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Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder among reproductive-age women. As a leading cause of
anovulatory infertility, it complicates fertility treatments, including in vitro fertilization. The widely accepted 2003 Rotterdam diagnostic crite-
ria for PCOS include sub-phenotypes based on variations in androgen excess, ovulatory dysfunction, and polycystic ovarian morphology. In
this systematic review, we examined the impacts of inositol and vitamin D on fertility in PCOS. Adhering to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 guidelines, we used relevant keywords to comprehensively search databases including
PubMed, Google Scholar, and MDPI. From an initial pool of 345 articles, 10 met the inclusion criteria. The articles suggest that vitamin D and
inositol, particularly myo-inositol and D-chiro-inositol, may represent therapeutic options for PCOS. Vitamin D influences ovarian follicular de-
velopment, glucose regulation, and insulin sensitivity. When combined with metformin therapy, it is associated with improved menstrual
regularity and ovulation. Inositol is crucial for cellular signaling, energy metabolism, glucose regulation, and fertility. This systematic review
underscores the importance of investigating inositol and vitamin D within a PCOS management strategy, given the disorder’s prevalence and
impacts on fertility and metabolic health. Although these agents show promise, additional research could clarify their mechanisms of action
and therapeutic benefits. This review emphasizes the need for exploration of effective treatments to improve the quality of life among indi-
viduals with PCOS. Inositol and vitamin D represent potential options, but more studies are required to elucidate their roles in the manage-
ment of this condition.
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ization typically yield a higher number of retrieved oocytes than in-
fertile women without PCOS; however, these oocytes, along with the

Introduction

Polycystic ovary syndrome (PCOS) is potentially the most preva-
lent endocrine and metabolic disorder among women of reproduc-
tive age, affecting between 6% and 20% of this demographic [1].
This condition contributes to about 75% of cases involving anovula-
tory infertility [2,3]. Individuals with PCOS undergoing in vitro fertil-
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resulting embryos, are of lower quality and maturity [4]. PCOS is di-
agnosed based on the presence of androgen excess, ovulatory dys-
function, and/or polycystic ovaries. The 2003 Rotterdam criteria,
which were endorsed by a 2012 National Institutes of Health work-
shop and reaffirmed in 2018, are crucial for this process. These criteria
identify sub-phenotypes, which include combinations of androgen
excess and ovulatory dysfunction, androgen excess and polycystic
ovarian morphology (PCOM), ovulatory dysfunction and PCOM, or all
three. Assuming the exclusion of other etiologies, a diagnosis is es-
tablished when two of the three following conditions are met: hy-
perandrogenism, oligo-anovulation, or polycystic ovaries as identi-
fied by ultrasound [5]. Vitamin D deficiency (VDD), which is often ob-
served in individuals with PCOS, can be addressed with supplemen-
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tation. This intervention has been shown to reduce levels of an-
ti-Mullerian hormone (AMH) and inflammation. Combined with
metformin, vitamin D supplementation can enhance menstrual reg-
ularity and ovulation, consequently impacting follicular develop-
ment and hormone production. Additionally, vitamin D participates
in glucose homeostasis through various mechanisms, including the
action of receptors in pancreatic beta cells and skeletal muscle, the
activity of the 1-a-hydroxylase enzyme that converts 25-hydroxyvi-
tamin D to its active form (1,25-dihydroxyvitamin D), and the pres-
ence of a vitamin D response element in the human insulin gene
promoter [6]. Inositol, an important substance for female fertility and
pregnancy, exists as several isomers, including myo-inositol (MYO)
and D-chiro-inositol (DCI). MYO is widely distributed in various tis-
sues, whereas DCl is less common. The ratio of these isomers reflects
the energy needs of the body. Inositol is involved in numerous bio-
logical processes, including insulin and gonadotropin signaling, en-
ergy metabolism, follicle maturation, glucose regulation, cell move-
ment, and neural tube closure. These functions are essential for fertil-
ity, pregnancy, and embryogenesis [7]. The objective of this system-
atic review is to assess the effects of inositol and vitamin D on fertility
among individuals with PCOS. Adhering to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines, we conducted comprehensive searches using terms such
as “inositol,”“vitamin D;"“infertility,” and “polycystic ovary syndrome”
across databases including PubMed, Google Scholar, Cochrane Li-
brary, and Multidisciplinary Digital Publishing Institute (MDPI). This
review was limited to articles published in English.

