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Abstract: Vitamin D (VD) is a fat-soluble steroid hormone with crucial physiological functions
beyond calcium and bone metabolism. In recent years, the role of VD in women’s reproductive health
has garnered significant attention. It has been implicated in ovarian function, follicular development,
endometrial receptivity, and the regulation of steroid hormone production. VD deficiency has been
associated with a range of reproductive health disorders, including Polycystic Ovarian Syndrome
(PCOS), endometriosis, and infertility. Studies indicate that up to 40-50% of healthy pregnant women
exhibit deficient serum VD levels, which may be linked to adverse pregnancy outcomes and impaired
fertility. VD plays a key role in regulating ovarian function, promoting proper follicular
development, and modulating the immune response in reproductive tissues. Its deficiency has been
linked to insulin resistance, hormonal imbalances, and inflammatory processes, all of which
contribute to the pathophysiology of reproductive disorders. This review synthesizes current
research on VD's therapeutic potential in managing these disorders and enhancing fertility outcomes,
emphasizing the importance of maintaining adequate VD levels for optimal reproductive health.
Understanding the reference values for VD in reproductive medicine is essential for optimizing
fertility treatments and improving clinical outcomes in women with reproductive health disorders.

Keywords: vitamin D; reproductive health; fertility; infertility; endometriosis;
polycystic ovarian syndrome

1. Introduction

VD is a fat-soluble substance essential for overall health, extending beyond its well-known role
in bone metabolism to influence various physiological processes. The biologically active form,
calcitriol (1,25(OH)2D3), exerts its effects through both genomic and non-genomic mechanisms [1].
Genomically, VD binds to the cytoplasmic vitamin D receptor (VDR), while non-genomic actions
occur via interactions with membrane-bound VDR. These receptors are distributed throughout the
human body, including reproductive tissues in both males and females [2,3].

In the male reproductive system, VDR is expressed in Sertoli and Leydig cells, germ cells,
developing spermatozoa, and mature sperm. In females, VDR is present in the uterus, ovaries, and
reproductive tract, as well as in the placenta during pregnancy [4]. Given its widespread distribution,
VD plays a pivotal role in reproductive health by regulating processes such as ovarian
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steroidogenesis, folliculogenesis, spermatogenesis, and acrosome reaction. Moreover, VD levels have
been correlated with sperm quality and ovarian reserve, underscoring its relevance in fertility [5].

Deficiencies in VD have been implicated in reproductive disorders, including polycystic ovarian
syndrome (PCOS), endometriosis, and infertility. Observational studies suggest that inadequate VD
levels may negatively impact reproductive function by influencing hormonal balance, follicular
development, and implantation processes [6]. Additionally, VD plays a role in conception and
placental development, emphasizing its significance in sustaining reproductive health.

VD plays a multifaceted role in fertility, with studies indicating that adequate levels are
associated with improved ovarian reserve and enhanced outcomes in assisted reproductive
technologies like in vitro fertilization (IVF) [7]. Conversely, VD deficiency has been linked to reduced
anti-Miillerian hormone (AMH) levels, a key marker of ovarian reserve, and decreased fertility
potential [8]. In PCOS, a prevalent endocrine disorder marked by hyperandrogenism, ovulatory
dysfunction, and polycystic ovarian morphology, 67-85% of affected women exhibit serum 25-
hydroxy VD levels below 20 ng/mL, correlating with insulin resistance, menstrual irregularities,
hyperandrogenism, and heightened cardiovascular risk factors [9,10]. VD supplementation has
demonstrated potential in mitigating these manifestations by improving menstrual regularity,
enhancing folliculogenesis, and lowering serum testosterone levels, making it a promising adjunctive
therapy in PCOS management. Regarding endometriosis, a chronic condition characterized by the
ectopic growth of endometrial-like tissue, VD’s role remains complex. Some studies suggest that VD
modulates immune responses and inflammation, potentially influencing disease progression, while
others find no significant effect of VD supplementation on symptoms [11,12].

Given the accumulating evidence linking VD to reproductive function and pathology, this review
aims to critically evaluate the molecular and endocrine mechanisms underlying VD’s influence on
fertility, endometriosis, and PCOS. By synthesizing recent findings, this analysis seeks to elucidate VD’s
potential as a therapeutic target for improving reproductive health and fertility outcomes.

2. Vitamin D Structure and Metabolism

VD is a fat-soluble steroid hormone with diverse physiological roles. Among its functions, VD
acts as an immunomodulator and anti-proliferative mediator while also playing a pivotal role in
maintaining calcium, magnesium, and phosphate homeostasis [13]. Recent studies report that up to
40-50% of healthy pregnant women exhibit deficient serum VD levels (<20 ng/ml), despite
concentrations below 30 ng/ml now being recognized as inadequate [14]. VD deficiency is associated
with a range of adverse outcomes during pregnancy, including congenital abnormalities, and is a
notable risk marker for complications. Furthermore, inadequate VD levels have been linked to
fertility challenges and reduced success rates in IVF [13,14].

