Research Article
E-ISSN : 3048-1368

Volume 48, Issue No. 05. 2026
P-ISSN : 3048-1376

1]

Effectiveness of Local Estrogen Therapy in Postmenopausal

Urinary Incontinence : A Systematic Review of Randomized

Controlled Trials and Primary Studies

! Betti Merdiani Putri, 2Bobby Indra Utama

1 General Practitioner, Yurdiman Medika Primary Health Clinic, Indonesia

2 Obstetric and Gynaecologist, M Djamil Padang Regional General Hospital,

Indonesia

Corresponding Email : putriyurdiman24@gmail.com

Article History :

Received date : 2026/05/18
Revised date : 2026/06/06
Accepted date : 2026/07/14
Published date : 2026/08/26

[©Xexsl

Copyright: © 2024 by the
authors. Submitted for possible
open access publication under
the terms and conditions of the
Creative Commons Attribution
(BY NC) license
(https://creativecommons.org/lic
enses/by-nc/4.0/).

E-ISSN :
‘ ISSN 3048-1368

P-ISSN

773048 13600
| ISSN 3048-1376

I R DA

3048 13700

Introduction: Urinary incontinence affects 38-55% of women
over 60 years and is a major quality-of-life limiting component of
genitourinary syndrome of menopause (GSM). Oestrogen
receptors are densely expressed throughout the trigone, urethral
epithelium, periurethral vasculature, and pelvic connective tissue,
providing strong biological rationale for topical hormonal
repletion. However, systemic oestrogen worsens incontinence
while local preparations improve it—a dissociation frequently
conflated in earlier syntheses. This review quantified the
effectiveness of local oestrogen therapy on continence outcomes
in postmenopausal women.

Methods: The study strictly adhered to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) 2020

guidelines. Eligible designs included RCTs, cohort, case-control,
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and cross-sectional studies. Sixteen outcome domains were
prespecified. Risk of bias assessed with RoB 2, ROBINS-I, and
NOS; certainty with GRADE. Synthesis was narrative with effect-
direction plots, vote-counting, and exploratory ROC analysis of
baseline predictors of response.

Results: Thirty-one primary studies (24 RCTs, 3 prospective
cohorts, 4 retrospective/cross-sectional) comprising 12,947
women in interventional studies plus 1,897,594 in database
cohorts were included. Local oestrogen produced consistent
significant benefit for urgency urinary incontinence, urgency,
daytime frequency, and nocturia. In the largest placebo-controlled
trial of vaginal 17p-estradiol 10 pg, urgency incontinence
improved significantly at 4 and 12 weeks (p=0.013) with parallel
rise in urethral maturation index (p<0.001) and fall in vaginal pH
(p<0.001). Low-dose intravaginal estriol improved subjective
incontinence in 68% vs 16% controls, with significant increases in
maximum urethral pressure, closure pressure, and abdominal
pressure transmission ratio. Contextual pooled estimates showed
ORs of 0.12 (95% CI 0.05-0.29) for stress incontinence, 0.22
(0.16-0.32) for urgency incontinence, 0.11 (0.06-0.18) for
urgency, and 0.14 (0.05-0.36) for recurrent UTI. Recurrent UTI
fell from 5.9 to 0.5 episodes/patient-year (p<0.001), and by 51.9%
in a 5,638-woman cohort; in a 1,891,956-woman database, vaginal
oestrogen was associated with lower odds of sepsis,
hospitalization, and mortality. Local oestrogen matched oral
oxybutynin for reducing frequency with fewer anticholinergic
adverse events. Systemic absorption remained  within
postmenopausal range; no endometrial hyperplasia or carcinoma
was reported over 12 months. Evidence for pure stress
incontinence was weaker. Exploratory ROC analysis showed a
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composite model (age, severity, maturation index, pH, adherence)
discriminated responders with AUC 0.81 vs 0.59-0.74 for single
variables.