Eligibility criteria

1. Inclusion criteria

The selected articles focused on evaluating the impact(s) of inosi-
tol and/or vitamin D supplementation on infertility in patients with
PCOS: Participants (The studies involved female patients who had
been diagnosed with PCOS using established diagnostic guidelines,
such as the Rotterdam criteria, and who were of reproductive age);
Intervention (The research was required to examine the effects of
inositol and/or vitamin D supplementation as a therapeutic ap-
proach); Outcomes (Eligible studies were those that reported on fer-
tility or reproductive health outcomes. These could include pregnan-
cy rates, ovulation rates, live birth rates, hormonal profiles—for ex-
ample, levels of luteinizing hormone [LH] or follicle-stimulating hor-
mone [FSH]—menstrual regularity, or markers of insulin resistance);
Language (The studies were required to have been published in En-
glish and to be available in full text).
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2. Exclusion criteria

The exclusion criteria were as follows: gray literature; studies pub-
lished in languages other than English; animal studies, in vitro stud-
ies, or investigations conducted on non-human subjects; and dupli-
cate publications or redundant data.

Selection process

We employed Endnote (Clarivate Analytics) for article manage-
ment and the removal of duplicate entries. The screening of titles
and abstracts was conducted independently, with any discrepancies
addressed through discussion among the co-authors. Subsequently,
the full texts of the selected articles were examined, and those meet-
ing the predetermined criteria were chosen for in-depth evaluation.
All reviewers reached a consensus regarding article selection.

Quality assessment of the studies

The selected articles were subjected to quality assessment using
appropriate tools. The co-authors were actively involved in this eval-
uation process. For clinical trials, the Cochrane tool was employed.
The Newcastle-Ottawa Scale was utilized for observational studies,
the A Measurement Tool to Assess Systematic Reviews (AMSTAR) in-
strument was applied to systematic reviews, and the Scale for the
Assessment of Narrative Review Articles (SANRA) checklist was used
for narrative reviews [8]. Only those studies that met the established
quality standards were incorporated into the review. The same has
been described in Table 1.

Results

1. Study identification and selection

A total of 345 relevant articles were identified across six databases.
Following the exclusion of 39 duplicate articles, the remaining stud-
ies underwent detailed screening of titles and abstracts, leading to
the retrieval of the full texts of 22 selected articles. After assessments
of eligibility and quality, 10 articles were ultimately chosen for inclu-
sion in the review. The study selection process is depicted as a PRIS-
MA flowchart in Figure 1[9]. The articles were subjected to eligibility
evaluation using appropriate quality appraisal tools. The results of
this quality assessment are presented in Figures 2-5 [7,10].

2. Outcomes measured

Of the 10 included studies of individuals with PCOS, three investi-
gated the impact of vitamin D on fertility, while the remainder exam-
ined the fertility-enhancing potential of inositol. Consequently, our
principal outcome concerned the effects of inositol and vitamin D on
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Table 1. Search strategy, including keywords, for PubMed, Google Scholar, MDPI, and the Cochrane Library

