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Abstract: Vulvovaginal symptoms affect up to 39% of women. These symptoms have
a significant impact on quality of life and are often linked to imbalances in the vaginal
microbiota. This study evaluates the therapeutic efficacy of a zinc-containing hydroxyethyl
cellulose-based hydrogel in 37 women with different vulvovaginal symptoms (itching,
burning, irritation, pain, dryness, discharge, and odor). Over 12 weeks, participants ap-
plied the gel intravaginally with both assessments conducted at baseline and follow-ups.
Results revealed substantial improvements in symptoms, including reductions in vaginal
discharge, itching, and burning, as measured by the Vulvovaginal Symptom Questionnaire
(VSQ-21), with scores decreasing from 10.78 & 3.66 at baseline to 3.17 & 4.16 at week 12
(p < 0.01). Vaginal Health Index (VHI) scores improved significantly, from 20.78 & 1.74 at
baseline to 23.64 & 2.59 (p < 0.01). Cervicovaginal lavage (CVL) zinc levels decreased from
110 4 102 pg/L at baseline to 62 & 48 pg/L at week 4 (p < 0.01), increased to 80 &+ 55 nug/L
at week 8 (p = 0.04), and reached 99 £ 92 ug/L by week 12 (NS). A correlation analy-
sis showed an inverse relationship between baseline CVL zinc levels and VSQ-21 scores
(r = —0.3586, p = 0.034), while no significant correlation was observed with VHI scores
(r = —0.0187, p = 0.9545). Vaginal pH levels decreased significantly, dropping from
4.03 £0.42 to 3.71 £ 0.48 (p < 0.01). These findings support the gel’s role as an effective,
nonhormonal, drug-free, and local adjunct treatment for a variety of vulvovaginal symptoms.

Keywords: zinc-containing hydrogel; vulvovaginitis; vaginal health; non-hormonal
treatment; local treatment

1. Introduction

Vulvovaginal symptoms are one of the most commonly reported complaints in daily
gynecological clinical practice [1]. They may manifest as vulvar itching, pain, skin irritation,
burning sensation, vaginal discharge, unpleasant odor, dysuria, and dyspareunia, and
can result from both inflammatory and non-inflammatory causes. Symptoms associated
with vulvovaginitis (VV) affect approximately 15-39% of women [2,3]. The main cause of
these symptoms is infection. Vulvovaginal candidiasis (VVC), trichomoniasis, and bacterial
vaginosis (BV) are the most frequent causes, and these are responsible for 90% of cases
in symptomatic women [1]. Non-infectious causes of vaginitis should also be considered,
such as postpartum vulvovaginal atrophy in women of reproductive age or genitourinary
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syndrome of menopause (GSM) in postmenopausal women, which affects 50-60% of the
postmenopausal population [4,5].

Chronic vulvovaginal conditions significantly impact quality of life, often leading to
profound reductions in physical comfort, sexual function, and perceived overall health
status. Previous studies have documented that recurrent vulvovaginal candidiasis nega-
tively affects patients” physical well-being, diminishes sexual satisfaction, and adversely
influences subjective health perception. Given these multifaceted impacts, effective man-
agement and preventive strategies for recurrent vulvovaginal disorders remain critical
areas of clinical research [6].

Vaginal health plays a fundamental role in the overall well-being of women. It is es-
sential for sexual function, preventing infections, and avoiding discomfort such as dryness
or pain, and is closely linked to the integrity of the vaginal microbiome, which is primarily
dominated by Lactobacillus species [7,8]. These bacteria maintain an optimal low pH < 4.5
by metabolizing glycogen to lactic acid, creating an environment inhibiting pathogenic
growth and supporting a balanced microbiota [3]. A significant reduction or depletion of
Lactobacillus species can lead to vaginal dysbiosis, often characterized by anaerobic bacterial
and fungal overgrowth. This imbalance is linked to conditions such as BV, VVC, sexually
transmitted infections (STIs), and adverse pregnancy outcomes [9].

Maintaining a Lactobacillus-dominated vaginal microbiota appears to play an essential
role in preserving vulvovaginal homeostasis. Lactobacillus species are hypothesized to
contribute significantly to vaginal health by generating lactic acid, thereby maintaining
an acidic vaginal environment (pH < 4.5), and potentially producing antimicrobial agents
such as hydrogen peroxide and bacteriocins. Furthermore, these bacteria may facilitate
local immune modulation and epithelial barrier integrity by adhering to vaginal epithelial
cells, thereby limiting colonization by potential pathogens [10,11]. Alterations towards
a Lactobacillus-deficient microbiome characterized by diverse anaerobic bacteria appear
to be associated with increased vulnerability to vaginal infections and adverse outcomes,
including preterm birth [12]. Personalized therapeutic strategies that aim to re-establish
a physiologically beneficial Lactobacillus-rich microbiota may be crucial in optimizing
long-term therapeutic outcomes.

