetes mellitus. There is an unfavorable relationship
between vitamin D levels and diabetes that merits further
investigation.
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