CERMB

Search strategy Database No. of articles identified
((("Inositol"[MeSH]) OR "Vitamin D/therapeutic use"[MeSH]) AND "Infertility, Female"[MeSH]) PubMed (MeSH) 38
AND "Polycystic Ovary Syndrome"[Majr:NoExp]
(((Inositol) OR (Vitamin D)) AND (infertility)) AND (Polycystic ovary syndrome) PubMed (Advanced) 75
Inositol OR Vitamin D AND Infertility AND Polycystic ovary syndrome Google Scholar 38
Inositol:kw OR Vitamin D:kw AND Infertility:kw AND Polycystic ovary syndrome MDPI 5
Inositol OR Vitamin D AND Infertility AND Polycystic ovary syndrome PubMed (Regular) 25
#1 MeSH descriptor: [Inositol] this term only and with qualifier(s): [therapeutic use - TU] Cochrane Search (MeSH) 164

#2 MeSH descriptor: [Vitamin D] explode all trees and with qualifier(s): [therapeutic use - TU]
#3 MeSH descriptor: [Infertility, Female] this term only and with qualifier(s): [therapy - TH]

#4 MeSH descriptor: [Polycystic Ovary Syndrome] this term only

MDPI, Multidisciplinary Digital Publishing Institute.

Identification of new studies via databases and registers
Records identified from:
Databases (n=6):

.5 PubMed (Regular) (n=25) Records removed before screening:
= PubMed (Advanced) (n=75) . —
S R Duplicate records (n=39)
= PubMed (MeSH) (n=38) > R .
= Records marked as ineligible by automation tools (n=0)
< Google Scholar (n=38) Records removed for other reasons (n=0)
= MDPI (n=5) B

Cochrane Search (n=164)

Registers (n=0)

Records screened (n=306) > Records excluded (n=284)
i l
s Reports sought for retrieval (n=22) > Reports not retrieved (n=8)
g
wvy

A4
Reports excluded:
Reports assessed for eligibility (n=14) > Quality appraisal (n=2)
l Full text not available (n=2)

©
§ New studies included in review (n=10)
s Reports of new included studies (n=10)

Figure 1. Flowchart of literature review search conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) 2020 guidelines.

fertility in these patients. We also assessed secondary outcomes con-
cerning the improvement of metabolic profiles among women with
PCOS. Additionally, several studies addressed the potential of vita-
min D and inositol to enhance the outcomes of assisted reproductive
technologies (ARTS).

www.eCERM.org

3. Study characteristics

We examined 10 research articles, representing a total of 1,453
participants. These included narrative reviews, randomized con-
trolled trials, observational studies, and one systematic review. Each
study incorporated individuals with PCOS as control participants.
Seven of these studies explored the effects of inositol on fertility in
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Figure 2. The figure depicts the intracellular cascade stimulated
by insulin (INS). (1) INS binding: INS binds to its receptor on the
cell surface; (2) insulin receptor substrate (IRS) recognition: IRS
recognizes and binds to the phosphorylated insulin receptor;
(3) activation of phosphoinositide 3-kinase (PI3K): activated
IRS promotes the activity of PI3K, leading to the production of
phosphatidylinositol (3,4,5)-trisphosphate (PIPS); (4) activation of
PIP3 stimulates both phosphoinositide-dependent kinase 1 (PDKT1)
and 2 (PKD2), activating protein kinase B (Akt). Adapted from
Gambioli et al. [7].
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patients with PCOS. One narrative review discussed the role of vita-
min D in reproductive health, its association with metabolic alter-
ations, and its impact on mental health in those with PCOS. Another
study addressed the potential for vitamin D to enhance metabolic
parameters among these individuals. Tables 2 and 3 summarize the
characteristics of the included studies [11-20].

