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Abstract: Recent years have witnessed the emergence of growing evidence concerning vitamin
D’s potential role in women'’s health, specifically in postmenopausal women. This evidence also
includes its connection to various genitourinary disorders and symptoms. Numerous clinical studies
have observed improvements in vulvovaginal symptoms linked to the genitourinary syndrome of
menopause (GSM) with vitamin D supplementation. These studies have reported positive effects
on various aspects, such as vaginal pH, dryness, sexual functioning, reduced libido, and decreased
urinary tract infections. Many mechanisms underlying these pharmacological effects have since
been proposed. Vitamin D receptors (VDRs) have been identified as a major contributor to its effects.
It is now well known that VDRs are expressed in the superficial layers of the urogenital organs.
Additionally, vitamin D plays a crucial role in supporting immune function and modulating the body’s
defense mechanisms. However, the characterization of these effects requires more investigation.
Reviewing existing evidence regarding vitamin D’s impact on postmenopausal women’s vaginal,
sexual, and urological health is the purpose of this article. As research in this area continues, there is
a potential for vitamin D to support women’s urogenital and sexual health during the menopausal
transition and postmenopausal periods.
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1. Background

Menopause is characterized by many physiological and cellular changes in the external
genitalia and urogenital tissues, including the vaginal epithelium, pelvic floor muscles,
and urinary tract. These changes are clinically manifested by a broad spectrum of vaginal,
urological, and sexual signs and symptoms that are mainly secondary to the hypoestrogenic
state after menopause [1,2]. Changes in the vaginal flora, including a decrease in beneficial
lactobacillus bacteria, lead to an increase in vaginal pH. These changes can cause vaginal
dryness, itching, and irritation. The increase in the vaginal pH, in addition to changes in
the innate defenses, promotes the overgrowth of harmful bacteria, potentially resulting
in urinary tract and vaginal infections. Moreover, loss of the dermal collagen in the
connective tissues of the vagina, bladder, and urethra leads to dyspareunia and other
urinary symptoms such as dysuria, frequency, and urgency [1,3-6]. Collectively, these
symptoms and signs are known as the genitourinary syndrome of menopause (GSM) [7].
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GSM,, although highly prevalent as reported by many international surveys [8-13], women
frequently report symptoms due to sexual embarrassment and thus go untreated [14].

There is a growing focus on exploring the potential of vitamin D as a supplementary
approach to hormonal therapies for managing symptoms associated with GSM. This per-
spective gains support from the observed links between vitamin D deficiency and various
complications experienced by postmenopausal women, such as vaginal atrophy [15], sexual
dysfunction [16,17], and urogenital infections [18]. Mediated by the vitamin D receptor
(VDR), the effects of vitamin D are exerted locally within reproductive tissues due to the
expression of VDRs and vitamin D metabolizing enzymes. These tissues, including the
urinary tract and vagina, exhibit responsiveness to and metabolic capabilities for vitamin
D [19]. Notably, VDRs play a role in regulating the development, differentiation, and
protection of the urinary tract and vaginal epithelium, with vitamin D promoting barrier
integrity, upregulating genes encoding epithelial cell junction proteins, and stimulating
vaginal epithelium proliferation [20-22].

Many studies examined the effects of both oral and vaginal vitamin D on vaginal health
of postmenopausal women [23-28]. Despite the promising potential, investigations into the
effects of vitamin D supplementations on vaginal atrophy in postmenopausal women have
yielded inconsistent and inconclusive results [29,30]. The influence of menopause on the
pharmacokinetics of vaginal dosage forms adds complexity to these findings [31]. Addition-
ally, factors like dosage regimens, treatment duration, vitamin D type, and lifestyle prac-
tices have been identified as predictors of vitamin D status in postmenopausal women [32].
This review summarizes existing evidence on the effects and pharmacological actions of
vitamin D on the vaginal, sexual, and urological functions in postmenopausal women and
addresses potential clinical uses.