Discussion: Effect direction is remarkably consistent across four
decades: restoring vaginal and urethral epithelium reduces the
storage symptom cluster of GSM. Effect is largest for urgency-
predominant phenotype, intermediate for frequency, nocturia, and
recurrent infection, and smallest for pure stress incontinence—
where deficit is mechanical support failure rather than hormone-
responsive mucosa. Principal limitations are heterogeneity of
outcome instruments, short follow-up (rarely >12 months), small
samples, and failure to report continence endpoints in GSM trials.
Conclusion: Local oestrogen is effective, well-tolerated, and
biologically ~ coherent  for  urgency-predominant  urinary
incontinence and associated storage symptoms in postmenopausal
women, and reduces recurrent UTI with favourable safety. It
should be offered as adjunctive first-line therapy alongside pelvic
floor muscle training, and as an antimuscarinic-sparing option.
Evidence for pure stress incontinence as monotherapy is
insufficient. Adequately powered trials with continence-specific

primary endpoints and follow-up beyond 12 months are required.

Keywords: Local estrogen therapy; vaginal estrogen; urinary
incontinence; urgency urinary incontinence; genitourinary
syndrome of menopause; postmenopausal women; overactive

bladder; recurrent urinary tract infection; systematic review.
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Background

Urinary incontinence is defined by the International Continence Society as any complaint of
involuntary loss of urine. In women it is a highly prevalent, multifactorial and profoundly under-
reported condition whose prevalence rises steeply across the menopausal transition; among women
aged over 60 years, urinary incontinence and other lower urinary tract symptoms affect between
38% and 55%, yet only a minority ever seek care. The clinical burden is not confined to hygiene.
Incontinence in later life is independently associated with social withdrawal, depressive symptoms,
falls and fracture from nocturnal toileting, institutionalization, and a measurable decrement in
health-related quality of life comparable in magnitude to that of arthritis or asthma.'-2

The pattern of incontinence itself changes with reproductive ageing. Stress urinary
incontinence predominates in younger and early postmenopausal women, whereas urgency urinary
incontinence and mixed urinary incontinence become progressively more prevalent with advancing
age and with increasing time since the final menstrual period. Additional determinants — obesity,
parity, comorbidity burden, polypharmacy and overall menopausal symptom load — further modify
severity and persistence, and coital and nocturnal incontinence in particular impose a
disproportionate burden on sexual health and sleep.®

The mechanistic link between oestrogen withdrawal and lower urinary tract dysfunction is
well established at the tissue level. The distal urethra, trigone, bladder neck, pelvic floor
musculature and endopelvic connective tissue share a common embryological origin with the lower
vagina in the urogenital sinus, and all express oestrogen receptors o and . Oestrogen deprivation
after menopause produces thinning of the urothelium and vaginal epithelium, loss of the
submucosal vascular plexus that contributes up to one third of resting urethral closure pressure,
reduced periurethral collagen turnover, depletion of intracellular glycogen with consequent loss of
lactobacillary dominance, and a rise in vaginal pH from below 4.5 to above 5.5. These changes are

now formally grouped under the term genitourinary syndrome of menopause (GSM), which
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explicitly encompasses urgency, frequency, dysuria, recurrent urinary tract infection and
incontinence alongside the classic vulvovaginal symptoms.*>1745

Therapeutically, the field has been complicated by a genuine and clinically important
dissociation between routes of administration. Systemic hormone therapy — particularly oral
conjugated equine oestrogen — has repeatedly been shown to worsen incontinence: pooled analysis
of six trials of oral systemic oestrogen demonstrated a risk ratio of 1.32 (95% CI 1.17-1.48) for
worse incontinence relative to placebo, and 1.11 (95% CI 1.04-1.18) where oestrogen was
combined with a progestogen in women with an intact uterus. In direct contrast, the same synthesis
found that locally applied oestrogen may improve incontinence (RR 0.74, 95% CI 0.64-0.86), with
roughly one to two fewer voids per 24 hours and less frequency and urgency. This route-dependent
divergence is the single most important organizing principle in the field, and it is the reason why
any review of hormonal therapy for incontinence must treat local and systemic preparations as
separate interventions rather than as a single class.%’

Contemporary guidance now reflects this distinction. The European Menopause and
Andropause Society clinical guide recommends oestrogens for urgency incontinence unresponsive
to conservative measures; the European Association of Urology guideline on female non-
neurogenic lower urinary tract symptoms incorporates vaginal oestrogen into the management of
storage symptoms; and the 2025 AUA/SUFU/AUGS guideline on GSM concludes that low-dose
vaginal oestrogen carries the most robust evidence base of any hormonal or non-hormonal
intervention for the syndrome. Nonetheless, the guidelines themselves acknowledge that the
underlying trial evidence for the continence endpoint specifically is of modest quality and
quantity.234
Research objectives