The primary source of VD synthesis is cutaneous production, accounting for approximately 90% of
total VD through ultraviolet (UV) light exposure, while dietary intake contributes the remaining 10% [15].
Foods with high VD concentrations include fatty fish, beef liver, cheese, egg yolks, and fortified milk [16].
Lesser amounts of VD are found in mushrooms, cereals, chicken, beef, and various vegetables. The
recommended daily intake is 600 IU for individuals under 70 years old and 800 IU for those over 70 [17].

VD is a steroid hormone with two primary forms: vitamin D2 (D2) and vitamin D3 (D3). D3 is
synthesized in the skin from 7-dehydrocholesterol (7-DHC) upon ultraviolet B (UVB) exposure, while
D2 is derived from ergosterol in plants and fungi, typically obtained through dietary sources [18,19].
Both forms of VD circulate in the bloodstream bound to the vitamin D-binding protein (DBP) and
undergo sequential hydroxylation in the liver and kidneys.

In the liver, D2 and D3 are hydroxylated by 25-hydroxylase to form 25-hydroxyvitamin D (25-OH-
VD or calcifediol), the major circulating form with a half-life of approximately 14 days [20]. Calcifediol is
subsequently hydroxylated by 1-alpha-hydroxylase in the kidneys, producing the biologically active
metabolite, 1,25-dihydroxyvitamin D (1,25-OH-2D or calcitriol). This active form plays a crucial role in
calcium and phosphate homeostasis and regulates cellular processes integral to reproductive health

d0i:10.20944/preprints202502.0237.v1
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[20,21]. Notably, 1-alpha-hydroxylase is also expressed in extra-renal tissues, including the ovaries, brain,
mammary glands, prostate, and colon, allowing localized synthesis of active VD [22,23].

Calcitriol exerts its physiological effects by binding to the vitamin D receptor (VDR) in target
tissues, such as the uterus and ovaries, to modulate gene expression and cellular functions. Its actions
are essential for reproductive health, influencing calcium absorption, steroidogenesis, and immune
modulation. These functions are particularly relevant in fertility and endometriosis, where VD
impacts ovarian function, implantation, and inflammation [24].

The degradation of VD metabolites occurs through two primary pathways: the C24 oxidation
and the C23 lactone pathways. These pathways, mediated by CYP24A1 (24-hydroxylase), convert
calcifediol and calcitriol into their inactive forms, such as calcitroic acid, which are excreted in bile
and feces. Tight regulation of these metabolic processes ensures a balance of calcitriol levels,
preventing toxicity and maintaining calcium homeostasis, which is particularly crucial during
pregnancy and in conditions such as endometriosis [20,21].

The hormonal form of VD, 1,25(0OH)2D, exhibits paracrine and autocrine functions across a
range of tissues, including the skin, immune system, parathyroid gland, intestinal epithelium,
hypothalamic-pituitary axis, prostate, and breast. These biological actions are mediated by the VDR,
which is widely distributed in cells, including those within the reproductive system [19].The
interaction of the hypothalamic-pituitary axis with VDR underscores a potential regulatory role in
reproductive physiology. This axis coordinates reproductive function through hormonal signaling
pathways, with the hypothalamus releasing hormones that stimulate the pituitary gland to secrete
reproductive hormones targeting the gonads [25].

VDR expression is notably prevalent in the female reproductive system, including the ovaries,
uterus, placenta, and endometrium. Within ovarian follicles, VDR facilitates the physiological actions
of 1,25(0OH)2D3, underscoring its critical involvement in gonadal function [19,25]. These findings
highlight the direct implications of VD in fertility and broader aspects of reproductive health,
establishing its significance in gynecological endocrinology and metabolism.

A) VD Absorption and Synthesis
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Figure 1. This figure illustrates the role of VD in synthesis, activation, and reproductive health. A) VD absorption
and synthesis: VD is obtained from UVB exposure and dietary sources, leading to the formation of cholecalciferol

(D3) and ergocalciferol (D2), which undergo hydroxylation in the liver and kidneys to become the active form,
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calcitriol (1,25(OH).D). B) Activation: Calcitriol is synthesized in the kidneys and locally in various tissues,
including the ovaries, prostate, brain, colon, and breast, through 1-a hydroxylase activity. C) VDR expression in
reproductive health: In males, VDR is present in Sertoli and Leydig cells, influencing sperm maturation and
testosterone production. In females, VDR plays a role in placental function, ovarian hormone synthesis, and

uterine implantation, processes that are often disrupted in endometriosis and PCOS, contributing to infertility.