2. Methodology

This study constitutes a narrative review focusing on the effects of vitamin D on uro-
genital health and functions, specifically in postmenopausal women. The review presents
a comprehensive analysis of the existing literature, aiming to provide insights into the po-
tential role of vitamin D in maintaining urogenital health during the postmenopausal stage.
We searched PubMed and Web of Science using the following keywords: menopause, post-
menopausal, vitamin D, cholecalciferol, calcifediol, vagina, sexual, and urinary tract infections
alone or in combination. The search encompassed all available literature without language
restrictions from the earliest date of publication to the present. The inclusion criteria for select-
ing the relevant studies comprised original investigations, case studies, systematic reviews,
meta-analyses, and expert reviews on vitamin D efficacy outcomes published as full-text
articles. A qualitative synthesis was performed to analyze the data, and a narrative synthesis
was conducted to provide an overview of the results. The findings were thoroughly scru-
tinized and discussed, considering the quality of the evidence, the studies” strengths and
limitations, and their implications for clinical practice. The final synthesis was used to develop
evidence-based conclusions and recommendations for future research.

3. The Pharmacology of Vitamin D
3.1. Vitamin D Synthesis

Vitamin D is a unique nutrient that can be synthesized by the body with the help
of sunlight or obtained through dietary sources. This essential vitamin is crucial for
various bodily functions, including bone health, immune system regulation, and cellular
function. Vitamin D synthesis primarily occurs in the skin when exposed to ultraviolet B
(UVB) radiation from sunlight. The process begins with 7-dehydrocholesterol, a precursor
molecule present in the skin. When UVB rays penetrate the skin, they interact with
7-dehydrocholesterol, triggering a photochemical non-enzymatic reaction that converts it
into pre-vitamin Dj [33,34]. This pre-vitamin Dj is rapidly converted into vitamin D3, also
known as cholecalciferol, through a thermal isomerization reaction [33,35]. UVB intensity
and skin pigmentation level contribute to the rate of D3 produced [36]. Vitamin D5 can also
be obtained through dietary sources or fortified dairy products [37].
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3.2. Vitamin D Metabolism

Cytochrome P450 mixed-function oxidases (CYPs) perform the crucial steps of 25-
hydroxylation, 1-« hydroxylation, and 24-hydroxylation in the metabolism of vitamin
D3. The initial conversion takes place in the liver, where the enzyme 25-hydroxylase hy-
droxylates vitamin D3 to produce 25-hydroxyvitamin D3, also known as calcidiol [35].
This metabolite serves as the primary circulating form of vitamin D and serves as an
indicator of the body’s vitamin D status [38]. The liver is recognized as the primary site
for 25-hydroxyvitamin D3 production. After synthesis in the liver, calcidiol is transported
to the kidneys. In the kidneys, the enzyme 1-a-hydroxylase carries out the subsequent
hydroxylation, leading to the formation of the active metabolite 1,25-(OH),Dj3 or calcitriol.
It has been found that other tissues can also contribute to the production of 1,25-(OH),Ds.
Epithelial cells in the skin, lungs, breasts, testes, ovaries, and placenta have been identified
as alternative sources of 1,25-dihydroxyvitamin D3 production [39]. It is noteworthy that
while liver metabolism requires four enzymes for 25-hydroxylation [40], only one enzyme,
namely CYP27B1, has been recognized to possess 250HD 1a-hydroxylase activity [41-43].
Calcitriol binds to vitamin D receptors (VDRs) present in various tissues and cells through-
out the body. This binding initiates a cascade of physiological responses, enabling the
biological effects of vitamin D to take place.