The treatment of symptoms should be tailored to the underlying cause; however,
international guidelines consistently recommend vaginal preparations over oral therapies
for both infectious and non-infectious vulvovaginitis [13,14]. Vaginal preparations offer
localized drug delivery, resulting in high concentrations at the site of infection, rapid symp-
tom relief, and a reduced risk of systemic side effects [15,16]. In contrast, oral therapies
are associated with a higher incidence of systemic adverse effects. Nevertheless, the im-
portance of health-supporting vaginal preparations is undeniable, both as complementary
elements of therapy and in restoring normal flora post-treatment, as well as in preventing
recurrences [17].

In a previous study, we evaluated the therapeutic potential of a zinc containing hydrox-
yethyl cellulose (HEC)-based hydrogel for managing GSM, demonstrating its suitability as
a first-line treatment in alignment with international guidelines [13]. The study concluded
that the zinc-containing vaginal hydrogel is an effective, topical, and nonhormonal treat-
ment for GSM, providing significant symptom relief. The gel’s formulation, incorporating
hydroxyethyl cellulose, lactic acid, and zinc sulfate, contributes to its ability to enhance
vaginal hydration and maintain an acidic pH conducive to vaginal health [18]. Hydrogels
possess a three-dimensional crosslinked molecular structure that enables them to absorb
substantial amounts of water and expand within a physiological environment [19]. Hy-
drogels exhibit physical properties resembling living tissues because of their high water
content, elastic consistency, and low interfacial tension with biological fluids and water [20].
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This characteristic, which replicates natural tissues, makes hydrogels highly biocompatible
and has attracted considerable attention in biomaterial applications over the past several
decades [19].

The convergence of advancements in biomaterial science and microbiome research
is the opening novel possibilities for the management of vulvovaginal disorders. The
zinc-containing hydrogel represents a potentially multifunctional therapeutic interven-
tion, which could provide symptomatic relief through improved lubrication and support
of optimal vaginal pH. Furthermore, zinc may contribute beneficial antimicrobial and
immunomodulatory properties, potentially enhancing local immune responses. Its pre-
liminary success in managing genitourinary syndrome of menopause (GSM), along with
promising early findings regarding its role in infection prophylaxis, suggests the possibility
that it might be effective in addressing a broader spectrum of vulvovaginal symptoms.
Given these encouraging findings, further research is warranted to fully elucidate the
clinical utility and mechanisms of action of zinc-containing hydrogels as non-hormonal
treatments for vulvovaginal health [21].

We hypothesize that the zinc-containing hydrogel, previously shown to be effective in
alleviating the symptoms of GSM, may also be therapeutically effective in alleviating the
vulvovaginal symptoms caused by other etiologies [18].

2. Results and Discussion
2.1. Results

The study enrolled 37 women with a mean age of 37 £ 12 years. The majority of
participants were premenopausal, with a median parity of 1 (range: 0-3) and a mean body
mass index of 26.6 + 5.3 kg/m?. Table 1 shows the demographics and clinical characteris-
tics of participants. All participants completed the 12-week study period, and no adverse
events were reported. The VHI scores showed a statistically significant improvement from
baseline to week 12, increasing from 20.78 & 1.74 at baseline to 23.64 & 2.59 (p < 0.01). The
VSQ-21 scores decreased significantly, reflecting an alleviation of symptoms. The baseline
score of 10.78 £ 3.66 dropped to 3.17 & 4.16 by week 12 (p < 0.01). Participants reported
marked reductions in itching, burning, and discharge severity. Vaginal pH also showed
a significant reduction, improving from 4.03 £ 0.42 at baseline to 3.71 £ 0.48 at week 12
(p < 0.01), indicating a healthier vaginal environment (Table 2). The mean baseline zinc
concentration in cervicovaginal lavage (CVL) samples was 110 &+ 102 pg/L. By week 4,
CVL zinc levels measured 62 & 48 ug /L, representing a statistically significant change from
baseline (p < 0.01). At week 8, zinc levels measured 80 £ 55 ug/L, maintaining statistical
significance compared to baseline (p = 0.04). By week 12, zinc levels reached 99 4+ 92 ug/L,
and this difference was no longer statistically significant (NS), as shown in Table 3. Analysis
of the correlation between CVL zinc levels and clinical parameters revealed an inverse rela-
tionship with VSQ21 scores at enrollment (r = —0.3586, p = 0.034). In contrast, no significant
correlation was found between CVL zinc levels and VHI scores at enrollment (r = —0.0187,
p = 0.9545), as shown in Figures 1 and 2. Participants expressed high satisfaction with the
gel, noting its ease of use and perceived effectiveness. Many reported an improvement in
overall vaginal comfort and reduced recurrence of symptoms. The adherence rate was over
95%, and all participants followed the recommended application schedule.
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Table 1. Demographics and clinical characteristics. The data are presented as number or
mean + standard deviation. Gravida: number of pregnancies. Parity: number of deliveries. BMI:

mean body mass index.

(N =37
Age (years, mean £ SD) 37+12
Gravida (median, range) 1(0-4)
Parity (median, range) 1(0-3)
BMI (kg/m?, mean + SD) 26.6 £5.3
Postmenopausal (n, %) 5(14)

Table 2. Changes in vaginal health parameters during treatment. The data are presented as
mean =+ standard deviation. Lower vaginal pH indicates a healthier vaginal microbiome. An increase
in the VHI score signifies an improvement in vaginal health. A decrease in the VSQ score represents
an improvement in symptoms and quality of life.

. p-Value p-Value p-Value
Baseline Week 4 (Baseline vs. W4) Week 8 (Baseline vs. W8) Week 12 (Baseline vs. W12)
Vaginal pH 4034042 3914026 0.12 3714022 <0.01 3714048 <0.01
Vaginal Health Index (VHI) 2078 +1.74  23.27 +2.09 <0.01 23.88 +£1.98 <0.01 23.64 +2.59 <0.01
Vulvovaginal Symptom 10.78 £3.66  524+478 <0.01 3.00 = 4.00 <0.01 3.17+4.16 <0.01

Questionnaire-21 (VSQ-21)

Table 3. Changes in CVL zinc levels over time. Data shows how CVL zinc levels change over time,
initially decreasing significantly from baseline to week 4, then gradually increasing by week 8 and
stabilizing by week 12. This pattern suggests that zinc from the hydrogel is absorbed and utilized in
the vaginal environment, with levels adjusting dynamically over time.

. p-Value p-Value p-Value
Baseline Week 4 (Baseline vs. W4) Week 8 (Baseline vs. W8) Week 12 (Baseline vs. W12)
Cervicovaginal lavage zinc level 110 -+ 102 62 + 48 <0.01 80 +55 0.04 99 + 92 NS
(ug/L, mean + SD)
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Figure 1. Correlation of CVL zinc levels and VSQ21 scores at enrollment. Data demonstrate a
significant inverse correlation between baseline CVL zinc levels and VSQ-21 scores, meaning that
higher zinc levels were associated with fewer vulvovaginal symptoms.
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Figure 2. Correlation of CVL zinc levels and VHI scores at enrollment. Data shows no significant
correlation between baseline CVL zinc levels and VHI scores, indicating that while zinc levels may
influence subjective symptoms as seen in VSQ-21, their direct impact on objective vaginal health
measures remains unclear. The minimum VHI score is 5, which is why the x-axis starts at this value.

2.2. Discussion

To our knowledge, this study is the first to demonstrate that a zinc-containing vaginal
hydrogel significantly improves vaginal health in women with a variety of vulvovaginal
symptoms. Our findings indicate that this novel therapeutic approach significantly alle-
viates symptoms such as vaginal dryness, itching, and dyspareunia. The VSQ-21 scores
improved significantly post-treatment, underscoring the potential of zinc-based formula-
tions as a non-hormonal, drug-free, and locally acting alternative treatment for improving
vulvovaginal symptoms. Vulvovaginal symptoms profoundly impact a woman'’s quality
of life. These symptoms are often associated with anxiety, depression, and reduced self-
esteem [22]. An imbalance in the vaginal microbiota can lead to recurring infections, which
can be challenging to treat. Studies highlight that maintaining a healthy vaginal micro-
biota dominated by Lactobacillus species is crucial for preventing infections and promoting
overall reproductive health [23,24]. Given the profound impact of these conditions, there
is an urgent need for innovative and effective interventions, such as the zinc-containing
hydrogel, that targets both symptom relief and microbiota restoration.