3. Vitamin D Deficiency

VD deficiency is a global health concern, with prevalence rates varying by geographic region,
age, and other socio-demographic factors. In particular, it is a widespread issue in both developed
and developing countries, with significant implications for women's reproductive health. Elevated
body mass index (BMI) and specific ethnicities, particularly Asian and African-American
populations, have been identified as significant risk factors for VD deficiency, with Asian individuals
at particularly high risk [18]. A comprehensive epidemiological study conducted across Mexico,
Chile, and Brazil revealed that the Mexican population exhibited the highest prevalence of VD
deficiency, with 67% of postmenopausal women affected [17]. In particular, individuals with obesity
have lower bioavailability of VD due to its sequestration in adipose tissue, which leads to suboptimal
circulating levels [21]. These findings are concerning as VD is essential not only for skeletal health
but also for optimal reproductive function [26]. The broad epidemiological data indicate that anyone,
regardless of their health status or demographic characteristics, may be vulnerable to VD deficiency,
making it an important public health concern globally [20,27].

4. Correlation Between Vitamin D with Ovarian Reserve, Steroidogenesis, and
Follicular Development

VD exhibits anti-inflammatory and immunomodulatory effects, it has shown to contribute to
immune regulation by suppressing pro-inflammatory cytokines, including tumor necrosis factor-
alpha (TNF-a), interleukin-1 (IL-1), and IL-6, while enhancing the expression of anti-inflammatory
cytokines [28,29]. A significant correlation between VD levels and follicular development has been
observed, suggesting that VD is essential for proper ovarian function and fertility [30].

In particular, research by Safaei et al (2020), demonstrated that VD affects the expression of
crucial genes involved in follicular development and steroidogenesis in human granulosa cells. The
study reported that the presence of VD in granulosa cell cultures increased the mRNA expression of
AMH and the follicle-stimulating hormone (FSH) receptor gene, both of which play pivotal roles in
follicular maturation and selection [31,32]. Moreover, the presence of the VDR in ovarian tissues has
been confirmed, and stimulating granulosa cells with calcitriol resulted in increased production of
important reproductive hormones such as progesterone, estradiol, and estrone [33,34]. These findings
collectively suggest that VD has a critical role in regulating follicular development and steroid
hormone production.

Additionally, a correlation has been observed between VD concentrations in serum and
follicular fluid, indicating that VD may be crucial for follicular maturity and development [30]. A
meta-analysis conducted by McLaughlin et al. (2021), concluded that higher circulating VD levels in
women undergoing IVF are associated with increased rates of live births. This emphasizes the role of
adequate VD concentrations in supporting reproductive success during assisted reproduction
treatments [35,36].

Recent studies have also explored the influence of VD levels on the expression of transcription
factors critical for reproductive health. The HOXA10 and HOXA11 genes, which play key roles in the
development of reproductive tissues, are expressed in the endometrial stromal cells of adult women
[37]. These transcription factors are essential for the success of embryo implantation and fertility, as
they facilitate continuous tissue proliferation and differentiation [38]. Research by Ozkan et al (2019),
revealed that adequate VD levels are associated with higher expression of HOXA10 mRNA,
particularly during the luteal phase of the menstrual cycle, which is crucial for implantation and


https://doi.org/10.20944/preprints202502.0237.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0237.v1

5 of 22

endometrial receptivity [39]. In contrast, women with VD deficiency or insufficiency exhibit reduced
expression of HOXA10, potentially impairing reproductive outcomes [40].

Further supporting these findings, Ozkan et al (2019), conducted a prospective cohort study that
showed women with higher VD levels in follicular fluid were significantly more likely to achieve
successful implantation and pregnancy, with gestational sacs detected on ultrasonography, whether
intrauterine or ectopic [40]. Similarly, a retrospective study by Rudick et al (2020), found that VD
insufficiency was linked to lower clinical pregnancy rates in women undergoing assisted
reproductive treatments, further emphasizing the importance of maintaining optimal VD levels for
reproductive success [37].

5. Vitamin D Receptor on Reproductive-Associated Tissues

VD plays a significant role in fertility, with its importance emphasized by the widespread
distribution of the VDR in both central and peripheral reproductive tissues in males and females [23].
VDRs have been detected in various reproductive organs and cells, including the hypothalamus,
pituitary gland, ovaries, granulosa cells, endometrium, placenta, decidua, testicles, and
spermatogenesis cells [41,42]. The human placenta expresses CYP27B1, which encodes the enzyme 1-
alpha hydroxylase responsible for converting VD into its active form, calcitriol. This suggests that the
placenta can synthesize active VD, which is critical for regulating pregnancy outcomes, immune
responses, and placental development [43]. In the pituitary gland, it plays a role in regulating the
secretion of hormones involved in ovulation and menstrual cycle control. The presence of VDR in the
endometrium suggests that VD may regulate uterine lining preparation for implantation. The
endometrium expresses the CYP27B1 gene, which encodes 1-a-hydroxylase, the enzyme responsible
for locally converting 25(OH)D3 into its active form, 1,25(OH)2D3 [43,44]. The first study to
demonstrate the presence of VDR in human endometrial tissue was conducted in 2004 by Vienonen
et al, who investigated the expression pattern of nuclear receptors and co-factors in the endometrium
using real-time PCR. Notable differences in expression levels were reported among individuals based
on age, but no difference in receptor expression was found between the proliferative and secretory
phases of the menstrual cycle [45]. Subsequently, Bergada and Cols in 2014 demonstrated that there
are indeed differences in VDR expression according to the menstrual cycle, reporting a decrease in
total VDR expression in the proliferative endometrium, contrasting with an increase in VDR protein
expression during the secretory phase [46]. A systematic review by Cermisoni et al. (2018), confirmed
that VDR is expressed in the ovaries, endometrium, and myometrium, highlighting VD’s
involvement in fertility and reproductive health [47]. These findings suggest that VD may play a role
in endometrial remodeling and preparation for embryo implantation, particularly during the
secretory phase.

