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Objectives: Postmenopausal females often experience genitourinary symptoms like vulvovaginal dryness due to estrogen decline.
Hormone replacement therapy is effective in alleviating vaginal atrophy and genitourinary syndrome in this population. Evaluate local
estrogen’s safety and effectiveness for alleviating postmenopausal vaginal symptoms, including endometrial thickness, dyspareunia,
vaginal pH, and dryness.

Methods: We searched Google Scholar, Cochrane Library, ClinicalTrial.Gov, PubMed, and ScienceDirect databases until July 2023. All
randomized controlled trials (RCTs) linking intravaginal estrogen supplementation to vaginal atrophy or vaginitis were included. The risk
of bias was evaluated with RoB 2, and publication bias was assessed using Egger and Beggs analysis.

Results: All evidence pertains to females. Eighteen studies (n = 4,723) compared estrogen with placebo. Patients using estrogen
showed a significant increase in superficial cells (mean differences [MD]: 19.28; 95% confidence intervals [Cl]: 13.40 to 25.16; I* =
90%; P < 0.00001) and a decrease in parabasal cells (MD: —24.85; 95% Cl: —32.96 to —16.73; I’= 92%; P < 0.00001). Vaginal pH and
dyspareunia significantly reduced in estrogen users (MD: —0.94; 95% Cl: —1.05 to —0.84; I = 96%) and (MD: —0.52; 95% Cl: —0.63 to
—0.41; I” = 99%), respectively. Estrogen did not significantly affect vaginal dryness (MD: —0.04; 95% Cl: —0.18 to 0.11; I = 88%). Adverse
events like vulvovaginal pruritis, mycotic infection, and urinary tract infection were reported, but the association was insignificant (risk
ratio: 0.95; 95% Cl: 0.88 to 1.02; I* = 0%).

Conclusions: Our meta-analysis of 18 RCTs suggests promising potential for intravaginal estrogen therapy in alleviating vaginal atrophy
and vaginitis in postmenopausal females.
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INTRODUCTION

The genitourinary syndrome of menopause (GSM)
refers to various menopausal signs and symptoms in-
cluding genital symptoms (dryness, burning, and irrita-
tion, vulvovaginal atrophy, vaginitis), sexual symptoms
(lack of lubrication, discomfort or pain, and impaired
function) and urinary symptoms (urgency, dysuria, and

recurrent urinary tract infections) [1]. Estrogen-based
hormone replacement therapy (HRT) has proven to be
effective in treating symptoms of vaginal atrophy and
genitourinary syndrome in postmenopausal females
[2]. Multiple forms of HRT are available in the market
including oral tablets, nasal sprays and local vaginal
routes in the form of rings, pessaries, creams, and
estrogen-releasing tablets. The cells of the lower geni-
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tourinary tract are estrogen sensitive and these medi-
cations work directly to relieve symptoms of vaginal
atrophy [3]. Local vaginal routes of administration have
fewer side effects than systemic routes. Since they do
not induce liver metabolism and can be used in lower
dosages [4]. The HRT with 40-100 pg/mL of circulat-
ing 17f3-estrogen level is evaluated to be quite effective
in treating genitourinary syndrome symptoms. Al-
though, 10%-25% of females on oral estrogen replace-
ment therapy frequently have genitourinary symptoms
[5]. A study by Bachmann et al. [6] estimated that
40%-50% of females complained about vaginal dryness
while taking oral hormone therapy. Consequently, the
application of low-dose topical estrogen has been advo-
cated as a highly beneficial treatment for females with
genitourinary syndrome symptoms [7].

Local treatment for GSM plays a crucial role in ad-
dressing its multifaceted symptoms, tailoring interven-
tions to meet the specific needs of affected females. A
thorough examination of clinical data underscores the
significance of localized approaches. Research high-
lights the efficacy of local estrogen therapy in mitigat-
ing vaginal atrophy and enhancing sexual function
among postmenopausal females [8]. Similarly, Simon
et al. (2008) [9] contribute to the body of evidence sup-
porting the positive outcomes associated with local
estrogen interventions such as vaginal pH, epithelial
thickness, and symptoms like dyspareunia and vagi-
nal dryness [10]. Moreover, international guidelines
from esteemed organizations such as the International
Menopause Society (IMS) and the American College
of Obstetricians and Gynecologists (ACOG) advocate
for the safety and effectiveness of localized estrogen
therapy, encompassing various formulations and intra-
vaginal applications [11,12]. By aligning with evidence-
based recommendations derived from these clinical
studies and guidelines, healthcare practitioners can
offer targeted and individualized local treatments for
GSM, promoting improved patient outcomes and en-
hancing the overall quality of life for postmenopausal
females.

The effects of HRT on various health outcomes in
females are still under research, previously reported
reviews mention low-quality evidence as a limitation
[13]. Currently, it becomes imperative to critically
evaluate the systematic reviews that play a role in shap-
ing current guidelines and recommendations. This
meta-analysis is an update of a Cochrane review first
published in 2016 [13] which serves as an update to the

original 2003 Cochrane review [3]. In the 2016 version,
intra-vaginal estrogenic preparations were compared in
relieving the symptoms of vaginal atrophy. Our review
aimed to assess the efficacy and safety of local estrogen
preparations in alleviating postmenopausal vaginal
symptoms which included endometrial thickness but
also overall symptoms like dyspareunia, vaginal pH and
dryness while also reporting significant adverse events.
We also included dosage and follow-up subgroups to
ensure a comprehensive understanding of these treat-
ments’ effectiveness.