Hydrogels are hydrophilic materials featuring a three-dimensional crosslinked molec-
ular structure, enabling them to retain large quantities of water without dissolving in
physiological conditions, and have extensive medical applications, including use in vaginal
drug delivery systems, burn treatment, and wound care [25,26]. Hydrogels are optimal
formulations for vaginal applications due to their superior mucoadhesive properties, ex-
cellent compatibility with biological tissues, and high water absorption capacity. These
attributes make hydrogels highly effective in maintaining vaginal hydration and ensur-
ing the efficient delivery of active pharmaceutical ingredients [20,27]. Another important
benefit of hydrogels is their high comfort level for patients. Unlike creams and ointments,
often perceived as messy or greasy, hydrogels have a non-greasy, lightweight texture that
enhances patient satisfaction and adherence [27]. In clinical evaluations, more than 94%
of participants reported hydrogels to be comfortable and satisfactory, highlighting their
potential to address common barriers to adherence observed with other formulations [18].

Biocompatibility represents another critical advantage of hydrogels, particularly those
formulated with cellulose derivatives such as hydroxyethyl cellulose (HEC). These hydro-



Gels 2025,11, 214

60f11

gels, derived from semi-synthetic cellulose polymers, are inherently less likely to cause
irritation or allergic reactions compared to fully synthetic polymers like carbomer [28].
Additionally, their high water content not only provides optimal hydration to the vaginal
mucosa but also supports epithelial repair and barrier function. Notably, the maintenance
of vaginal pH within the physiologically acidic range ensures a favorable environment for
Lactobacillus dominance, which is essential for protecting against infections such as bacterial
vaginosis and candidiasis [29]. Due to their hydrophilic nature, hydrogels do not disrupt
this delicate pH balance, further underscoring their clinical utility [30].

Zinc-containing vaginal formulations have significant potential in maintaining vaginal
health, particularly by supporting Lactobacillus species, which are the dominant elements of
the vaginal microbiota. Zinc has been shown to positively affect specific Lactobacillus species,
including Lactobacillus plantarum and Lactobacillus acidophilus, by promoting their growth.
Research indicates that zinc plays a fundamental role in the metabolism and physiology of
these bacteria, influencing key cellular processes. Zinc-deficient environments have been
observed to prolong the bacterial lag phase, while optimal zinc concentrations significantly
reduce this delay, resulting in accelerated bacterial proliferation. These findings underscore
zinc’s critical contribution to Lactobacillus species’ survival and growth dynamic [31]. Zinc
can help maintain the normal acidic pH of the vagina, thereby inhibiting pathogenic bacteria
while creating favorable conditions for beneficial microbes. These findings confirm that
zinc-containing formulations may not only alleviate symptoms but also support the long-
term health of vaginal tissues [17]. Previous research and the literature have established
the critical role of vaginal pH in maintaining vaginal health [23].

Building on this understanding of the role of zinc in vaginal health, we used the
CVL method to assess its presence in the vaginal environment following the use of a
zinc-containing hydrogel. CVL zinc levels measured at week 12 were not significantly
different from baseline, despite the observed improvements in vulvovaginal symptoms.
This finding suggests that the zinc from the hydrogel is efficiently absorbed and becomes
readily available to the vaginal epithelium, where it can exert its effects. This may be due
to the fact that zinc from the HEC-based hydrogel has been well absorbed, which could be
beneficial, as our previous research indicates that oral supplementation might not achieve
sufficient absorption to exert an optimal effect on the vaginal epithelium [32].

The correlation analysis revealed an inverse relationship between CVL zinc levels and
VSQ21 scores at enrollment (r = —0.3586, p = 0.034). This finding aligns with prior research
indicating that zinc plays a role in maintaining vaginal mucosal integrity and supporting
epithelial barrier function, which may contribute to symptom alleviation [24,31,32]. As the
VSQ21 questionnaire encompasses various vulvovaginal symptoms, including irritation,
dryness, and discomfort, the observed association underscores zinc’s potential role in
enhancing vaginal health. In contrast, no significant correlation was observed between
CVL zinc levels and VHI scores at enrollment (r = —0.0187, p = 0.9545). VHI serves
as an objective, clinician-administered assessment of vaginal health, whereas VSQ-21
captures patients’ subjective symptomatology. As symptom perception varies among
individuals, the significant improvements in VSQ-21 scores provide compelling evidence
of the hydrogel’s positive impact on patients’ quality of life.