Discussion

1. Endocrine profile of PCOS

PCOS is characterized by elevated androgen production from both
the ovaries and the adrenal glands. This hormonal imbalance trig-
gers increased levels of LH and estrogen, predominantly estrone. In-
dividuals with PCOS often exhibit comparatively low levels of sex
hormone-binding globulin (SHBG) and high levels of prolactin and
insulin, a pattern that is especially common in those who are over-
weight or obese. Typically, PCOS is associated with elevated LH levels
and disrupted FSH release, with an LH-to-FSH ratio greater than 2.
This imbalance stimulates theca cells within the ovaries that are sen-
sitive to these hormones, resulting in the overproduction of andro-
gens and disrupting normal follicle development. Furthermore,
PCOS is characterized by excess presence of androgens, although the
degree of this excess can vary among individuals. While the ovaries
are the primary source of increased androgen production, the adre-
nal glands also contribute. In some cases of PCOS, minor adrenal en-

B/

GLUT-4

~ 110l

Cbl/CAP
RAB

AS160

Figure 3. lllustrates the synthesis of glycogen in the liver. (A) Insulin (INS) signaling trigger activating protein kinase B (Akt) activation
through phosphatidylinositol (3,4,5)-trisphosphate (PIP3). In the liver cells, Akt inhibits glycogen synthase kinase 3 (GSK3), which, if active,
would inhibit glycogen synthase (GS), ultimately promoting glycogen synthesis. (B) In non-storage tissues, Akt activation facilitates AS160
activity. AS160 activates Rab, leading to the formation of vesicles containing glucose transporter 4 (GLUT-4). Simultaneously, the INS receptor
activates the Cbl/CAP complex, which, via TC10, facilitates the release of vesicles containing GLUT-4. Adapted from Gambioli et al. [7].
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Figure 4. Role of inositol in gonadotropin signaling. (A) Due to its low affinity for adaptor protein, phosphotyrosine interacting with PH
domain and leucine zipper 1 (APPL1), the follicle-stimulating hormone (FSH) receptor only initiates APPL1 activation when FSH levels are
elevated. This activation, in turn, triggers activating protein kinase B (Akt) and induces phosphoinositide 3-kinase (PI3K) stimulation, resulting
in the generation of phosphatidylinositol (3,4,5)-trisphosphate (PIP,). (B) The luteinizing hormone (LH) receptor exhibits limited ability to
stimulate the alpha subunit of Gq proteins. Consequently, elevated LH levels prompt the activation of phospholipase C (PLC), which facilitates
the cleavage of phosphatidyl-inositol-4,5-bisphosphate (PIP,), generating inositol-1,4,5-trisphosphate (IP,). Adapted from Gambioli et al. [7].
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Figure 5. Impact of vitamin D on fertility. Adapted from Azhar et al. [10].
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Conclusion
Incorporating inositol and metformin
into the treatment regimen of infer-

Results
For patients with relatively long durations of infertility, the
combination of inositol and folic acid is particularly effective
in improving ovarian function. Moreover, the ovarian func-

No. of
participants
150

Purpose of study
PCOS, all participants were prescribed letrozole for 5

study
In a clinical study involving 150 infertile women with

Type of
Pourghasemetal. RCT

(2019)[17]

Table 2. Continued

Study

www.eCERM.org

tile women with PCOS and letrozole
resistance leads to enhanced ovarian
function.

treatment for PCOS concerning
menstrual regulation and may en-

MYO represents a viable alternative
spontaneous pregnancy.

regular menstrual cycle was notably higher, at 20%, than in

those treated with metformin (12%). However, no significant
differences were observed in pregnancy rates between MYO  hance the likelihood of successful

treated with inositol and folic acid was significantly superior
and placebo or metformin.

tion of those with normal BMI (18.5-24.9 kg/m?) who were
to the results for other BMI ranges.
Among patients administered MYO, the rate of achieving a

729

who did not ovulate were divided into three groups for

further treatment. The first group received a placebo
taken twice daily for 3 months. The study objective was

to observe the effects of these treatments on ovulation

in women with PCOS.
Systemat- To study the efficacy of MYO in improving pregnancy rate

days beginning on day 3 of their menstrual cycle. Those
(200 pg of folic acid), the second was given daily met-
formin (1,500 mg) along with folic acid, and the third
was administered 2 g of inositol along with folic acid,

icreview and menstrual cycle regulation among patients with
PCOS

(2022) [20]
PCOS, polycystic ovary syndrome; ART, assisted reproductive technology; MYO, myo-inositol; DCI, D-chiro-inositol; RCT, randomized controlled trial; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertil-

ization; BMI, body mass index.