MATERIALS AND METHODS

Data sources and search strategy

This study was conducted by the established meth-
ods recommended by the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA)
and Cochrane guidelines [14,15]. An exhaustive and
well-structured literature search was conducted for the
included articles across PubMed, Google Scholar, Co-
chrane Library, ClinicalTrials.Gov, and ScienceDirect
databases. The search range spanned from the incep-
tion of each database up to July 2023. The search was
executed using carefully selected medical subject head-
ing (MeSH) terms and keywords including “vaginal at-
rophy” or “vulvovaginal atrophy” “atrophic vaginitis” or
“postmenopausal atrophic vaginitis” and "Estradiol” or
“estriol” or “E2” or “Estrone” or “E1” or “estetrol” or "E4”
or “TX-O04HR’ or “17B-estradiol” and “Placebo” and
“Maturation value” or “maturation index” or “dyspareu-
nia“ or “vaginal PH” or “vaginal dryness” or: "dryness”
or “adverse event” or “urinary tract infection” or “vulvo-
vaginal pruritus: or “Vulvovaginal mycotic infection’

The comprehensive search strategy is given in Supple-
mentary Table 1 (available online). Titles, abstracts, full
texts, and reference lists of all identified studies were
reviewed. The relevant literature references were care-
fully checked for potentially eligible studies. No restric-
tions regarding country, race or publication language
were set. Reference lists from related main studies and
review articles were also checked for additional relevant
studies.

Literature inclusion and exclusion criteria

The inclusion criteria for eligibility were as follows: (1)
Double-arm studies. (2) Randomized controlled trials
(RCTs) included post-menopausal females showing
signs of vaginal atrophy or vaginitis. (3) Association of
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intravaginal estrogen supplementation with vaginal at-
rophy or vaginitis (4) minimum follow-up for 2 weeks.
(5) Females in the postmenopausal stage who had not
menstruated in more than a year or who had a serum
follicle stimulating hormone level of more than 40 IU/L.
(6) Underwent bilateral oophorectomy. (7) All modes
of local vaginal application were involved inclusive of
vaginal ovules, tablets, and rings. suppositories, vaginal
gel and moisturizers. (8) These modes of local vaginal
application included variable dose groups of estrogen
(9) primary outcomes including maturation value,
vaginal PH, dyspareunia and vaginal dryness (10) sec-
ondary outcomes included common adverse events:
vulvovaginal pruritis, vulvovaginal mycotic infection
and urinary tract infection.

The exclusion criteria included: (1) Case series, non-
human studies, editorials, reviews, abstracts, comments
and letters, expert opinions, studies without original
data and duplicate publications. (2) Studies lacking a
comparison group. (3) Females with serious underly-
ing diseases. (4) Underwent prior hormone treatment
within six months of the studyss start date.

Data extraction and quality assessment

Two independent researchers (A.I. and M.T.) were
tasked with screening the literature based on the pre-
established inclusion and exclusion criteria. Study and
patient characteristics including author, year, study
design, location, sample size, age, follow-up time, inter-
vention, comparator, common adverse events, matu-
ration value and pH. The potential for prejudice was
separately evaluated by two investigators according to
the PRISMA guidelines. Any disparities were amicably
resolved through conversation or by an independent
reviewer (R.I.). The risk of bias was assessed using RoB
2, a revised Cochrane risk-of-bias tool for RCTs. Stud-
ies were judged and identified as ‘Low’ or ‘High' risk of
bias or ‘Some concerns. Publication bias assessment
was done using Egger and Beggs analysis.

Statistical analysis

A meta-analysis was conducted utilizing Review
Manager (RevMan) version 5.4.1, developed by The
Cochrane Collaboration in 2020. The analysis incorpo-
rated 18 RCTs, focusing on primary outcome measures
such as maturation value, vaginal pH, dyspareunia, and
vaginal dryness. Additionally, secondary outcomes en-
compassed adverse events, including vulvovaginal pru-
ritis, vulvovaginal mycotic infection, and urinary tract
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infection.

Primary outcomes of interest were expressed as mean
differences (MD) and secondary outcomes of interest
included risk ratios (RR). These were presented along-
side 95% confidence intervals (CI) and combined using
a generic invariance-weighted random-effects model.
Visual assessment of the pooled analysis was facilitated
through the creation of Forest plots. A subgroup analy-
sis was additionally performed to evaluate the dose-
response relationship of estrogen on outcomes. The
included doses were 10 ug, 25 ug, 15 ug, 50 ug, and
< 2.5 mg. Examination of heterogeneity across stud-
ies was performed using Higgins 12, with emphasis
on a threshold of 50% or more for consideration. In
instances of elevated observed heterogeneity, a sensitiv-
ity analysis was executed through a leave-one-out ap-
proach. Significance in all cases was defined by a P
value of < 0.05.

RESULTS

Literature search and quality assessment

The initial literature search identified 80 articles. After
a detailed evaluation of these articles according to the
inclusion criteria, 18 RCTs were selected for analysis
[16-32], involving a total of 4,723 patients 2,580 in the
estrogen group and 1,436 in the placebo group. The
mean age of patients was 49 years and they had their
follow-ups at a minimum of 2 weeks and a maximum
of 24 weeks.

The PRISMA flow chart (Fig. 1) summarizes the re-
sults of our literature search. Table 1 outlines the base-
line characteristics of all included studies. Quality as-
sessment using the Cochrane risk of a bias assessment
tool for RCTs demonstrated that 1 study has a low risk
of bias, 13 some concerns whereas 4 studies have a high
risk of bias (Supplementary Fig. 1, available online).