We observed that the vaginal pH after 4, 8, and 12 weeks was significantly lower
than the pH of the gel itself (4.4). This finding suggests that the observed effect cannot
be attributed solely to the gel’s acidic pH. Instead, it is likely the result of a synergistic
interaction between the acidic environment and the zinc-containing gel, which together
contribute to the maintenance of an optimal vaginal pH and overall health.

The study demonstrates several strengths. One of its key strengths lies in its clinical
relevance, as it addresses a significant gap in managing vulvovaginal symptoms, providing
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an alternative treatment for women. The zinc-containing hydrogel has proven effective in
symptom relief and vaginal health improvement, underscoring its potential as a valuable
therapeutic option. Additionally, the research employs validated outcome measures, such
as the VSQ-21 and VHI. Another strength is the hydrogel’s safety profile and high adherence
rates, with over 95% of participants following the application protocol and reporting
minimal adverse effects, highlighting the practicality and patient acceptability of the
treatment. Furthermore, the innovative formulation of the hydrogel, which combines
hydroxyethyl cellulose, lactic acid, and zinc sulfate, provides a multifaceted approach
to improving vaginal health by enhancing hydration, maintaining an optimal pH, and
supporting a balanced microbiota.

This study also has some limitations. The small sample size of 37 participants limits
the statistical power and generalizability of the findings, emphasizing the need for larger
studies to confirm the results. The short follow-up period of 12 weeks does not allow for
an assessment of the long-term effects of the treatment, such as sustained symptom relief
or its impact on recurrent vulvovaginal conditions. In addition, women with a variety
of different vulvovaginal symptoms were enrolled, rather than women with only one
clinical diagnosis. The lack of a placebo-controlled design further restricts the ability to
draw definitive conclusions about the specific effects of the active components. Placebo-
controlled studies are necessary; however, their implementation presents a significant
challenge, as most placebo gels are inherently acidic, and introducing a non-acidic gel into
the vaginal environment would raise ethical concerns. Finally, the study population consists
of women from a single geographic and clinical setting, which may limit the applicability
of the findings to more diverse populations with different demographic, cultural, and
health profiles. These limitations underscore the need for future research to build on the
promising results of this study.

3. Conclusions

This study demonstrates that the zinc-containing hydroxyethyl cellulose-based vagi-
nal hydrogel significantly improves vaginal health by alleviating different vulvovaginal
symptoms. Its formulation provides a safe and patient-friendly alternative to oral therapies
with no systemic side effects. The gel addresses symptomatic relief and long-term micro-
biota support by potentially enhancing Lactobacillus growth and maintaining an optimal
acidic pH. These findings suggest that it could serve as a potential first-line treatment or as
a complementary element of therapy for a variety of vulvovaginal symptoms.

4. Materials and Methods

A prospective cohort study was performed with the enrollment of thirty-seven women
with different vulvovaginal symptoms (itching, burning, irritation, pain, dryness, discharge,
and odor) at the outpatient clinic of the Department of Obstetrics and Gynecology, Uni-
versity of Debrecen, Hungary, between April 2023 and April 2024. This clinical trial was
conducted to evaluate the efficacy of a commercially available zinc-containing vaginal
hydrogel (Juvia vaginal gel; Fempharma, LLC., Debrecen, Hungary) in improving vaginal
health in women with different vulvovaginal symptoms. The key ingredients of the gel
are water, hydroxyethyl cellulose, zinc sulfate heptahydrate at a concentration of 20 mM,
and lactic acid. The study was approved by the Hungarian National Institutional Review
Medical Research Council (approval number 3282-7/2023/EUIG), and all participants
provided written informed consent. We enrolled women aged 18 years or older presenting
with a variety of vulvovaginal symptoms, including vaginal discharge, odor, itching, pain,
dysuria, skin irritation, burning, and dyspareunia. Exclusion criteria included pregnancy,
breastfeeding, abnormal cervical cytology within the last year, recent use of antifungal
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medications, known allergies to zinc or azoles, and liver disease. Patients with sexually
transmitted diseases like trichomonas, chlamydia, or gonorrhea were also excluded. Partic-
ipants underwent clinical evaluations at four visits: baseline (week 0), week 4, week 8, and
week 12.