3.3. Vitamin D Mechanism of Action

Extensive research has established that the biological effects of 1,25(0OH)D3 is medi-
ated through specific changes in gene expression facilitated by the intracellular VDRs [44].
The discovery of numerous VDR binding sites, which regulate hundreds of genes, has
intensified interest in understanding the impact of vitamin D on various biological pro-
cesses. 1,25-dihydroxyvitamin D exerts control over 200 genes, both directly and indirectly.
These genes are involved in various crucial cellular processes, such as regulating cellular
growth, development, programmed cell death, and forming new blood vessels [38,45].
Upon interaction with 1,25(OH),;Dj3, the VDR is activated, leading to its rapid binding
to regulatory regions of target genes. This interaction initiates the formation of large
protein complexes, which play a crucial role in modulating transcriptional changes [46].
These protein complexes orchestrate the expression of networks of target genes in most
target cells, giving rise to specific biological responses. These responses are tissue-specific
and encompass a wide range of actions, from complex mechanisms involved in maintaining
mineral metabolism homeostasis to focal actions that regulate the growth, differentiation,
and functional activity of various cell types, including immune cells, skin cells, pancreatic
cells, and bone cells [47].

3.4. Predictors of Vitamin D Status

Numerous interventional studies have shed light on the factors that influence the
response to vitamin D supplementations. These studies have revealed that factors such as
body mass, baseline serum 25(OH)D levels, type of vitamin D supplementation, and the
season of the year play significant roles in predicting the impact of vitamin D supplementa-
tion on its status [48-54]. Lower baseline serum 25(OH)D concentrations were associated
with a better response to vitamin D supplementation [50,55-58]. Vitamin Djs is superior to
vitamin D, in improving vitamin D status [59-63]. Active vitamin D metabolite 25(OH)Dj3
supplementation is more effective than vitamin D3 [64,65]. Vitamin D-fortified foods can be
an excellent source of increasing serum 25(OH)D, especially when sun exposure is limited.
Moreover, melanin in the skin, clothing, and use of sunscreen blocks UVB and thus limits
the production of D3. Individuals living in latitudes farther from the equator or those with
darker skin require more sunlight exposure to synthesize sufficient amounts of vitamin
D compared to those living in closer proximity to the equator or individuals with lighter
skin [66]. Research indicates that African American women exhibit comparatively lower
serum 25(OH)D levels in comparison to their white counterparts [67-71]. Despite this
observed disparity in 25(OH)D levels among black women, an intriguing hypothesis has
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emerged, suggesting that their levels are, in fact, adequate. This hypothesis gains support
from the fact that African American women demonstrate lower occurrences of fractures and
osteoporosis [70,72-74]. Moreover, research conducted through genome-wide association
studies has demonstrated that an individual’s genetic makeup also affects their serum
vitamin D levels [75].

3.5. Effect of Estrogen on Vitamin D Metabolism in Postmenopausal Women

It has been suggested that oral estrogen therapy may increase levels of synthesis of
1,25(OH)D in the kidney in postmenopausal women [76-79]. It was observed that estrogen
increases the free and total calcitriol as well as vitamin D binding protein (DBP) in post-
menopausal women [76]. Dick et al. reported that total calcitriol rose only with oral estrogen
and not with transdermal. However, free calcitriol was not affected [80]. The observed effects
are mainly mediated indirectly through stimulation in 1-« hydroxylase in the kidney [77].
On the other hand, estrogen did not show a significant effect on serum total 25(OH)D over
48 months of treatment with both oral and transdermal estrogen, but a significant increase in
free 25(OH)D was observed with transdermal estradiol [81]. This suggests that the effect of
estrogen on vitamin D metabolism may be transient. Unlike other studies, Santoro et al. found
a significant decrease in DBP with both transdermal and oral estrogen [81]. These findings
highlight the complex relationship between estrogen and vitamin D status in light of the
variations in measurement parameters and the route of estrogen administration. This effect of
estrogen may be limited over an extended period of treatment.