Maturation value

The analysis included 3 studies [16,19,22]. The overall
mean maturation value was non significant in patients
taking estrogen (MD: -1.96; 95% CI: —13.20 to 9.28;
I? = 99%; P = 0.73). However, upon conducting a sub-
group analysis, it revealed an increase in superficial
cells (MD: 19.28; 95% CI: 13.40 to 25.16; I* = 90%; P
< 0.00001), whereas it showed a decrease in parabasal
cells (MD: -24.85; 95% CI: -32.96 to -16.73; I = 92%;
P <0.00001) (Fig. 2A). Leave one out sensitivity analy-
sis did not result in a significant reduction in hetero-
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geneity (Fig. 2B). There was no evidence of significant
publication bias with Begg’s test (P value = 0.29627)
and with Eggers test (P value = 0.06862) (Supplemen-
tary Table 2, available online).

Vaginal pH

The analysis included 8 studies [16,17,19,22,24-27].
Patients using estrogen had a significant reduction in
the average change in vaginal pH (MD: -0.94; 95% CI:
-1.05 to -0.84; I> = 96%; P < 0.00001) (Fig. 3A). Leave-
one-out sensitivity analysis of Constantine et al. [19]
had a slight influence on the heterogeneity while the re-
sults remained significant (MD: —0.90; 95% CI: -1.03 to
-0.77; I> = 94%; P < 0.00001) (Fig. 3B). Upon conduct-
ing subgroup analysis for follow-up duration, estrogens
effect on vaginal pH was significant for the overall
follow-up (MD: -1.01; 95% CI: -1.12 to -0.90; I* =
97%; P <0.00001). However insignificant subgroup dif-
ferences (P = 0.24) were revealed between the 3-6 week
and 12-week follow-up. The results were significant for
the subgroup week 12 follow-up (MD: -1.00; 95% CI:
-1.12 to —-0.88; I> = 95%; P < 0.00001) (Supplementary
Fig. 2A, available online). Upon leave-one-out sensitiv-
ity analysis, significant changes in heterogeneity were
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Fig. 1. PRISMA flow chart.

not yielded (Supplementary Fig. 2B, available online).

In the dose-response analysis, three subgroups were
included: < 2.5 ug, 15 ug, and 50 ug. Although the
overall effect was significant (MD: —0.68; 95% CI: —-0.96
to —0.40), insignificant subgroup differences were re-
vealed between the aforementioned subgroups (P =
0.44). Females taking a 15 ug dosage of estrogen shown
to have a significant reduction in vaginal pH (MD:
-0.92; 95% CI: -1.08 to -0.75; I> = 53%; P < 0.00001)
while those taking the 50 ug dosage (MD: 0.10; 95% CI:
-1.76 to 1.96; I> = 92%; P = 0.92) and < 2.5 ug dosage
had an insignificant effect on lowering vaginal pH (MD:
0.10; 95% CI: -1.76 to 1.96; I* = 92%; P = 0.92) and
(MD: -0.65; 95% CI: -1.35 to 0.06; I> = 94%; P = 0.07)
respectively (Supplementary Fig. 3, available online).
There was no evidence of significant publication bias
with Beggs test (P value = 0.90154) and with Egger’s
test (P value = 0.08658) (Supplementary Table 2, avail-
able online).

Dyspareunia

Overall, 5 number of studies were included in this
analysis [19,22,26,27,29]. Dyspareunia was significantly
reduced in patients taking estrogen (MD: -0.52; 95%
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J MM Intravaginal Estrogen for Atrophic Vaginitis: A Systematic Review and Meta-Analysis

A Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
1.1.1 Superficial cells
Archer et al. (2018) [16] 8.6 145 248 08 57 287 6.4% 7.80 [5.88, 9.72] -
Constantine et al. (2017) [19] (10 ng)  16.7 20.1381 171 56 20.1969 172 6.4% 11.10 [6.83, 15.37] —
Constantine et al. (2017) [19] (25 ug)  23.2 20.1821 174 56 20.1969 172 6.4% 17.60 [13.35, 21.85] -
Constantine et al. (2017) [19] (4 ng)  17.5 20.0791 170 56 20.1969 172 6.4% 11.90 [7.63, 16.17] —
Gaspard et al. (2023) [23] (10 ng) 51.2 329 52 149 22 54 6.1% 36.30 [25.60, 47.00] —_
Gaspard et al. (2023) [23] (15 ng) 51 33 47 149 22 54  6.0% 36.10 [24.99, 47.21] —_—
Gaspard et al. (2023) [23] (2.5 ug) 32.9 268 52 14.9 22 54 62% 18.00 [8.65, 27.35] —_
Gaspard et al. (2023) [23] (5 pug) 441 34 44 149 22 54 6.0% 29.20 [17.57, 40.83] —_—
Subtotal (95% CI) 958 1,019 49.8% 19.28 [13.40, 25.16] <&

Heterogeneity: Tau® = 57.54; Chi* = 72.43, df = 7 (P < 0.00001); I’ = 90%
Test for overall effect: Z = 6.43 (P < 0.00001)

1.1.2 Parabasal cells

Archer et al. (2018) [16] -37.4 426 248 -4.4 429 287 6.3% -33.00[-40.26, -25.74] —
Constantine et al. (2017) [19] (10 pg) -44.1 22.8842 171 -6.7 22.951 172 6.4% -37.40 [-42.25, -32.55] —
Constantine et al. (2017) [19] (25 ng) -45.6 23.0841 174 -6.7 22951 172 6.4% -38.90 [-43.75, —-34.05] —
Constantine et al. (2017) [19] (4 ng) -40.6 22.9476 170 -6.7 22.951 172 6.4% -33.90 [-38.76, -29.04] —