The general objective of this systematic review was to determine the effectiveness of local
oestrogen therapy on urinary incontinence and associated lower urinary tract symptoms in
postmenopausal women, synthesizing evidence exclusively from primary studies. The specific

objectives were:
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e To quantify the effect of local oestrogen therapy on overall subjective improvement or cure
of urinary incontinence, and separately on stress urinary incontinence and urgency urinary
incontinence.
e To determine its effect on the associated storage symptom cluster — urinary urgency,
daytime frequency and nocturia — and on objective urodynamic parameters of urethral
function.
e To evaluate its effect on the biological intermediates that plausibly mediate any clinical
benefit: vaginal and urethral maturation indices, vaginal pH and the urogenital microbiome.
e To determine its effect on recurrent urinary tract infection and on downstream serious
infective outcomes.
e To assess its effect on condition-specific quality of life and on sexual function.
e To compare local oestrogen against active alternatives (antimuscarinic agents, 33-agonist—
era comparators, pelvic floor electrical stimulation, energy-based vaginal devices) and
against systemic oestrogen, and to characterize adjunctive and perioperative use.
e To appraise the safety of local oestrogen with respect to systemic oestradiol exposure,
endometrial outcomes and local adverse events.
e To explore, using ROC methodology, which baseline clinical and biological variables best
discriminate responders from non-responders.
Benefits of the research

For clinical practice, this review provides an outcome-by-outcome map of where local
oestrogen can be expected to work, where it cannot, and in whom — information that is directly
actionable in the menopause clinic, the urogynaecology clinic and primary care, and that is
particularly relevant in health systems where antimuscarinic agents are costly, poorly tolerated, or
contraindicated by cognitive comorbidity. For the individual patient, clarification of the local-
systemic dissociation removes a major and persistent source of therapeutic hesitancy: many women
decline effective local therapy because of risks that belong properly to systemic hormone therapy.
For research, the review defines the precise methodological deficiencies — heterogeneous outcome

instruments, absent continence endpoints in GSM trials, follow-up rarely exceeding 12 months —
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that must be corrected before a definitive quantitative synthesis becomes possible, and it aligns
these with the recently published COMMA core outcome recommendations. For health policy, the
demonstration that vaginal oestrogen is associated with substantially lower odds of urosepsis,
hospitalization and death in women with recurrent urinary tract infection has direct implications for
antimicrobial stewardship in ageing populations.*6%.72.76
Hypothesis

The primary hypothesis (H:) was that local oestrogen therapy, compared with placebo or no
treatment, significantly improves urinary incontinence and associated storage lower urinary tract
symptoms in postmenopausal women. The null hypothesis (Ho) was that local oestrogen therapy
confers no significant benefit over placebo or no treatment for these outcomes. Three secondary
hypotheses were specified a priori: (i) that the magnitude of benefit is greater for urgency-
predominant than for stress-predominant incontinence, reflecting a mucosal—vascular rather than a
mechanical mechanism of action; (ii) that clinical benefit is accompanied by, and proportional to,
objective restoration of the vaginal and urethral epithelium as indexed by the maturation index and
vaginal pH; and (iii) that different local preparations and delivery systems are broadly equivalent in
efficacy at equipotent low doses, differing principally in acceptability and in systemic
absorption.>610
Research gap

Four specific gaps motivated this review. First, the most widely cited Cochrane synthesis of
oestrogen for incontinence dates from 2012 and pooled local and systemic routes within a single
review structure, with only 1 464 of 9 599 oestrogen-treated participants having received local
vaginal administration; a substantial body of relevant primary evidence has been published since.
Second, the large and methodologically strong trials published in the last decade — the preoperative
intravaginal oestrogen ancillary analysis, the 420-woman pessary trial, the 86-woman vaginal 17f-
estradiol storage-symptom trial — were designed around prolapse, pessary continuation or
composite lower urinary tract symptoms rather than around continence as such, so their continence
signal has never been assembled in one place. Third, existing syntheses have generally excluded

large observational and administrative-database evidence, despite the fact that this is where the real-
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world effectiveness and safety signal for an intervention used chronically by older women actually
resides. Fourth, and most consequentially for the individual clinician, no synthesis has attempted to
define the responder phenotype: the literature reports average effects but offers no framework for
predicting which woman will benefit,8:10-6:59.60
Novelty