In male reproductive organs, including the testis, epididymis, and prostate, VDR plays an
important role specifically in testicular somatic and germ cells [43]. These are capable of synthesizing
and breaking down Testicular somatic and germ cells appear capable of synthesizing and breaking
down VD independently of systemic metabolism. Furthermore, VDR expression in the testes
indicates that VD may exert autocrine and paracrine effects, potentially contributing to testicular
function regulation and influencing male fertility independently of systemic metabolism [48].

These findings collectively underscore the essential role of VD and its receptor in regulating
multiple aspects of reproductive function, ranging from steroidogenesis in the ovaries to endometrial
receptivity and immune regulation during pregnancy.

6. Vitamin D and Fertility

Low serum levels of VD may adversely affect female fertility by influencing ovarian function,
implantation, and embryo development. In a study conducted by Pal et al. (2018), it was found that
women with VD deficiency exhibited a significantly lower ovarian reserve and an increased risk of
anovulation, both of which are critical factors influencing fertility outcomes [24].
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Infertility, as defined by the International Glossary on Infertility and Fertility Care, refers to the
inability to achieve a clinical pregnancy after 12 months of regular, unprotected intercourse or due to
an impairment in reproductive capacity [49]. While the International Society of Endocrinology
provides general guidelines for serum VD concentrations, considering levels over 30 ng/mL as
optimal, those between 21-29 ng/mL as insufficient, and below 20 ng/mL as deficient, there are
currently no precise criteria to define VD deficiency in the context of infertility [50,51]. A prospective
cohort study by Jukic et al. (2019) demonstrated that fertility outcomes improve with higher VD
levels, with each 10 ng/mL increase in 25-OH-VD correlating to a 10% higher fertilization rate.
Women with 25-OH-VD levels below 20 ng/mL experienced a 45% reduction in fertilization rates
compared to those with levels between 30-40 ng/mL, emphasizing the importance of maintaining
optimal VD levels for improved fertility outcomes [52].

Additionally, VD’s role in regulating immune function and reducing inflammation has been
implicated in its effect on the uterine environment, particularly in terms of implantation and
pregnancy maintenance [53]. VD influences the expression of several genes that are important for
embryo development and implantation success, emphasizing its potential as a modulator of
reproductive outcomes [54].

In females, VD levels are correlated with AMH levels, a marker of ovarian reserve and function
[55]. AMH levels, which fluctuate seasonally, are notably lower in winter compared to summer, with
a reduction of up to 18% during the colder months [56]. In males, VD also has a significant impact on
testosterone levels, which is age-dependent. In adolescents, no significant relationship between VD
and testosterone is observed. However, in older men, higher VD levels are positively correlated with
increased testosterone production [57]. VD has also shown to influence spermatogenesis and sperm
motility in the male reproductive system through its interaction with the CYP24A enzyme and the
cAMP/PKA signaling pathways [58]. Studies have shown that maternal VD levels affect sperm
selection during the fertilization process, facilitating key processes such as capacitation,
hyperactivation, and acrosomal reaction, which are necessary for successful fertilization [41,56].
However, the exact mechanisms through which it exerts these effects remain inadequately
understood, highlighting gaps in current research.

A study by Bacanakgil et al. (2022) revealed that higher serum concentrations of 25-
hydroxyvitamin D (25-OH-VD) in women undergoing IVF were associated with better embryo
quality and higher clinical pregnancy rates. [30] VD also influences telomere length and telomerase
activity, which has been linked to a reduction in chromosomal abnormalities, thereby optimizing IVF
outcomes. [30]

The SUNDRO study, which aimed to assess whether VD supplementation could improve IVF
outcomes, found no significant difference between the VD supplementation group and the placebo
group. Both groups achieved clinical pregnancies, with a slightly higher success rate in the placebo
group (40% vs. 37%) [60]. However, the confidence intervals for the VD supplementation group were
broader, suggesting that VD supplementation did not significantly improve clinical pregnancy rates
in this cohort [61].

VD supplementation has been shown to enhance endometrial receptivity by modulating
inflammatory markers and improving immune responses [54]. Although these findings are
promising, the optimal dosage and duration of VD supplementation in infertile women remain areas
of active research, as the therapeutic response may vary depending on individual characteristics such
as baseline VD levels and comorbidities [62]. Table 1 emphasizes the most important studies
regarding infertility and VD.


https://doi.org/10.20944/preprints202502.0237.v1

doi:10.20944/preprints202502.0237.v

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025

7 of 22

Table 1.