At the initial visit, the baseline diagnosis was established and participants received
oral antifungal treatment if a vaginal yeast infection was present. Patients with other
vulvovaginal conditions or infection did not receive any other treatment unless there was
an obvious reason present. Women were asked to use the vaginal gel daily for 2 weeks
and twice per week thereafter to complete the 12 weeks study period. The research team
recorded demographic and clinical data at baseline, including age, body mass index, parity,
and history of recurrent infections. The following assessments were performed at each
visit: gynecological examination using a plastic speculum, which does not contain zinc or
copper, to assess clinical signs of infection, vaginal discharge, and irritation. Following the
assessment of symptoms, a CVL sample was collected for zinc measurement. CVL was
collected by lavaging the cervix and vaginal walls with 10 mL of normal sterile saline and
then aspirating the pooled fluid with a plastic syringe. The lavage fluid was introduced into
the vagina with a plastic syringe for 60 s with three successive aspirations and emptying
to the vaginal walls and cervix. The total amount of wash fluid was recovered from the
posterior fornix by syringe aspiration. CVL samples were collected and stored at —80 °C
until analysis. The process of preparing the CVL sample was as follows: a volume of
3.00 mL of each liquid sample was measured using an automatic pipette, followed by the
evaporation of water content on an electric heating plate. Subsequently, the samples were
digested with a mixture of 3 mL of 65% HNOj3 (Sigma Aldrich, Merck, Budapest, Hungary)
and 1 mL of 30% HyO, (VWR). The digested solutions were quantitatively transferred into
polypropylene (PP) centrifuge tubes, diluted to a final volume of 12 mL with ultrapure
water (Synergy UV Millipore), and filtered through a 0.45 pm PVDF membrane filter. The
measurement protocol for the CVL sample was then conducted. The elemental composition
of the samples was determined using an ICP-OES 5110 Vertical Dual View instrument
(Agilent Technologies, Santa Clara, CA, USA). The analysis was conducted with an Agilent
SPS4 automated sample injector, a Meinhard® nebulizer, and a double-pass spray chamber.
A seven-point matrix-matched calibration series was employed, prepared from a 1000 mg/L
spectroscopic standard stock solution (ICP IV, Certipur, Merck) and analytical-grade sodium
chloride (Molar Chemicals, Haladsztelek, Hungary) using 0.1 M HNOj3. The measurement
accuracy was verified through matrix-matched independent standard recovery testing,
with an acceptance criterion of 5% recovery. The operating parameters of ICP-OES are
shown in Table 4.

Table 4. The operating parameters of ICP-OES.

Parameter Value
Pump speed (rpm) 15
Sample uptake time (sec) 15
Rinse time (sec) 30
Stabilization time (sec) 20
Nebulizer gas flow (L/min) 0.70
Number of repetitions 3
Wavelength (nm) 213,857
Observation Mode axial

Reading Time (sec) 10
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We used validated questionnaires to assess the severity of symptoms. The severity of
vulvovaginitis symptoms, including vaginal discharge, odor, itching, pain, dysuria, skin
irritation, burning, and dyspareunia, was recorded using the VSQ-21. The VSQ-21 is a
validated tool where higher scores indicate more bothersome symptoms [33]. VHI is a
clinical evaluation method to assess vaginal health by scoring: elasticity, fluid secretion,
pH, epithelial mucosa (integrity), and moisture components. Each component is scored
on a scale of 1 (worst) to 5 (best). Higher scores indicate healthier vaginal conditions [34].
During the first clinical visit, we instructed the participants to self-administer 2 mL of the
gel intravaginally with a provided applicator for 12 weeks: daily for the first 2 weeks and
twice weekly for the remaining 10 weeks. We monitored adherence to the intervention
using participant logs and documented adverse events at each visit. The primary outcome
was the reduction in VSQ scores. Secondary outcomes included changes in VHI and Vaginal
pH scores.

Sample size calculation was performed using G*Power 3.1.9.7 software with o = 5%
and 3 = 90%. To detect a mean increase of 3 points in the VHI score (15% improvement)
from the baseline VHI score of 20 & 2.5, a sample size of 32 participants was required.
Accounting for a 15% dropout rate, 37 participants were planned for enrollment. Statistical
analyses were conducted using SPSS 29 software (Systat Software Inc., San Jose, CA, USA).
Continuous variables were expressed as means =+ standard deviation (SD) and compared
using paired t-tests for within-group comparisons. Pearson’s correlation analysis was
performed to assess the relationship between continuous variables, with correlation coeffi-
cients (r-values) reported to quantify the strength and direction of associations. Statistical
significance was set at p < 0.05.
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