Sigue etal.

zyme deficiencies (such as 21-hydroxylase) or increased adrenal ac-
tivity due to stress may play a role. The ovaries are the main produc-
ers of androstenedione and testosterone, the latter of which is also
derived from the conversion of androstenedione, while adrenal se-
cretion is indicated by the level of dehydroepiandrosterone sulfate
[21].

Cytochrome P450c17 enzymes play a pivotal role in the produc-
tion of androgens within the adrenal glands and ovaries. Damage to
the adrenal glands or alterations in insulin sensitivity—characterized
by heightened insulin resistance and a compensatory rise in hyperin-
sulinemia—may lead to hyperandrogenism associated with PCOS
by augmenting androgen secretion. Furthermore, the enzyme 5a-re-
ductase converts excess testosterone into dihydrotestosterone, fos-
tering an androgenic milieu that, when impacting the skin, can in-
duce hirsutism [17].

Additionally, individuals with PCOS exhibit elevated plasma levels
of estrone, a form of estrogen that is approximately 100 times less
potent than estradiol. This increase in estrone levels is attributed to
the enhanced activity of the enzyme aromatase, which facilitates the
conversion of androstenedione into estrogen. Consequently, pa-
tients with PCOS tend to have a more estrogenic profile relative to
healthy individuals. Such an imbalance may shift the estradiol-to-es-
trone ratio towards a hyperestrogenic state, potentially increasing
the risk of endometrial proliferation and the development of endo-
metrial cancer. The hyperandrogenic state characteristic of PCOS is
also known for its suppression of SHBG synthesis, leading to higher
levels of free, unbound circulating steroids, predominantly andro-
gens. This elevation in androgens can manifest clinically as hirsutism
and acne [7].

2. Role of inositol in improving fertility among patients with
PCOS

Inositol comprises a group of natural polyols, which are sugar mol-
ecules featuring hydroxyl groups attached to a cyclohexane ring.
These substances belong to a category of organic compounds
known as cyclohexanols. Such compounds are present in a variety of
foods, including fruits, legumes, grains, and nuts. Inositol fulfills mul-
tiple roles within cells, contributing to the structure of cell membrane
phospholipids, plasma lipoproteins, and the phosphorylated forms
found in the nucleus. Consequently, inositol is implicated in numer-
ous cellular functions, such as signal transduction, the regulation of
osmolarity, and the modulation of ion channels in adults [22]. Fur-
thermore, MYO is crucial for fetal development and continues to play
a major role during the postnatal period, underscoring its impor-
tance beginning in the early stages of life [7].

DCl is produced through an epimerization process that alters the
position of the C1 hydroxyl group (inositol) on MYO [7]. It functions
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Table 3. Summary of studies demonstrating the role of vitamin D in PCOS

No. of
participants

Type of

Study i

Purpose of study

Results Conclusion

Lejman-Laryszet Observational ~To examine the influence 120

No significant differences were found in se-  The study did not reveal noteworthy
rum vitamin D concentrations between
the patients with PCOS and the control
participants. Notably, however, vitamin D
deficiency was observed among the pa-
tients with PCOS.

Vitamin D supplementation improves the

variations in vitamin D levels be-
tween women with and without
PCOS.

The presence of low vitamin D level

reproductive function of patients with

PCOS. Specifically, treatment was associat-
ed with decreased serum androgen levels,
improved menstrual cycle regularity, and

improved folliculogenesis, as well as ame-

lioration of insulin resistance and lipid
metabolism, ultimately demonstrating

value in the treatment of both metabolic

and mental disorders in these patients.