Gaspard et al. (2023) [23] (10 pg) 1.6 39 52 16.3 278 54 6.3% -14.70[-22.19, -7.21] —
Gaspard et al. (2023) [23] (15 ug) 4.9 19 47 163 278 54 62% -11.40[-20.59, -2.21] —
Gaspard et al. (2023) [23] (2.5 ng) 1.2 26 52 163 278 54 6.3% -15.10[-22.55, -7.65] —
Gaspard et al. (2023) [23] (5 pg) 55 159 44 163 278 54 62% -10.80[-19.58, -2.02] —_
Subtotal (95% Cl) 958 1,019 50.2% -24.85[-32.96, -16.73] <

Heterogeneity: Tau’ = 124.35; Chi’ = 90.34, df = 7 (P < 0.00001); I = 92%
Test for overall effect: Z = 6.00 (P < 0.00001)

Total (95% Cl) 1,916 2,038 100.0% -1.96 [-13.20, 9.28] . . - .
Heterogeneity: Tau® = 511.40; Chi® = 1,088.68, df = 15 (P < 0.00001); I* = 99% T T T y T
Test for overall effect: Z = 0.34 (P = 0.73) -50 -25 0 25 50

Test for subgroup differences: Chi* = 74.54, df = 1 (P < 0.00001); I = 98.7% Favours  Favours
estradiol  placebo

B Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
1.1.1 Superficial cells
Archer et al. (2018) [16] 8.6 145 248 0.8 57 287 0% 7.80 [5.88, 9.72]

Constantine et al. (2017) [19] (10 ug)  16.7 20.1381 171 56 20.1969 172  6.8% 11.10 [6.83, 15.37] -
Constantine et al. (2017) [19] (25 ug) 23.2 20.1821 174 56 20.1969 172  6.8% 17.60 [13.35, 21.85] —
Constantine etal. (2017) [19] (4 pg)  17.5 20.0791 170 56 20.1969 172  6.8% 11.90 [7.63, 16.17] —
Gaspard et al. (2023) [23] (10 pg) 51.2 329 52 14.9 22 54  6.5% 36.30 [25.60, 47.00] E
Gaspard et al. (2023) [23] (15 ng) 51 33 47 149 22 54  6.5% 36.10 [24.99, 47.21] —_
Gaspard et al. (2023) [23] (2.5 pg) 329 26.8 52 14.9 22 54  6.6% 18.00 [8.65, 27.35] —
Gaspard et al. (2023) [23] (5 ug) 441 34 44 149 22 54  6.5% 29.20 [17.57, 40.83] —_
Subtotal (95% Cl) 958 1,019  46.4% 21.39 [14.95, 27.83] <

Heterogeneity: Tau’ = 58.60; Chi’ = 40.62, df = 6 (P < 0.00001); I = 85%
Test for overall effect: Z = 6.51 (P < 0.00001)

1.1.2 Parabasal cells

Archer et al. (2018) [16] -37.4 426 248 -44 429 287  6.7% -33.00[-40.26, —25.74] —
Constantine et al. (2017) [19] (10 ng) -44.1 22.8842 171 -6.7 22951 172  6.8% -37.40[-42.25, -32.55] —
Constantine et al. (2017) [19] (25 ug) -45.6 23.0841 174 -6.7 22.951 172  6.8% -38.90[-43.75, -34.05] —
Constantine et al. (2017) [19] (4 ng) -40.6 22.9476 170 -6.7 22951 172  6.8% -33.90[-38.76, -29.04] -

Gaspard et al. (2023) [23] (10 pg) 1.6 3.9 52 16.3 27.8 54  6.7% -14.70[-22.19, -7.21] —
Gaspard et al. (2023) [23] (15 pg) 4.9 19 47 163 27.8 54  6.6% -11.40[-20.59, -2.21] —
Gaspard et al. (2023) [23] (2.5 ug) 1.2 2.6 52 16.3 27.8 54  6.7% -15.10[-22.55, -7.65] —_
Gaspard et al. (2023) [23] (5 pug) 55 15.9 44 163 27.8 54  6.6% -10.80[-19.58, -2.02] —
Subtotal (95% CI) 958 1,019 53.6% -24.85[-32.96, -16.73] -

Heterogeneity: Tau’ = 124.35; Chi® = 90.34, df = 7 (P < 0.00001); I = 92%
Test for overall effect: Z = 6.00 (P < 0.00001)

Total (95% Cl) 1,016 2038 100.0% -2.56[-15.75,10.62] = = <&
Heterogeneity: Tau® = 663.59; Chi* = 952.13, df = 14 (P < 0.00001); I’ = 99% 1 1 1 1 1
Test for overall effect: Z = 0.38 (P = 0.70) -50 -25 0 25 50

Test for subgroup differences: Chi’ = 76.58, df = 1 (P < 0.00001); I = 98.7% Favours  Favours
estradiol  placebo