4. Genitourinary Syndrome of Menopause
4.1. Urogenital Changes in Postmenopausal Women

Urogenital tissues rely on the presence of estrogen to uphold normal physiological
functions [82]. Estrogen receptor « is predominantly found in both premenopausal and
postmenopausal women, while estrogen receptor 3 seems to be expressed exclusively in
premenopausal women [83]. As women enter the postmenopausal stage, the number of
estrogen receptors continues to decline. Estrogen plays a crucial role as a vasoactive hor-
mone, promoting increased blood flow to the urogenital region [84]. This heightened blood
flow is essential for maintaining proper vaginal lubrication. Additionally, activated estro-
gen receptors stimulate epithelial cell proliferation in the vulvovaginal tissues. However,
during menopause, these vital functions become compromised. The decline in estrogen
levels leads to diminished collagen, elastin, and hyaluronic acid content in the urogenital
tissues. Consequently, the epithelium becomes thinner, and vascularity decreases, making
postmenopausal women more susceptible to vulvovaginal symptoms [85].

GSM is mostly diagnosed when the patient presents with dyspareunia secondary
to vaginal dryness. Improvement in sexual symptoms is closely related to improvement
in vaginal symptoms. Dyspareunia resulting from vaginal dryness in postmenopausal
women can cause sexual dysfunction [86]. The dryness in the vaginal epithelium can
lead to ulceration and fissures during sexual intercourse, causing pain and bleeding [1].
Low estrogen levels also may result in a decline in the activity of brain areas related to sexual
arousal [87]. Several surveys have documented the prevalence of sexual complications
among peri- and postmenopausal women. There was a decline in sexual activity and
frequency, low sexual desire, decreased arousal, and a significant increase in complaints of
painful sexual intercourse [12,88-90].

Moreover, epidemiological data has shown that estrogen deficiency plays a role in
the pathogenesis of urinary tract infections in postmenopausal women, although the
underlying mechanism is not elusive [91,92]. It was found that postmenopausal women
with a heavy growth of lactobacillus (defined as >10 colonies in the third streak when
plated on agar) were less likely to have vaginal colonization with E.coli, the most commonly
associated with encounter urinary tract infections (UTIs) compared to those with light
lactobacillus [93]. Interestingly, literature has shown a strong association between vaginal
lactobacilli and the use of hormone replacement therapy [94].
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4.2. Hormonal Therapy for GSM Symptoms

The approach to addressing GSM is tailored to the intensity of the symptoms ex-
perienced. The preferred course of action involves the utilization of low-dose vaginal
estrogen therapy, considered the benchmark in treatment. This method is both effective
and secure for the majority of patients. It facilitates a rapid renewal of the vaginal epithe-
lium and associated blood vessels, enhances vaginal secretions, reduces vaginal pH levels,
reinstates a balanced vaginal microbial environment, and provides relief from compre-
hensive vulvovaginal symptoms. Notably, this therapeutic approach has demonstrated a
remarkable reduction in the susceptibility to UTIs while also mitigating urinary symptoms
like urgency and frequency [3,95-98]. Systematic hormone replacement therapy (HRT) is
the preferred approach for patients experiencing vasomotor symptoms, whereas patients
with vulvovaginal symptoms alone are usually recommended to use local estrogen ther-
apy [99,100]. No observed difference in breast, endometrial, or cardiovascular risk between
the administration of both oral and transdermal HRT was reported [101]. However, bene-
fit/risk assessment should always be carried out when considering systematic hormone
therapy [99,100].

4.3. Vitamin D Supplementations for GSM Symptoms

Menopause is a crucial turning point in a woman’s life that brings about significant
changes, including alterations in vitamin D requirements. Among the various groups
affected by vitamin D deficiency, postmenopausal women are particularly susceptible
due to a combination of factors. These factors include changes in body composition, ad-
vancing age, racial disparities, limited exposure to sunlight, inadequate dietary intake of
vitamin D, and increased adiposity [37,102-105]. Multiple studies have contributed to a
growing body of evidence highlighting the connection between vitamin D deficiency and
various health conditions experienced during menopause [37,102-105]. Additionally, the
decline in estrogen levels during menopause can lead to vaginal atrophy or GSM, causing
symptoms like dryness, itching, and pain during intercourse. Research has suggested that
vitamin D deficiency might contribute to the development or worsening of these condi-
tions [25,29,106]. Sexual dysfunction is another issue that can arise during the menopausal
transition. Jalali-Chimeh et al. found a potential link between low vitamin D levels and
sexual dysfunction among postmenopausal women [16].