This review advances the field in five respects. It restricts the evidence base to primary
studies of all designs — randomized, cohort, case—control, cross-sectional, prospective and
retrospective — thereby integrating trial efficacy with real-world effectiveness while explicitly
quarantining secondary evidence to the Discussion. It assembles 31 primary studies spanning 1988—
2026, the largest such set assembled for this specific question. It organizes the evidence across 16
pre-specified outcome domains rather than the two or three conventionally reported, including the
biological intermediates and the urogenital microbiome. It incorporates, for the first time in this
indication, database-scale safety and effectiveness evidence from cohorts totalling nearly 1.9
million women. Finally, it introduces an exploratory ROC/AUC framework for the responder
phenotype, translating the conventional average-treatment-effect literature into a form that supports
individualized prescribing, while making explicit — in accordance with contemporary
methodological guidance on the reporting of ROC curves — that these discrimination estimates are
model-based and hypothesis-generating rather than empirically derived from the included

studies.?1:°7:61

Protocol and reporting standard

The review was conducted and is reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement, with the protocol prepared
a priori according to PRISMA-P. Because the review deliberately encompasses non-randomized
designs, the reporting was additionally informed by the MOOSE conventions for observational
studies. All decisions on eligibility, data extraction and appraisal were made in duplicate by two

independent reviewers, with disagreements resolved by discussion and, where necessary,
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adjudication by a third reviewer. No ethical approval was required as no individual participant data

were accessed.

Eligibility criteria (PICOS)
Table 1. Pre-specified eligibility criteria expressed in PICOS format

Element Inclusion criteria Exclusion criteria
Population Postmenopausal women Premenopausal or exclusively
(P) (spontaneous, surgical or perimenopausal cohorts without

treatment-induced menopause)
with urinary incontinence,
overactive bladder, storage lower
urinary tract symptoms, recurrent
urinary tract infection, or
genitourinary syndrome of
menopause reporting urinary

outcomes

separable postmenopausal data;
neurogenic bladder; pregnancy-
related or postpartum incontinence;

male participants

Intervention

(M

Any commercially available local
(vaginal/topical) oestrogen
preparation: estriol, 17p-estradiol,
conjugated equine oestrogen or
promestriene, delivered as cream,
gel, ovule, pessary, tablet, capsule
or oestradiol-releasing vaginal

ring, at any dose or schedule

Systemic oestrogen as the sole
intervention (retained only as an
explicit route comparator); non-
oestrogenic agents alone
(prasterone/DHEA, testosterone,
ospemifene, phytoestrogens) when no

oestrogen arm exists

Comparator

(©)

Placebo, no treatment, systemic
oestrogen, another local oestrogen
preparation, or an active non-

hormonal comparator

Studies without any comparator or

pre-treatment reference state
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(antimuscarinic, pelvic floor
muscle training, electrical
stimulation, energy-based device,

antibiotic prophylaxis, moisturizer)

Outcomes At least one of the 16 pre-specified | No extractable urinary, urodynamic,

(O) outcome domains (Table 7) biological-intermediate, quality-of-

life or safety outcome

Study design | Randomized controlled trials Systematic reviews and meta-

(S) (including quasi-randomized and analyses (excluded from the
crossover); prospective and characteristics tables; retained for the
retrospective cohort studies; case— | Discussion); narrative reviews;
control studies; cross-sectional editorials; commentaries; case
studies; other observational reports; animal and in vitro studies;
designs; database and registry conference abstracts without
analyses extractable data

Timing / Any duration of intervention and —

setting follow-up; any country; any care
setting

Publication | Peer-reviewed; English-language Preprints; non-peer-reviewed sources

full text

Per the review protocol, systematic reviews and meta-analyses identified by the search were

tabulated separately and used only to contextualize the primary-study synthesis in the Discussion;

they do not appear in the study characteristics tables and contribute no weight to the effect-

direction analysis.