Fig. 2. (A) Summarized Forest plot displaying subgroup analysis for maturation value in superficial cells and parabasal cells in patients with vaginal
atrophy receiving estrogen vs. placebo. (B) Summarized Forest plot displaying sensitivity analysis for maturation value in superficial cells and
parabasal cells in patients with vaginal atrophy receiving estrogen vs. placebo. Cl: confidence intervals, SD: standard deviations, IV: inverse variance.
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A Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Archer et al. (2018) [16] (week 12) -1.3 1 248 -03 08 240 11.7% -1.00[-1.16, -0.84] -
Cano et al. (2012) [17] (week 12) -12 14 114 -04 14 53 4.0% -0.80[-1.26, -0.34] —_
Cano et al. (2012) [17] (week 3-6) -14 14 14 -03 1.2 53 4.7% -1.10[-1.51, -0.69] —
Constantine et al. (2017) [19] (week 12) -1.34 0.07 174 -0.28 0.07 174 159% -1.06[-1.07, -1.05] .
Gaspard et al. (2023) [23] (2.5 mg) -0.16 0.75 52 012 0.72 55 7.6% -0.28[-0.56, -0.00] -
Bachmann et al. 2009 [24] (week 12) -1.6 0.1 143 -04 041 72 15.8% -1.20[-1.23, -1.17] .
Bachmann et al. 2009 [24] (week 3-6) -1.6 0.1 143 -0.35 0.1 72 15.8% -1.25[-1.28, -1.22] -
Griesser et al. (2012) [25] (0.2 mg) -16 08 129 -06 0.8 132 10.4% -1.00[-1.19,-0.81] -
Hirschberg et al. (2020) [26] (week 12) 16 14 45 05 14 10 1.1% 1.10 [0.14, 2.06] —_—
Hirschberg et al. (2020) [26] (week 3-6) 1.8 1.3 44 03 13 1 1.4% 1.50 [0.64, 2.36] _—
Kroll et al. (2018) [27] (15 pg) -1.36 0.89 239 -0.53 0.92 233 11.6% -0.83[-0.99, -0.67] -
Total (95% CI) 1,445 1,105 100.0% -0.94[-1.05, -0.84] ]
Heterogeneity: Tau® = 0.02; Chi* = 282.82, df = 10 (P < 0.00001); I* = 96% f f f f
Test for overall effect: Z = 17.43 (P < 0.00001) -4 2 0 2 4
Favours Favours
[experimental] [control]
B ) i )
Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI 1V, random, 95% ClI
Archer et al. (2018) [16] (week 12) -1.3 1 248 -03 08 240 13.8% -1.00[-1.16,-0.84] -
Cano et al. (2012) [17] (week 12) -12 14 114 -04 14 53 55% -0.80[-1.26, -0.34] —
Cano et al. (2012) [17] (week 3-6) -14 14 14 -03 1.2 53 6.3% -1.10[-1.51, -0.69] —
Constantine et al. (2017) [19] (week 12) -1.34 0.07 174 -0.28 0.07 174 0.0% -1.06[-1.07, -1.05]
Gaspard et al. (2023) [23] (2.5 mg) -0.16 0.75 52 012 0.72 55 9.7% -0.28 [-0.56, —0.00] -
Bachmann et al. 2009 [24] (week 12) -1.6 0.1 143 -04 041 72 17.4% -1.20[-1.23, -1.17] .
Bachmann et al. 2009 [24] (week 3-6) -1.6 0.1 143 -0.35 0.1 72 174% -1.25[-1.28,-1.22] -
Griesser et al. (2012) [25] (0.2 mg) -16 08 129 -06 08 132 12.6% -1.00[-1.19, -0.81] -
Hirschberg et al. (2020) [26] (week 12) 16 14 45 05 14 10 1.7% 1.10 [0.14, 2.06] —_—
Hirschberg et al. (2020) [26] (week 3-6) 1.8 1.3 44 03 13 11 2.0% 1.50 [0.64, 2.36] —_—
Kroll et al. (2018) [27] (15 ng) -1.36 0.89 239 -0.53 0.92 233 13.7% -0.83[-0.99, -0.67] -
Total (95% CI) 1,445 1,105 100.0% -0.90[-1.03, -0.77] ¢
Heterogeneity: Tau® = 0.02; Chi* = 146.44, df = 9 (P < 0.00001); I’ = 94% f f f f
Test for overall effect: Z = 13.55 (P < 0.00001) -4 -2 0 2 4
Favours Favours
[experimental] [control]

Fig. 3. (A) Summarized Forest plot displaying analysis for vaginal pH in patients with vaginal atrophy patients receiving estrogen vs. placebo. (B)
Summarized Forest plot displaying sensitivity analysis for vaginal pH in patients with vaginal atrophy receiving estrogen vs. placebo. Cl: confidence

intervals, SD: standard deviations, IV: inverse variance.

CIL: -0.63 to -0.41; I> = 99%; P < 0.00001) (Fig. 4A).
Leave-one-out sensitivity analysis did not lead to a
significant reduction in heterogeneity while the results
remained significant (Fig. 4B). Upon conducting sub-
group analysis for follow-up duration, estrogen had an
overall significant effect on dyspareunia (MD: -0.28;
95% CI: -0.35 to —0.20; I? = 98%; P < 0.00001), how-
ever the subgroup differences between weeks 3-4 and
week 12 were insignificant (P = 0.24). However, a sig-
nificant effect in the subgroup week 12 follow-up (MD:
-0.31; 95% CI: -0.39 to -0.28; I> = 98%; P < 0.00001)
was revealed (Supplementary Fig. 4A, available online).
Leave one out sensitivity analysis did not reveal any
significant changes (Supplementary Fig. 4B, available
online). There was evidence of no significant publica-
tion bias with Beggs test (P value = 0.80650) and with
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Egger’s test (P value = 0.86523) (Supplementary Table 2,
available online).