5. Therapeutic Effects of Vitamin D on Urogenital Functions
5.1. Cellular Effects of Vitamin D on Urogenital Tissues

Menopause represents an important transition in vitamin D requirements due to the
dependence of the VDRs on estrogen [107]. Urogenital organs expressing VDRs are sensi-
tive to changes in vitamin D levels [19]. Vitamin D was shown to affect the activity of VDRs
in the vaginal tissues. VDRs are involved in regulating the development, differentiation,
and protection of the epithelium of the urinary tract and the vagina [20,21]. Vitamin D
was shown to increase the expression of the protein cornifin beta, a marker of squamous
differentiation, and upregulates genes encoding epithelial cell junction proteins, promotes
the barrier integrity of the vagina, and stimulates the proliferation of the vaginal epithe-
lium [15,108]. Vitamin D also plays a role in the regulation of Ezrin protein [108]. Ezrin,
in turn, controls actin-binding proteins that are responsible for interactions between the
plasma membrane and cell-to-cell junctions. Ezrin is prominently expressed in the vaginal
wall, contributing to the strength and flexibility of the tubular structure. Through activa-
tion of the VDR/p-RhoA /p-Ezrin pathway, vitamin D stimulates the proliferation of the
vaginal epithelium, resulting in enhanced cell-to-cell junction [106,109]. This robust vaginal
wall helps regulate the microbial environment within the vagina, including pH levels and
flexibility [110]. In support of this, Lee et al. conducted experiments on a vaginal cell line
and human vaginal tissue samples, demonstrating that vitamin D induces the expression
of RhoA and Ezrin proteins in vaginal tissue. This induction leads to increased vaginal re-
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epithelization, comparable to the effects observed with estrogen use [15]. Figure 1. Depicts
a simple illustration of vitamin D synthesis, metabolism, and effects on urogenital tissues.
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Figure 1. Synthesis, Metabolism, and Effects of Vitamin D on Urogenital Tissues.

5.2. The Effects of Vitamin D on Vaginal Epithelium and pH

The vaginal tissues consist of a nonkeratinized stratified squamous epithelium con-
sisting of superficial, intermediate, and basal cell layers. One of its key functions is to
store glycogen, which is converted to glucose. Lactobacillus, a beneficial bacteria, me-
tabolizes this glucose into lactic acid and acetic acid, effectively maintaining a healthy
vaginal pH within the range of 3.5-4.5. However, this entire pathway can be disrupted
when estrogen levels are low [1,91]. Studies have demonstrated that vitamin D increases
the phosphorylation and inactivation of glycogen synthase kinase that inhibits glycogen
synthesis. This mechanism is particularly relevant in vaginal health. When vitamin D
levels are sufficient, the vaginal glucose balance is positively influenced. This leads to
an increase in glycogen deposition, as vitamin D promotes glycogen storage. [22,23,25].
Figure 2 illustrates the role of vitamin D in maintaining balanced vaginal pH.



Nutrients 2023, 15, 3804

7 of 16

Lactobacillus metaboli

glucose

Cell Layers of the Vaginal

Epithelium

-

zes Lactic
Acid
\’ Lowers
Vagmal pH Low vaginal pH provides natural
Glucose / protection against UTIs and
Acetic Vaginitis
Acid

@,
S e VDR
S Glycogen Synthase Kinase

Vitamin D inactivates Glycogen
Synthase Kinase

Intermediate
Superficial
cells

cells

Parabasal

cells

Figure 2. Effects of Vitamin D on Vaginal pH.