STUDY COUNTRY VIT D (n) TYPE OF STUDY CONCLUSIONS

VD may positively
Zhou X et al, influence early -
2022. [63] Switzerland n=5 Meta-Analysis. pregnancy outc(.)mes n
women undergoing IVF,
particularly for those
with VD deficiency.

Vitamin D is a safe,
affordable supplement
with growing evidence

supporting its benefits in

Moridi I et al, S . . ) .
2020. [64] United States = ystematic Rev1e‘.~ and Meta- 1mprov1r.1g pr.egna‘ncy
Analysis. rates, live births in
assisted reproduction,
reducing pregnancy loss,
and minimizing
pregnancy complications.

Taql polymorphisms of
the VDR gene are
associated with
susceptibility to
infertility in women. But

Moradkhani et
Systematic Review and Meta- the protective

1,2024. I =
al, 2024. [65] ran n Analysis. polymorphisms for
infertility are Fokl and

Apal in women.

Women with sufficient

levels of VD are more
likely to achieve positive

Its i isted
Chu et al, 2018. . . Systematic Review and Meta- resu s.m assiste
United Kingdom n=11 . reproductive treatments
[66] Analysis.
compared to women

with VD deficiency.

Women with adequate
levels of VD are more
likely to give birth to a
L t al, 2016.
v S5 et al, 2016 Systematic Review and Meta- live child after

7 hi =
(671 China " Analysis. undergoing in vitro
fertilization.

No direct relationship
was found between
overall VD levels with
Karimi E et al . . ovarian reserve in
§ Systematic Review and Meta-
women. However,

2021. [68] Iran n=38 Analysis. '
further studies are

required to understand

the fundamental role of

VD in ovarian reserve.

Cozzolino et al, Spain =14 Systematic Review and Meta- VD levels do not
2020. [69] P Analysis. significantly affect IVF
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outcomes in terms of the
number of
pregnancies.As well as
the number of live births.

VD supplementation
increases the probability
of pregnancy in infertile

Meng et al, 2023. . RCT n=9 Systematic Review and Meta- women, mainly in
China . . .
Analysis. patients with low VD
levels, but further clinical
studies are
recommended.

7. Vitamin D and PCOS

In women with PCOS, VD supplementation has been linked to improved insulin sensitivity and
hormonal regulation, further supporting its use as a therapeutic strategy [70]. PCOS is a
heterogeneous disease of unclear etiology and one of the most frequent endocrine disorders in
females of reproductive age. Its prevalence ranges from 6-13%, depending on the diagnostic criteria
[71]. The American College of Obstetrics and Gynecology (ACOG) defines PCOS as a disorder
characterized by hyperandrogenism, ovulatory dysfunction, and polycystic ovaries [72]. The
Rotterdam criteria, one of the most widely used diagnostic tools, it evaluates oligo- and/or
anovulation, clinical or biochemical signs of hyperandrogenism (such as acne and hirsutism), and
polycystic ovaries on transvaginal ultrasound when having 20 or more cysts or a volume of 10mL in
any ovary [73].

Functional ovarian hyperandrogenism has been identified as the essential feature of PCOS, with
genetic and environmental factors also playing a role. Patients with PCOS often present with
abnormal ovarian androgenic function, resulting in elevated levels of insulin resistance, obesity, or
luteinizing hormone (LH). Ovarian hyperandrogenism, combined with insulin-resistant
hyperinsulinism, is considered the most significant factor in PCOS pathophysiology, followed by
increased LH levels and obesity [74].

VD supplementation has shown promise in experimental models and clinical studies. VD has
been found to decrease androgen levels and endometrial thickness in experimental PCOS rat models
[75]. A randomized controlled trial demonstrated that ovulation in women with PCOS was directly
related to VD levels, with higher VD levels increasing the probability of ovulation from 68% in cases
with levels below 20 ng/mL to 78% in cases with levels above 30 ng/mL [76].

Low VD levels have been correlated with follicular arrest in women with PCOS. A study
involving 60 women with PCOS found that a combination of VD, calcium, and metformin increased
the number of dominant follicles [77,78]. Regarding insulin resistance in PCOS, low VD levels have
been linked to metabolic syndrome, exacerbating its symptoms [79]. In a randomized, double-blind,
placebo-controlled trial, Maktabi et al (2017), found that a VD supplementation of 50,000 IU decreased
fasting plasma glucose (p = 0.02), reduced insulin levels (p = 0.004), and increased insulin sensitivity
(p = 0.007) [80]. However, a more recent study found that VD supplementation reduced plasma
glucose during an oral glucose tolerance test but had no other significant metabolic effects [81].

Hormones and endocrine markers have also been studied in relation to PCOS and VD. Davis et
al. (2018), found that PCOS cases with androgen excess were more prevalent in VD-deficient patients
(p = 0.06) [82]. Another randomized controlled trial found a significant treatment effect on the
LH/FSH ratio (p = 0.022) but no significant effects on FSH and AMH levels in women with PCOS [83].
Table 2 demonstrates the most important studies regarding PCOS and VD.
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STUDY

COUNTRY VIT D (N) TYPE OF STUDY

CONCLUSIONS

Trummer et al,
2018. [81]

Randomized

N=123 controlled trial

Austria.