Vaginal dryness

Overall, 4 number of studies were included in this
analysis [16,26,27,29]. Estrogen did not have a signifi-
cant effect on vaginal dryness (MD: -0.04; 95% CI:
-0.18 to 0.11; I = 88%; P = 0.60) (Supplementary Fig.
5A, available online). In a leave-one-out sensitivity
analysis, Kroll et al. [27] demonstrated some effect on
heterogeneity, while the results remained insignificant
(MD: 0.03; 95% CI: -0.07 to 0.13; I*> = 75%; P = 0.57)
(Supplementary Fig. 5B, available online). There was
evidence of no significant publication bias with Begg’s
test (P value = 0.73410) and with Egger’s test (P value =
0.26293) (Supplementary Table 2, available online).
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A Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Constantine et al. (2017)[19] (10 ug) -1.69  0.07 191 -128 0.07 192 11.3% -0.41[-0.42, -0.40] .
Constantine et al. (2017) [19] (25 ng) -1.69 0.07 190 -1.28 0.07 192 11.3% -0.41[-0.42, -0.40] -
Constantine et al. (2017)[19] (4 ng) -1.52 0.07 191 -128 0.07 192 11.3% -0.24[-0.25, -0.23] .
Gaspard et al. (2023) [23] (10 mg) 0.2 0.4 54 0.7 1 55  6.6% -0.50[-0.79, -0.21] —_—
Gaspard et al. (2023) [23] (15 mg) 0.3 0.5 49 0.7 1 55 6.3% -0.40[-0.70, -0.10] —_—
Gaspard et al. (2023) [23] (2.5 mg) 0.3 0.7 52 0.7 1 55 5.8% -0.40[-0.73, -0.07] —_—
Gaspard et al. (2023) [23] (5 mg) 0.5 0.8 47 07 1 55 54% -0.20[-0.55,0.15] —_—
Hirschberg et al. (2020) [26] -1.6 1 45 -1.1 1.1 10 1.9% -0.50[-1.24, 0.24] —
Kroll et al. (2018) [27] -1.5 1 239 1.2 0.9 271 9.1% -2.70[-2.87,-2.53] «
Mitchell et al. (2018) [29] -1.5 0.3761 102 -1.5 0.3761 100 10.3% 0.00[-0.10, 0.10] -+
Mitchell et al. (2018) [29] (week 12) -1.5 0.3761 102 -1.2 0.376 100 10.3% -0.30[-0.40, -0.20] -
Mitchell et al. (2018) [29] (week 4) -14 0376 102 -12 0.376 100 10.3% -0.20[-0.30, -0.10] -
Total (95% CI) 1,364 1,377 100.0% -0.52[-0.63, -0.41] L 2
Heterogeneity: Tau? = 0.03; Chi* = 1,199.81, df = 11 (P < 0.00001); I’ = 99% l l l l
Test for overall effect: Z = 9.03 (P < 0.00001) -2 -1 0 1 2
Favours Favours
estradiol placebo
B ) ) .
Estradiol Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% ClI
Constantine et al. (2017) [19] (10 ng) -1.69 0.07 191 -1.28 0.07 192 15.1% -0.41[-0.42, -0.40] -
Constantine et al. (2017)[19] (25 ng) -1.69 0.07 190 -1.28 0.07 192 15.1% -0.41[-0.42, -0.40] L]
Constantine et al. (2017) [19] (4 ng) -1.52 0.07 191 -1.28 0.07 192 15.1% -0.24[-0.25, -0.23] -
Gaspard et al. (2023) [23] (10 mg) 0.2 0.4 54 07 1 55 5.0% -0.50[-0.79, -0.21] —_—
Gaspard et al. (2023) [23] (15 mg) 0.3 0.5 49 07 1 55  4.7% -0.40[-0.70, -0.10] —_—
Gaspard et al. (2023) [23] (2.5 mg) 0.3 0.7 52 0.7 1 55  4.2% -0.40[-0.73, -0.07] —_—
Gaspard et al. (2023) [23] (5 mg) 0.5 0.8 47 07 1 55 3.7% -0.20[-0.55, 0.15] —_—
Hirschberg et al. (2020) [26] -1.6 1 45 -11 1.1 10 1.0% -0.50[-1.24, 0.24] —
Kroll et al. (2018) [27] -1.5 1 239 1.2 09 271 0.0% -2.70[-2.87, -2.53]
Mitchell et al. (2018) [29] -1.5 0.3761 102 -1.5 0.3761 100 12.0% 0.00[-0.10, 0.10] -+
Mitchell et al. (2018) [29] (week 12) -1.5 0.3761 102 -1.2 0.376 100 12.0% -0.30[-0.40, -0.20] -
Mitchell et al. (2018) [29] (week 4) -14 0376 102 -12 0.376 100 12.0% -0.20[-0.30, -0.10] -
Total (95% CI) 1,364 1,377 100.0% -0.29 [-0.37, -0.22] ¢
Heterogeneity: Tau® = 0.01; Chi* = 431.74, df = 10 (P < 0.00001); I* = 98% f f f {
Test for overall effect: Z = 7.39 (P < 0.00001) -2 -1 0 1 2
Favours Favours
estradiol placebo

Fig. 4. (A) Summarized Forest plot displaying analysis for dyspareunia in patients with vaginal atrophy receiving estrogen vs. placebo. (B)
Summarized Forest plot displaying sensitivity analysis for dyspareunia in patients with vaginal atrophy receiving estrogen vs. placebo. Cl: confidence

intervals, SD: standard deviations, IV: inverse variance.