5.3. The Effects of Vitamin D on Vaginal Symptoms

The effects of vitamin D supplementations were a subject of a few trials which examined
the effects of oral vitamin D [21,24,26-28,111] and topical vitamin D vaginal suppositories and
creams [25]. In a recent study, the effects of a vaginal cream containing 1000 IU of vitamin
D and 100 IU of vitamin E per dose were examined. The participants applied the cream
daily for two weeks and three times a week for an additional 10 weeks. After four weeks of
treatment, an improvement was observed in vaginal dryness, itching, and burning [112]. It is
worth noting that since this cream was a combination of both vitamin D and vitamin E, the
observed effects could be synergistic, with both vitamins contributing to the improvements,
in particular, that vitamin E has also shown potential in improving vulvovaginal symptoms
associated with GSM in few other studies [113]. The work of Rad et al. found that vitamin D
vaginal suppositories over eight weeks showed significant improvements in the superficial,
intermediate, and parabasal cell types of the vaginal epithelium. Additionally, there was
a significant decrease in vaginal pH [25]. Oral vitamin D supplementations significantly
affected the differentiation of superficial, basal, and parabasal cells. However, no significant
improvements were observed in vaginal pH [23,28,111]. Similar results were observed in
other trials in terms of vaginal pH [24,26,27]. While there were positive findings, such as
increased superficial cell count and improved 25(OH)D serum levels, the overall impact on
vaginal pH, vaginal dryness, and vaginal atrophy remains inconclusive.

5.4. The Effects of Vitamin D on Vaginal Infections

Lactobacilli, yeasts, and bacterial vaginosis-associated bacteria are less commonly
parts of the vaginal microflora in postmenopausal women who are not receiving estrogen
replacement therapy. This could explain the decrease in the incidence of bacterial vaginosis
and yeast vaginitis among these women [114,115]. Vulvovaginal candidiasis (VVC) more
commonly occurs at lower pH, which is not present in postmenopausal women due to
hypoestrogenism. Clinical observations have reported that postmenopausal women have
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VVC and candida albicans rarely isolated from vaginal tissues [116]. Interestingly, many
studies suggested that estrogen or hormone replacement therapy plays a critical role in
increasing the susceptibility of acquiring VVC in postmenopausal women [94,116-118]. The
proposed mechanism is an interaction between estradiol and the estrogen-binding protein
in yeast [119]. On the other hand, very few studies looked at the prevalence of bacterial
vaginosis (BV) in postmenopausal women. According to Bodnar et al., there was a relatively
high incidence of BV among women with a serum 25(OH)D concentration below 20 nmol /L,
while the prevalence was much lower among women with a serum 25(OH)D concentration
exceeding 80 nmol/L. The study also highlighted a dose-response relationship between the
level of 25(OH)D and the occurrence of BV [120]. However, Kaur et al. found no association
between serum vitamin D levels and BV [121]. Ginkel et al. concluded that women on
estrogen replacement therapy are less likely to have vaginal colonization with anaerobic
bacteria and that estrogen may potentiate the effects of lactobacilli on vaginal pH [122].

5.5. The Effects of Vitamin D on Sexual Functions

It was demonstrated by a few studies that there is an association between vitamin
D deficiency and a decline in sexual functions, including sexual desire, orgasm, and
satisfaction in women [17,123]. Small clinical trials demonstrated improved female sexual
function with vitamin D supplementation. Although some of these studies were conducted
on young premenopausal women, this improvement was supported by the fact that VDRs
are present in the uterus and ovaries and may have a role in sexual function. Also, data has
shown that symptom severity was correlated with vitamin D serum levels [16,123,124].

A three-arm randomized-blind clinical trial included postmenopausal sexually ac-
tive women to test the effects of vitamin D vaginal suppositories on sexual function.
Women were administered vitamin D suppositories (1000 IU) for eight weeks. The treat-
ment group showed statistically significant changes in sexual function compared to the
control group. However, looking at the scores in the intervention group over the follow-
up period, this improvement was of minimal clinical significance. Surprisingly, after
two months of treatment, sexual function dropped to below baseline levels [30]. A different
study investigated how a combination of isoflavones, calcium, vitamin D, and inulin affects
the sexual functioning of postmenopausal women. The findings revealed an improvement
in sexual functions as measured by the Female Sexual Function Index (FSFI) after 12 months
of treatment. However, it is difficult to determine whether the observed effect was solely
due to the individual ingredients or if they worked together synergistically. Nonetheless, it
is worth noting that serum vitamin D levels increased after 12 months. It is still difficult
to specifically attribute its effects. Additionally, it is important to consider that the study
had a limited sample size and lacked a direct comparison between the treatment group
and the control group, affecting the findings” overall reliability [125]. A combined vaginal
vitamin D and E cream improved libido, orgasm, and sexual frequency after only 4 weeks
of application [112].