(hypovitaminosis D) should be con-
sidered when managing patients
with PCOS, especially those with
metabolic syndrome. Identifying
and rectifying the vitamin D defi-
ciency can substantially improve
PCOS symptoms and metabolic pa-
rameters in these individuals.

al. (2023) [18] study of vitamin D on the in-
cidence of metabolic
syndrome and hor-
monal balance in pa-
tients with PCOS
Mu et al. Narrative To review the role of vita- 0
(2021) [13] review min D in PCOS
Gokosmanoglu  Observational  To examine how vitamin 267

etal.(2020)[19] study D deficiency impacts
the intricate patho-
physiological pathways

of PCOS

The vitamin D-deficient group exhibited
significantly higher levels of serum testos-
terone, dehydroepiandrosterone sulfate,
and LH, along with elevated BMI, fasting
blood glucose, and HOMA-IR values.

A clear association was observed be-
tween low 25(0H)D,

levels and elevated androgen levels
in women with PCOS. This indicates
that vitamin D deficiency should be
regarded as an additional risk factor
for the onset of PCOS.

PCOS, polycystic ovary syndrome; LH, luteinizing hormone; BMI, body mass index; HOMA-IR, homeostatic model assessment of insulin resistance.

as a secondary messenger for insulin signaling and is found in rela-
tively high concentrations in adipose tissue, muscle, and liver. This
suggests a need for the enzyme nicotinamide adenine dinucleotide
(NAD)/nicotinamide adenine dinucleotide hydrogen (NADH) epime-
rase, which is implicated in tissue differentiation and synthesis. MYO,
serving as a secondary messenger, is a critical biomolecule in numer-
ous signaling pathways that are vital for processes such as the forma-
tion of cell membranes, lipid synthesis, and hormone regulation. In
the ovary and oocyte, these compounds have specific roles. Notably,
MYO is crucial for egg development, as it regulates the release of in-
tracellular calcium ions. This isomer comprises approximately 99% of
the total inositol pool within the ovary [7].

In a 2022 systematic review and meta-analysis, Sigue and Decena
[20] demonstrated improvements in body mass index, menstrual ir-
regularities, homeostatic model assessment of insulin resistance, and
AMH levels in two groups: one treated with MYO alone, and the oth-
er with a combination of MYO and metformin [14,23]. The adminis-
tration of MYO as a monotherapy in women with infertility due to
PCOS may be an effective substitute for metformin treatment, which
is particularly relevant given the association of metformin with gas-
trointestinal side effects [23].

A randomized trial conducted by Akbari Sene et al. [15] demon-
strated the benefits of inositol supplementation in patients with

PCOS undergoing ART cycles. The supplementation markedly in-
creased the proportion of metaphase Il oocytes relative to the total
number of retrieved oocytes. Additionally, it improved fertility rates
and resulted in a greater number of high-quality embryos, indicating
its potential as an effective intervention for improving ART outcomes
in patients with PCOS.

3. Role of inositol in insulin signaling

In the cytoplasm, inositol phosphates are essential for the trans-
mission of insulin signals. This process is initiated when insulin at-
taches to its receptor, which is a transmembrane tyrosine kinase re-
ceptor. The receptor’s intracellular domains phosphorylate one an-
other through kinase activity, thereby increasing their affinity for ad-
ditional molecules. The phosphorylated insulin receptor then phos-
phorylates the insulin receptor substrate (IRS) proteins situated with-
in the cell membrane. Phosphorylated IRS serves as a binding site for
phosphoinositide 3-kinase (PI3K), which then catalyzes the transfor-
mation of phosphatidyl-inositol-4,5-bisphosphate (PIP2) into phos-
phatidylinositol (3,4,5)-trisphosphate (PIP3). Alternatively, PIP2 can
be cleaved by phospholipase C (PLC) to generate inositol-1,4,5-tris-
phosphate (IP3). An increase in IP3 levels initiates a phosphorylation
cascade of cytoplasmic proteins, effectively relaying the signal from
the cell membrane to the cell’s interior. Concurrently, PIP3 on the cell
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membranes activates protein kinase B (Akt) via phosphoinositi-
de-dependent kinase 1 and 2, as illustrated in Figure 2 [7].