Adverse events

The analysis included 11 studies [16,17,19-21,24-
27,30,31]. Initially, the association between estrogen
use and adverse events was found to be insignificant
(RR: 0.95; 95% CI: 0.88 to 1.02; I = 0%; P = 0.17)
(Supplementary Fig. 6A, available online). However,
upon conducting leave one out sensitivity analysis, re-
moving Simon et al. [9], led to significant results with
unaltered heterogeneity (RR: 0.91; 95% CI: 0.82 to 0.99;
I? = 0%; P = 0.04) (Supplementary Fig. 6B, available
online). Additionally, significant subgroup differences
(P = 0.003) were revealed upon subgroup analysis of
common adverse events including vulvovaginal pru-
ritis, vulvovaginal mycotic infection and urinary tract
infection. The most common adverse events were vul-

vovaginal mycotic infection (RR: 2.82; 95% CI: 1.23 to
6.46; 1> = 30%; P = 0.01) followed by vulvovaginal pru-
ritis (RR: 0.52; 95% CI: 0.31 to 0.89; I? = 0%; P = 0.02).
Some studies also reported urinary tract infection as a
common adverse event but it was found to be insignifi-
cant (RR: 1.13; 95% CI: 0.69 to 1.85; I = 0%; P = 0.62)
(Supplementary Fig. 7A, available online). Sensitivity
analysis was done by removing Cano et al. [17] which
had minimum impact heterogeneity (Supplementary
Fig. 7B, available online). There was evidence of no
significant publication bias with Begg’s test (P value
>0.999) and with Egger’s test (P value = 0.18319) (Sup-
plementary Table 2, available online).
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DISCUSSION

To the best of our knowledge, this is the largest study
conducted to date including a total of 18 RCTs with
4,723 patients. The meta-analysis focused on estrogen-
based interventions administered intra-vaginally for a
minimum period of three months in post-menopausal
females to alleviate symptoms arising from vaginal at-
rophy or vaginitis. The included trials explored the con-
trast between the intervention (intravaginal estrogen
supplementation) and a control group (placebo), using
various forms such as creams, gels, tablets, triumphs,
ovules, pessaries, and a ring that releases estrogen. Our
meta-analysis revealed a reduction in maturation value,
dyspareunia and vaginal pH. Upon dose-response
analysis, females taking 15 pg of estrogen were shown
to have a significant reduction in vaginal pH while
those taking the < 2.5 pug and 50 ug had an insignifi-
cant effect on lowering vaginal pH. Upon subgroup
analysis of follow-up duration, a significant association
was observed in the 12-week follow-up for vaginal pH
and dyspareunia. Lastly, the most common adverse
events were vulvovaginal mycotic infection followed by
vulvovaginal pruritis. These comprehensive findings
contribute valuable insights into the multifaceted role
of estrogen in managing vaginal health and associated
symptoms within a scientific research context.

In our study, we assessed the vaginal maturation in-
dex (VMI) through the examination of the proportion
of superficial and parabasal cells. This method serves
to identify vaginal atrophy and estrogen deficiency in
postmenopausal females experiencing symptoms [32].
Our findings demonstrated a notable increase in su-
perficial cells, accompanied by a significant decrease
in parabasal cells. The reason behind this can be at-
tributed to the role of estrogen, an estrogen-responsive
molecule, in activating genes that facilitate the growth
and maturation of vaginal cells, particularly superficial
cells [33]. Conversely, less mature parabasal cells de-
crease in number as they differentiate into intermedi-
ate and superficial cells. This transformation enhances
vaginal health and alleviates symptoms of vaginal
atrophy. Variations in the distribution and regulation
of estrogen receptors among individuals influence the
effectiveness of estrogen therapy. The overall reduc-
tion in VMI resulting from estrogen may be attributed
to the limited number of studies reporting VMI as an
outcome (specifically, three RCTs) or the application of
different forms of estrogen across various studies.
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Low estrogen levels in postmenopausal females are as-
sociated with an increase in the acidic vaginal pH [19].
One of how estrogen mediates its effect is through an
increase in proton secretion from vaginal epithelial cells
[20]. Estrogen may also increase vaginal glycogen con-
tent allowing increased metabolic activity of lactobacil-
lus which leads to lactic acid production and decreased
pH [8]. Low vaginal pH prevents colonization with
bacteria and subsequent infection so lowering vaginal
pH in postmenopausal females is of much clinical im-
portance [21]. Our meta-analysis showed a significant
decrease in vaginal pH with estrogen use overall. The
exception to this was the 3-6 week follow-up sub-
group, which could be explained by limited follow-up
duration as follow-up at 12 weeks showed significant
improvement in pH. This indicates estrogen should be
used for at least 12 weeks to see discernible outcomes.
Our meta-analysis also provides valuable information
on effective estrogen dosage. The 15 ug dosage showed
significant pH improvement and may be considered
the optimum dosage for most patients. A dosage of
50 ug and 2.5 ug may not exhibit the same level of ef-
ficacy and are less preferable.

Our meta-analysis has demonstrated that the use of
estrogen significantly reduces dyspareunia, except for
a subgroup that was followed up for 3-4 weeks, which
is likely due to the short duration of the follow-up. It
should be noted that a significant improvement in dys-
pareunia is observed after 12 weeks of usage, implying
that estrogen should be administered for a minimum of
12 weeks to achieve noticeable benefits. Vulvovaginal
atrophy (VVA) and dryness are prevalent indications
of the decrease in the internal yield of estrogen during
menopause and often lead to dyspareunia [34]. Dys-
pareunia is characterized as consistent, repetitive uro-
genital agony happening before, during, or after sexual
intercourse and about 40% of females with vaginal
atrophy report dyspareunia [35]. Estrogen assumes a
crucial part in upholding vaginal moisture, preserving
the thickness of the vaginal wall, and maintaining tis-
sue flexibility. However, as a result of decreased estro-
gen production, it may lead to a reduction in the thick-
ness of the vaginal lining, a decrease in elasticity, and
a decline in lubrication, which could potentially make
it more fragile and susceptible to irritation and injury
during sexual activity, thereby causing dyspareunia.