5.6. The Role of Vitamin D in UTIs: Effects on the Immune Function

The significance of vitamin D, specifically 1,25(OH)D, and its metabolites have become
evident in immune function following the discovery of VDR expression in activated inflam-
matory cells [126,127]. Changes in the immune system and increased pro-inflammatory
serum marker levels, cytokine responses in body cells, decreased CD4 T and B lymphocyte
levels, and natural killer cell cytotoxic activity are all observed post-menopause [21]. Var-
ious protective factors, including antimicrobial peptides and the innate immune system,
play a role in preventing UTIs. Vitamin D plays a supportive and enhancing role in these
systems. Research indicates that vitamin D stimulates the production of cathelicidin in the
urinary bladder [18,20,128].

5.7. The Role of Vitamin D in UTIs: Effects on Tight Junction Proteins

The role of vitamin D in tight junction proteins in the urinary tract remains relatively
unexplored. Nonetheless, studies have shown that uropathogenic Escherichia coli infection



Nutrients 2023, 15, 3804

9o0f 16

disrupts the tight junction barrier by downregulating occludin and claudins in bladder
epithelial cells [129]. Strengthening the urothelial barrier to prevent infections becomes
an appealing approach. It is suggested that vitamin D deficiency decreases the expres-
sion of occludin and claudin-5 [130]. Moreover, the VDR was demonstrated to mediate
the protective effect of vitamin D-induced expression of occludin, claudin-5, and zonula
occludens [131].

5.8. The Effects of Vitamin D on Pelvic Floor Disorders

Difficulty in urination, hesitancy, delay in urination, dyspareunia, and vaginal pro-
lapse are common in postmenopausal women and are attributed to pelvic floor dysfunction
(PFD) [132]. A double-blinded controlled trial examining the effects of vaginal vitamin D
on women with PFDs, including pelvic organ prolapse and urinary and fecal incontinence,
found that women with PFDs had lower mean vitamin D levels than otherwise healthy
postmenopausal women. However, the association was not statistically significant. Vitamin
D deficiency was shown to increase the risk of overactive bladder (OAB) and urinary incon-
tinence [133]. Thus, there is growing recognition of the role of vitamin D supplementation
in reducing these risks. A study conducted on postmenopausal women with stress incon-
tinence reported a positive effect with a combination of high-dose vitamin D and estriol.
After six weeks of treatment with high-dose vaginal suppositories, a significant reduction
in the risk of OAB onset was observed [134]. After six weeks of treatment with high-dose
vaginal suppositories, a positive and significant effect was observed where higher intakes
of vitamin D decreased the risk of OAB onset [135]. Similarly, a weekly dose of 50,000 IU
vitamin D for eight weeks was shown to reduce the severity of Ul and frequency of nocturia
in postmenopausal women [136]. The VDR has also been identified in the detrusor wall;
thus, its insufficient level may impact bladder function and pelvic floor muscle weakness.
Vitamin D may play a role in the efficiency of muscle function that is distinct from the role
of calcium in muscle contractility [123,124,132].

6. Vaginal Dosage Form as Route of Delivery

As vitamin D is available in oral and vaginal dosage forms, the pharmacokinetics of
the administered form should be considered. When the drug is intended for local effects,
such as treating vulvovaginal symptoms, it must be distributed and absorbed into the
vaginal epithelium. The major mechanisms of transport across vaginal epithelium include
transcellular transport and receptor-mediated transcytosis [31]. In postmenopausal women,
the physiological changes in the vagina can affect vaginal uptake. Vaginal thickness,
vaginal secretions, local microflora, vaginal pH, and sexual arousal are all altered and
can affect drug uptake. Physiochemical properties of the drug also have an effect. It has
been demonstrated that vaginal permeability is much greater for lipophilic steroids [137].
Sensory factors such as packaging, product shape, size, and firmness have been reported to
affect women'’s willingness to try vaginal dosage forms [138,139]. Such acceptability and
factors may differ based on the intended use or geographical region and culture [140].