VD supplementation resulted in a
reduction in plasma glucose after
60 minutes during the OGTT.
Aside from this, it had no
significant effect on metabolic and
endocrine parameters in PCOS.

Ostadmohammadi
et al, 2019. [86]

Randomize, double-
blinded, placebo-
controlled clinical trial

Iran. N =60

Supplementation of VD and
probiotics, when compared to
placebo, significantly improved
depression, anxiety, stress,
general health, and overall well-
being in women with PCOS. It
also contributed to a decrease in
total testosterone, hirsutism,
inflammation, and oxidative
stress. Furthermore, there was a
notable increase in total
antioxidant capacity and
glutathione levels.

Lerchbaum et al,
2021. [83]

Double-blind

Austria. N =180 randomized

controlled trial

VD treatment in women with
PCOS significantly affected FSH
and the LH/FSH ratio after 24
weeks, but did not impact AMH
levels. No significant effects were
observed in non-PCOS women.

Dastorani et al,
2018. [88]

Randomize, double-
blinded, placebo-
controlled trial

Iran. N =40

VD supplementation significantly
reduced serum AMH, insulin
levels, and insulin resistance
(HOMA-IR), while increasing
insulin sensitivity (QUICKI)

compared to the placebo.
Additionally, it led to a
significant decrease in total
cholesterol and LDL cholesterol
levels.

Javed et al, 2019.
[57]

Randomized, double-
blind, placebo-
controlled study

United
Kingdom.

This study shows that VD
supplementation has beneficial
effects on liver injury and fibrosis
markers (ALT levels), along with
modest improvements in insulin
resistance (HOMA-IR) in
overweight and obese, VD-
deficient women with PCOS.
However, no significant changes
were seen in other cardiovascular
risk factors or hormones.

Azhar et al, 2024.
[90]

Comparative

N =180
descriptive study.

Pakistan.

Women with PCOS had lower VD
levels. Both women with PCOS
and VD deficiency exhibited
lower HDL levels and higher total
cholesterol, LDL, VLDL, and
triglyceride levels compared to
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women without PCOS or those
with sufficient or insufficient VD
levels.

VD supplementation in women
with PCOS increased VD levels
and led to shorter menstrual
cycles, reduced hirsutism
Randomized Placebo-  (Ferriman-Gallwey score), lower
United States. N =93 Controlled Trial. triglycerides, and a decreased
TGF-B1 to sENG ratio,
highlighting VD's potential role in
improving lipid metabolism and
inflammation in PCOS.

Irani et al, 2015.
[91]

VD supplementation increased

serum 25(OH)D levels. After 12

. weeks, women in the VD group

Wen et al, 2024. China N =60 cfigjﬁ:ilifijl had lower BMI, WHR, insulin,

[92] ’ HOMA-IR, triglycerides, total
cholesterol, and LDL-C compared

to the control group in women
with obesity or insulin resistance.

VD deficiency in PCOS may
contribute to metabolic issues,
especially insulin resistance and
lipid abnormalities. Women with
PCOS had lower VD levels, which
were associated with higher
insulin resistance (HOMA-IR)
and poorer lipid profiles,
including reduced HDL-
cholesterol and apolipoprotein
Al.

Cross-sectional
Krul et al, 2018. comparison study.

(93] Netherlands N =1088

8. Vitamin D and Endometriosis

Endometriosis is a chronic inflammatory disease dependent on estrogen, characterized by the
presence of endometrium-like tissue in extrauterine locations (columnar epithelium and stroma),
affecting 10% of women in reproductive age [94]. This ectopic tissue can be located in pelvic organs
such as the bladder, ovaries, fallopian tubes, intestines, and abdominal wall. However, its presence
has also been reported in extra-pelvic organs, such as the central nervous system (CNS), pleura and
pericardium [95,96]. Endometriosis is accompanied by clinical manifestations such as chronic pelvic
pain, dysmenorrhea, dyspareunia, bladder or intestinal dysfunction, and infertility [97].

The prevalence of endometriosis varies significantly depending on the population and
diagnostic methods used. Globally, it affects 5-15% of women in reproductive age, with a peak
incidence between 25-45 years. However, it is also observed in adolescents and less commonly, in
postmenopausal women (2-5%) [96]. Prevalence estimates range from 2-11% in asymptomatic
women, 5-50% in infertile women, and 5-21% in those hospitalized for pelvic pain [96,98]. In the U.S,,
incidence rates are highest in women aged 25-34 years, reaching up to 380.6 cases per 100,000 person-
years [98,99]. In Mexico, insufficient emphasis has been placed on this pathology, making it
challenging to obtain reliable epidemiological data. However, it is estimated that 34.5% of infertility
cases are associated with endometriosis. Moreover, a higher prevalence has been observed in
reproductive-age patients with Miillerian malformations [100].