Dryness is one of the most bothersome symptoms of
GSM which has significant negative effects on patients
sexual experience [36]. Our meta-analysis showed an
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insignificant effect of vaginal estrogen on vaginal dry-
ness even when stratified by dosage (10-15 pg) and
follow-up (at weeks 3—4). This may be attributed to the
relatively small number of studies reporting dryness
as an outcome (4 RCTs). This may also be due to dif-
fering forms of application among the studies: vaginal
cream (Kroll et al. [27] and Archer et al. [16], vaginal
gel (Hirschberg et al. [26]) and vaginal tablet (Mitchell
et al. [29]) leading to inconsistent outcomes. One of
the four studies, Hirschberg et al. [26], was conducted
on subjects concurrently receiving aromatase inhibi-
tors for breast cancer. Aromatase inhibitors lead to
depressed blood estrogen levels which may mask the
effect of vaginal estrogen administration. This suggests
that while estrogen therapy excels in alleviating specific
symptoms, its impact on vaginal dryness may be less
pronounced and may require individualized approach-
es. In the 16 weeks of follow-up (including the visit
after treatment), there were no deaths or major adverse
reactions related to the treatment observed. Only a few
trivial side effects were taken into account, like breast
tenderness, vaginal inflammation, itching, burning,
diarrhoea, nausea, dry mouth, and fever, but each of
these only happened once in six breast cancer patients
who got the active treatment.

The meta-analysis investigated the link between estro-
gen usage and adverse events. Initially, the data did not
show a significant connection, suggesting that estrogen
had minimal to no effect on overall adverse events.
However, when we performed a sensitivity analysis and
excluded the studies conducted by Simon et al. and
Cano et al. [9,17], the results became statistically signif-
icant. Simon et al. [9] reported endometrial adenocar-
cinoma as the most severe adverse event in one of their
study participants. While it is undeniable that the med-
ication had an impact on this condition, its crucial to
take into account the limited scope of this study, which
makes it improbable that the medication was the sole
cause of the problem. The study also does not provide
information on several other individual events that are
covered in our meta-analysis. On the other hand, Cano
et al. [17] discussed that most of the adverse events
were not linked to the study medication, which may
have contributed to the lack of significant results before
the sensitivity analysis. Our results indicated that the
most commonly observed significant adverse event as-
sociated with the treatment was vulvovaginal mycotic
infections, leading to vulvovaginal itching. This is at-
tributed to the role of estrogen in reducing vaginal pH,

which disrupts the natural vaginal biome and makes it
more susceptible to infections, particularly by organ-
isms such as candida. Urinary tract infections were
considered a noteworthy and frequent adverse event,
but they did not demonstrate any significant associa-
tion upon analysis. This suggests that while estrogen
therapy excels in alleviating specific symptoms, its im-
pact on vaginal dryness may be less pronounced and
may require individualized approaches.

Limitations

When interpreting the findings of this meta-analysis,
certain factors should be kept in mind because they
may pose limitations. The first is that there are different
definitions and methods of obtaining baseline values
for the maturation index and pH being used. Studies
reveal a variety of ranges for these outcomes. Another
limitation can be the limited number of studies for
certain outcomes; for instance, out of the 18 studies
included, less than half report dysuria as a primary or a
secondary outcome. The lack of ethnic and geographic
diversity, with Asians being the least studied popula-
tion, might also be seen as a potential limitation in this
case. Our review aimed to include every available inter-
vention of estrogen regardless of the mode of adminis-
tration, type or dosage. This gave us a large sample size,
as we covered various forms of estrogen. However, this
also limited our ability to compare the effectiveness of
different modes or doses of estrogen.

Few studies were ambiguous when discussing adverse
events and did not include certain individual adverse
events that we compared in our analysis. For example,
Cano et al. [17] discuss vulvovaginal pruritus as the
most commonly reported adverse event in their study
but Bachmann et al. [24] do not mention any adverse
events of this nature. Disparity in this regard might lead
to differences in the overall interpretation of results.
While our study aims to compare the effects of estro-
gen on VVA symptoms, the lack of recently updated
articles in the databases all over Cochrane, PubMed
and Google Scholar also limits the pool of RCTs that
we can select for our analysis. Therefore, we believe
that further studies should consider using multivariable
analysis to compare the safety and efficacy of various
routes of administration in addition to their ability to
affect VVA and endometrial adverse events generally.

Conclusion
Our findings suggest that intravaginal estrogen the-
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rapy, as evaluated in our comprehensive meta-analysis
of 18 RCTs, holds significant promise for post-meno-
pausal females with vaginal atrophy and vaginitis. The
significant reduction in maturation value, character-
ized by an increase in superficial cells and a decrease
in parabasal cells, suggests that estrogen contributes to
improved vaginal health by fostering a more youthful
and resilient vaginal epithelium. It effectively lowers
vaginal pH, reduces dyspareunia, and improves matu-
ration value. While its impact on vaginal dryness may
be less pronounced, the overall safety profile of estro-
gen therapy is favourable, with manageable adverse
events. These insights empower healthcare providers to
tailor treatment plans, offering effective relief and im-
proving the quality of life for post-menopausal females
dealing with these challenging symptoms.
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