In the liver, Akt phosphorylates glycogen synthase kinase 3, inhib-
iting its repressive impact on glycogen synthase. As a result, follow-
ing insulin stimulation, the inositol cascade facilitates glycogen syn-
thesis in the liver, as depicted in Figure 3A [7].

Activation of the insulin receptor in various tissues initiates the re-
lease of vesicles that contain glucose transporters (specifically, GLUT-
4) essential for the cellular uptake of glucose. Akt is crucial in this
mechanism, as it directly induces vesicle release by activating pro-
teins such as atypical protein kinase C (PKC-C and PKC-A) and AS160.
These proteins, in turn, activate Rab proteins that are involved in ves-
icle formation. Furthermore, the phosphorylation of the casitas B-lin-
eage lymphoma (Cbl)/Cbl-associated protein (CAP) complex by the
insulin receptor indirectly facilitates vesicle release. This is achieved
by activating TC10, a member of the Rho family of proteins, which
promotes the movement of GLUT-4 vesicles to the plasma mem-
brane (Figure 3B).

4. Role of inositol in gonadotropin signaling

In the natural menstrual cycle, the hypothalamus-pituitary-gonad-
al axis is of paramount importance, as it stimulates folliculogenesis
via FSH and LH. In women, FSH marks the onset of the menstrual cy-
cle, initiating the follicular phase, with its levels staying low until the
occurrence of ovulation. At the time of ovulation, FSH reaches its
peak, then decreases until menstruation. LH exhibits a comparable
trend, remaining at low levels during the follicular phase, experienc-
ing a surge prior to ovulation, and subsequently reverting to baseline
levels.

MYO plays a pivotal role in both signaling pathways. The binding
of FSH to granulosa cell receptors promotes increased affinity for G
proteins and adaptor protein, phosphotyrosine interacting with PH
domain and leucine zipper 1 (APPL1). This interaction initiates the
activation of PI3K/Akt, which triggers transcriptional regulation and
PIP3 production. In thecal cells, LH receptor activation initiates a dis-
tinct pathway involving the Gq protein alpha subunit and PLC, cul-
minating in IP3 production. These processes occur both preceding
and during ovulation, underscoring the critical role of inositol during
this phase [7].

5. Role of vitamin D in PCOS

Vitamin D is crucial in regulating female reproductive develop-
ment by influencing sex hormone steroidogenesis. This role is sup-
ported by the presence of the vitamin D receptor and 1-hydroxylase
in reproductive tissues, including the ovaries, uterus, placenta, pitu-
itary gland, and hypothalamus. VDD substantially impacts insulin re-
sistance and may play a role in the development of hyperandro-
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genism in women with PCOS. Specifically, VDD has been linked to
decreased levels of SHBG and insulin receptors, which could lead to
hyperandrogenism and insulin resistance in those with PCOS.

Moreover, research indicates that women with PCOS exhibit ele-
vated levels of AMH in both follicular fluid and the bloodstream. This
change is linked to an increase in the number of follicles and en-
hanced secretion from granulosa cells. Studies have shown that nor-
malizing vitamin D levels can help regulate AMH secretion and affect
follicle selection by reducing AMH messenger RNA expression. In
laboratory experiments, treatment of granulosa cells with 1,25- dihy-
droxyvitamin D3 has been found to increase progesterone produc-
tion from its precursor, pregnenolone, as depicted in Figure 5. Fur-
thermore, in vivo studies corroborate the notion that vitamin D
boosts the secretion of hormones such as estrogen, progesterone,
estrone, and insulin-like growth factor-binding protein 1 in ovarian
cells.