Given its association with anti-inflammatory, immunomodulatory, and antiproliferative
processes, VD has been emphasized as a potential supplement for the treatment and symptomatic
improvement of endometriosis, as it may enhance cellular apoptosis and reduce inflammation
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[51,101]. The VDR is expressed in the healthy human endometrium and myometrium, as well as in
patients with endometriosis, specifically in peritoneal endometriotic lesions. Moreover, immune cells
have been shown to be present within endometrial lesions [102]. Additionally, a study by Delbandi
et al. analyzed serum levels of 25(OH)D in Iranian women, including 56 healthy participants and 54
patients with endometriosis. The study found that patients with serum 25(OH)D levels below 20
ng/mL had a 2.7-fold higher risk of developing endometriosis compared to women with higher
25(OH)D levels [103,104].

Nodler et al. conducted a randomized trial involving 69 adolescent women aged 12-25 years,
who were divided into three groups: 20 received fish oil supplements, 22 received a placebo, and 27
received VD supplementation. Among the three groups, the most significant improvement over a
six-month period was observed in patients supplemented with VD, as reflected in the Visual Analog
Scale (VAS) for pain. Initially, participants had an average VAS score of 7.0, which decreased to an
average of 5.5 in the final month of the study [101].

Zheng et al. performed a systematic review and meta-analysis on the use of antioxidants such
as VD, vitamin E (VE), and vitamin C (VC) to evaluate their effectiveness in reducing pelvic pain in
patients with endometriosis. Their findings indicated that VD significantly reduces dysmenorrhea
over a 12-month period when administered at a dose of 50,000 IU weekly or biweekly. However, VD
did not show a significant improvement in dyspareunia compared to the placebo group [105]. Table
3 highlights the findings regarding VD and endometriosis.

Table 3.
STUDY COUNTRY VIT D (N) TYPE OF STUDY CONCLUSIONS
This study analyzed vitamin D
metabolite levels in women with
and without endometriosis,
across different age groups and
Hartwell D et al., (1990) Observational Cross- menopausal status. It found that
Denmark N =345

[106]. Sectional Study vitamin D levels fluctuate with
age and menopause but did not
establish a clear link between
vitamin D and endometriosis
severity.

This study measured vitamin D
reserves in women with
endometriosis and found that,
paradoxically, women with the
Somigliana E et al (2007) Observational Case- condition had higher levels of
England N=140 o
[60] Control Study  vitamin D compared to controls.
The findings suggest that
increased vitamin D levels may
be a compensatory response
rather than a protective factor.
This study investigated the
effects of the active form of
vitamin D (1,25-dihydroxy
vitamin D3) on endometrial
cells. It found that vitamin D3
inhibited the proliferation of
endometrial stromal cells and

Miyashita M et al (2016)
[108]

Experimental In Vitro

Japan N=35 Study

reduced inflammatory markers,
suggesting a potential
therapeutic role for vitamin D in
managing endometriosis.

This systematic review the
authors explore the link between
N= 25 analysis vitamin D and gut microbiota,
Italy reviewed Systematic review indicating that vitamin D
significantly influences the gut's

Bellerba et al (2021) [109]

microbial makeup and diversity.
They found that higher vitamin
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D levels correlate with a richer
microbiota, potentially
increasing beneficial bacteria
while decreasing harmful ones.
The review points out that
vitamin D deficiency may
contribute to
dysbiosis,.However, initial
findings suggest that vitamin D
may impact the immune system
and cellular processes related to
endometriosis.

This study explores potential
biological mechanisms linking
vitamin D deficiency to
dometriosis. It highlight
Jennings et. al., (2025) 12 studies . . endome HOSIS. .g l.g s
USA . Systematic review the role of vitamin D in
[110] reviewed .
regulating inflammatory and
immune responses, which
may influence lesion
development.

A randomized controlled trial
showed that supplementation
with antioxidant vitamins,
including vitamin D,

13 RCT
3RCTs Randomized significantly reduced

Zheng et al (2023) [105] China involving 589

patients Controlled Trial dysmenorrhea, dyspareunia,

and chronic pelvic pain in
women with endometriosis. It
also improved the overall
quality of life.

The beneficial effects of VD
supplementation on
endometriosis-related

Systematic Review .
symptoms may indirectly

Shrateh et al (2024) [111] Israel N=3 and Meta analysis

support better pregnancy
outcomes and improved
fertility.

This meta-analysis found that
certain vitamin D receptor
gene polymorphisms are
associated with an increased
risk of endometriosis,
suggesting a genetic

Mun et al (2015) [112] Ireland N=123 Meta analysis

component to the disease's
susceptibility.

This review examined the role
of vitamin D in normal
reproductive function and
disorders, with a focus on
endometriosis. Cellular and
molecular studies suggest that

itamin D inhibi
Farhangnia et al (2024) Iran N=180 Comprehensive vitamin D can inhibit key

[51] Review processes involved in

endometriosis, such as cell
proliferation,
invasion,angiogenesis, and
inflammation. Animal studies
support these findings,
showing that vitamin D
treatment reduces
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endometriotic lesions in rats.
However, human studies
have yielded inconsistent
results regarding the
relationship between vitamin
D levels and the risk or
severity of endometriosis.