7. Future Research Directions

Recognizing the pivotal role of vitamin D supplementation demands attention. Emerg-
ing research presents encouraging evidence of its potential to positively impact sexual
functioning and urogenital health among postmenopausal women. However, the existing
landscape reveals a lack of robust randomized controlled trials marked by variations in
participant demographics, dosing regimens, intervention durations, and assessment proto-
cols. This heterogeneity challenges the establishment of definitive conclusions regarding
the efficacy of vitamin D supplementation.

To bridge these research gaps, future studies should prioritize comprehensive investi-
gations that address specific aspects. Firstly, well-designed randomized controlled trials
with consistent methodologies are necessary to offer conclusive insights. Standardization of
dosage, intervention duration, and outcome assessment would enhance the comparability
of results across studies. Secondly, combining objective measurements like the vaginal
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maturation index with subjective self-assessments of sexual functioning could provide
a more nuanced understanding of vitamin D’s effects. This integrated approach would
ensure a more comprehensive evaluation of the potential benefits.

Such advancements in research would significantly benefit both clinicians and post-
menopausal women in terms of health and well-being. By establishing evidence-based guide-
lines grounded in rigorous research, clinicians can confidently tailor interventions to address
individual needs. Specific dosing recommendations, intervention durations, and expected
outcomes could be established, leading to more effective and personalized care strategies.
For postmenopausal women, this translates into improved urogenital health, enhanced sexual
well-being, and an overall better quality of life. Clearer insights from well-structured studies
would empower women to make informed decisions about their health and provide them
with the means to actively participate in their own care. Figure 3 summarizes all potential
therapeutic effects of vitamin D on urogenital health and sexual functions.

Vaginal Health Sexual Functions

Improves vaginal dryness by decreasing Enhances sexual functions including desire,
vaginal pH and maintaining the vaginal orgasm and satisfaction
epithelium

Potential
Therapeutic Effects

— orvitemin® - SN

Decreases the risk of onset of overactive
bladder and urinary incontinence by
maintaining the efficiency of muscles
functions

Reduces the risk of urinary tract infections
by enhancing immune responses, and
strengthening urothelial barrier

Figure 3. Therapeutic Effects of Vitamin D Urogenital Functions.

8. Conclusions

The reviewed literature provided valuable insights into the potential therapeutic effects
of vitamin D on various aspects of women’s health, specifically related to vaginal symp-
toms, urogenital infections, sexual functioning, and pelvic floor disorders in postmenopausal
women. While the findings are not consistently conclusive, they suggest that vitamin D sup-
plementation, whether topically or orally, may offer benefits in improving vaginal symptoms
and sexual function and potentially reducing the risk of UTIs. However, further research is
necessary to establish optimal dosage, treatment duration, and long-term effects. Nonetheless,
these findings contribute to our understanding of the potential role of vitamin D in promoting
women’s health and highlight avenues for future investigation and clinical applications.

9. Key Findings

e  The role of vitamin D on urogenital and sexual health in postmenopausal women
revealed a limited but growing body of research.

e Vitamin D has the potential to support postmenopausal women'’s urogenital and
sexual health.

e  Vitamin D receptors play a significant role in mediating and maintaining the pharma-
cological effects of vitamin D on urogenital organs.

e Both oral and vaginal vitamin D were shown to improve vulvovaginal symptoms,
sexual functioning and reduce the risk of urinary tract infections.
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e  Further research is needed to fully understand the therapeutic effects of vitamin D
supplementation on urogenital and sexual health in postmenopausal women.
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