A 2020 report by Mu et al. [13] demonstrated an association be-
tween PCOS and elevated blood sugar levels, as well as hirsutism.
The study also indicated that lower vitamin D levels correlate with in-
creased severity of hirsutism in individuals with PCOS. However, the
impact of vitamin D on testosterone levels continues to be a subject
of debate. While some research has shown no significant alterations
in testosterone levels following vitamin D supplementation, other
studies have observed a reduction in testosterone levels alongside
improved insulin sensitivity. The variability in outcomes may stem
from differences in the dosage and timing of vitamin D supplemen-
tation.

Endometrial hyperplasia is commonly associated with PCOS, often
due to extended menstrual cycles, diminished estrogen activity, and
reduced suppression by progesterone. Treatment with vitamin D
seems to enhance endometrial thickness and normalize menstrual
cycles in patients with PCOS who are deficient in vitamin D. Further-
more, evidence suggests that vitamin D treatment may bolster fertil-
ity. Nonetheless, the precise molecular mechanisms underlying
these effects warrant further exploration. AMH plays a crucial role in
the development of ovarian follicles and is typically present at ele-
vated levels in individuals with PCOS. Research indicates that vitamin
D supplementation can decrease AMH concentrations in PCOS pa-
tients, which implies a key role for vitamin D in fostering folliculogen-
esis. Moreover, lower concentrations of vitamin D have been ob-
served in the follicular fluid of PCOS patients. However, additional
studies are necessary to elucidate the connection between vitamin
D and the process of folliculogenesis in the context of PCOS.

Lejman-Larysz et al. [18] conducted a 2023 study of patients with
PCOS and revealed an association between vitamin D levels and two
of the five diagnostic criteria for metabolic syndrome. The study
identified significant relationships between vitamin D concentrations
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and both waist circumference and blood pressure. In univariate lo-
gistic regression analysis, for each unit increase in vitamin D level
among PCOS patients, a 7% decrease was observed in the odds of
developing metabolic syndrome.

In 2020, Gokosmanoglu et al. [19] demonstrated an association
between VDD and more severe symptoms, as well as alterations in
metabolic and hormonal profiles, in patients with PCOS. This re-
search indicates that a deficiency in vitamin D could elevate the risk
or contribute to the pathogenesis of PCOS. Furthermore, the link be-
tween insulin resistance and PCOS is well-established, and vitamin D
has been suggested as a key factor in improving insulin resistance.

6. Limitations

The review was constrained by an insufficient number of studies
examining the impact of vitamin D on fertility among patients with
PCOS. Additionally, the temporal limitations of the review meant
that research conducted prior to 2019 was not included. Moreover,
the studies lacked uniformity, as not all of them investigated the
same variables and outcomes.

Conclusion

The present systematic review was undertaken to examine the
roles of inositol and vitamin D in improving fertility among women
with PCOS. The literature suggests that inositol, especially in the
forms of MYO and DCl, is integral to cellular functions and may offer
advantages in the treatment of PCOS. Research indicates that sup-
plementation with MYO could improve body mass index, mitigate
menstrual irregularities, reduce insulin resistance, and normalize
AMH levels. A deficiency in vitamin D has been linked to the manifes-
tation of PCOS, and vitamin D supplementation appears beneficial in
increasing endometrial thickness and regularizing menstrual cycles
in individuals with PCOS and low vitamin D status. Understanding
the intricate hormonal and metabolic pathways implicated in PCOS
is essential for the diagnosis and effective management of this disor-
der. Similarly, exploring treatment modalities is critically important
for improving the quality of life and health outcomes for those af-
fected. Such treatments hold the promise of alleviating symptom:s,
enhancing fertility, improving metabolic regulation, and diminishing
long-term health complications. Inositol and vitamin D present pos-
sible therapeutic options for individuals with PCOS; however, addi-
tional studies are required to confirm their mechanisms of action
and validate their therapeutic benefits.
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