This review amalgamates

results of available studies

Greece N=12 Systematic review where supplementation of
Vitamin D has a role as a

treatment in endometriosis.

Kalaitzopoulos et al
(2022) [102]

A cross-sectional study found
that higher serum 25(OH)D
concentrations were
associated with a decreased

Observational incidence of endometriosis
Xie. et al, 2024 [113] Germany N =257 Cross-Sectional women with endometriosis.
Study These results lend credence to

the possible advantages of
maintaining sufficient vitamin
D levels to prevent
endometriosis.

9. Discussion

VD deficiency among women of reproductive age constitutes a significant public health concern,
driven by factors such as inadequate dietary intake, limited sun exposure, and lifestyle changes.
National supplementation programs, such as Denmark’s margarine fortification initiative,
demonstrated reproductive benefits, including improved live birth rates in women diagnosed with
infertility. These findings underscore the value of population-level interventions to address VD
deficiency as a cost-effective strategy for enhancing reproductive outcomes [50,79].

A randomized controlled trial by Pal et al. (2016), demonstrated that higher VD levels were
associated with a significant increase in ovulation rates among women with PCOS. This study, while
providing valuable evidence, has limitations, including a relatively small sample size and a focus on
a narrow patient group, which may limit the generalizability of its findings. Additionally, it did not
establish an optimal dose of VD supplementation for maximal reproductive benefit. In contrast, a
larger study by Maktabi et al. (2017), also found improvements in insulin sensitivity and metabolic
markers in PCOS patients following VD supplementation, reinforcing the potential of VD in
managing the metabolic aspects of PCOS [80]. However, the absence of consistent effects on other
reproductive outcomes, such as follicular development and ovulation, suggests that VD’s impact may
be more significant for managing metabolic dysregulation than for directly influencing fertility. This
variability between studies underscores the need for more tailored research to identify which aspects
of PCOS are most responsive to VD supplementation.

On the other hand, studies involving VD supplementation in women with endometriosis have
yielded more inconsistent results. While some studies have reported a reduction in endometriotic
lesion size and improved pain management with VD supplementation [102], others have failed to
demonstrate significant clinical benefits [113]. These discrepancies may be attributed to differences
in study methodologies, such as varying VD dosages, treatment durations, and patient populations.
Moreover, the underlying pathophysiology of endometriosis is complex, and the mechanisms
through which VD could influence disease progression are not fully understood. While VD’s
potential anti-inflammatory properties and its role in immune modulation provide a plausible
mechanism, further investigations are needed to establish definitive clinical guidelines for VD use in
managing endometriosis.
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Current research on VD’s role in reproductive health, while promising, is hindered by several
limitations. One of the most significant challenges is the variability in VD supplementation protocols
across studies. For instance, different studies have employed varying doses of VD (ranging from 1000
IU to 50,000 IU daily), without a consensus on the optimal dose for improving fertility outcomes [62].
Additionally, the duration of supplementation varies widely, with some studies using short-term
regimens (e.g., 8-12 weeks) and others extending over several months. This inconsistency makes it
difficult to draw definitive conclusions about the efficacy of VD supplementation in improving
reproductive health outcomes [115].

Moreover, many studies have small sample sizes and lack long-term follow-up, limiting the
robustness of their findings. Larger, multicenter trials are needed to confirm these findings and to
establish the long-term effects of VD supplementation on fertility, especially in women with
reproductive disorders such as PCOS and endometriosis.

Another challenge is the lack of standardized VD deficiency thresholds and treatment protocols.
Studies often define VD deficiency differently, and the lack of universally accepted guidelines for VD
levels in fertility and reproductive disorders complicates the interpretation and comparison of
results. For example, while some studies use a threshold of 20 ng/mL for VD deficiency, others set it
at 30 ng/mL, which may influence the observed outcomes [50,51]. These discrepancies highlight the
need for future research to standardize VD deficiency criteria and supplementation regimens to
ensure consistency across clinical studies.

Despite these limitations, the evidence suggests that VD supplementation could hold significant
promise as a therapeutic strategy for improving fertility outcomes in women with PCOS,
endometriosis, and other reproductive health disorders.

10. Conclusion

VD deficiency is a major public health challenge for women of reproductive age due to its
implications for fertility. Scientific literature suggests that VD supplementation can enhance fertility
outcomes, particularly in conditions such as endometriosis and PCOS. The primary benefit of VD
supplementation appears to be its role in metabolic regulation, which in turn influences reproductive
function. Additionally, some studies have demonstrated positive effects on metabolic markers and
ovulation in both endometriosis and PCOS. However, the absence of standardized criteria for
diagnosing VD deficiency and the lack of consensus on optimal supplementation regimens
considering dosage, treatment duration, and individual patient needs remain significant limitations.
Despite these challenges, VD supplementation emerges as a promising therapeutic strategy for
improving reproductive health, particularly in individuals with documented deficiencies.
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