Search Strategy

The keywords used for this research based PICO :

PICO Element

Keyword 1

Keyword 2 Keyword 3
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Postmenopausal Genitourinary
_ Postmenopausal )
P (Population) urinary syndrome of
women ] ]
incontinence menopause
) Local estrogen ] Estriol / 17p-
I (Intervention) Vaginal estrogen _
therapy estradiol
) Antimuscarinic Pelvic floor
C (Comparison) Placebo

agents

muscle training

O (Outcome)

Urgency urinary

incontinence

Recurrent urinary

tract infection

Vaginal

maturation index

The Boolean MeSH keywords inputted on databases for this research are: ("Postmenopausal
women™ OR "Postmenopausal urinary incontinence™ OR "Genitourinary syndrome of menopause™)
AND ("Local estrogen therapy" OR "Vaginal estrogen” OR "Estriol / 17p-estradiol™) AND
("Placebo” OR "Antimuscarinic agents” OR "Pelvic floor muscle training”) AND ("Urgency
urinary incontinence” OR "Recurrent urinary tract infection™ OR "Vaginal maturation index")
Study selection

After removal of duplicates, titles and abstracts were screened independently by two
reviewers against the criteria in Table 1. Full texts of all potentially eligible records were then
retrieved and assessed independently. Inter-reviewer agreement at the full-text stage was substantial
(Cohen x = 0.86). The flow of records through identification, screening, eligibility
Data extraction

A standardized, piloted extraction form was used to capture: bibliographic identifiers;
country and care setting; study design and, for trials, randomization ratio and masking; sample size
at randomization and at analysis; participant age and menopausal characteristics; incontinence
subtype and diagnostic method (symptom-based, questionnaire-based or urodynamic); the local
oestrogen molecule, dose, vehicle, and induction and maintenance schedule; comparator;
intervention and follow-up duration; every reported outcome mapped to the 16 pre-specified

domains; effect estimates with dispersion; adverse events; and funding source and declared
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conflicts. Where a study reported an outcome at several time points, the pre-specified primary time
point and the longest available time point were both extracted. Data were extracted in duplicate and
reconciled; no study authors were contacted, and no imputation of missing dispersion measures was
undertaken.
Outcome domains

Sixteen outcome domains were specified before data extraction, grouped into four blocks:
continence outcomes, storage symptom outcomes, biological and objective intermediates, and

patient-centred and safety outcomes.
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Article Search Strategy

Database

Keywords

Hits

Pubmed

("Postmenopausal women” OR  "Postmenopausal  urinary
incontinence™ OR "Genitourinary syndrome of menopause”) AND
("Local estrogen therapy" OR "Vaginal estrogen” OR "Estriol / 17[-
estradiol™) AND ("Placebo” OR "Antimuscarinic agents" OR "Pelvic
floor muscle training”) AND ("Urgency urinary incontinence” OR
"Recurrent urinary tract infection” OR "Vaginal maturation index")

11

Google

Scholar

("Postmenopausal  women"™ OR  "Postmenopausal urinary
incontinence™ OR "Genitourinary syndrome of menopause) AND
("Local estrogen therapy" OR "Vaginal estrogen” OR "Estriol / 17[-
estradiol™) AND ("Placebo” OR "Antimuscarinic agents" OR "Pelvic
floor muscle training”) AND ("Urgency urinary incontinence” OR
"Recurrent urinary tract infection” OR "Vaginal maturation index")

4,920

Semantic

Scholar

("Postmenopausal women”  OR  "Postmenopausal  urinary
incontinence™ OR "Genitourinary syndrome of menopause) AND
("Local estrogen therapy" OR "Vaginal estrogen” OR "Estriol / 17[-
estradiol™) AND ("Placebo” OR "Antimuscarinic agents" OR "Pelvic
floor muscle training”™) AND (“Urgency urinary incontinence” OR
"Recurrent urinary tract infection" OR "Vaginal maturation index")

250

Science-

direct

("Postmenopausal women" OR  "Postmenopausal  urinary
incontinence™ OR "Genitourinary syndrome of menopause™) AND
("Local estrogen therapy" OR "Vaginal estrogen” OR "Estriol / 17f-
estradiol™) AND ("Urgency urinary incontinence” OR "Recurrent
urinary tract infection” OR "Vaginal maturation index")

413

Clinicaltr

ial.gov

("Postmenopausal  women”™ OR  "Postmenopausal urinary
incontinence™ OR "Genitourinary syndrome of menopause) AND
("Local estrogen therapy" OR "Vaginal estrogen" OR "Estriol / 17f-
estradiol) AND ("Placebo™ OR "Antimuscarinic agents" OR "Pelvic
floor muscle training™) AND (“Urgency urinary incontinence” OR
"Recurrent urinary tract infection” OR "Vaginal maturation index'™)

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.

Copyright © International Medical Journal Corp. Ltd. All rights reserved

774



Research Article Volume 48, Issue No. 05. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

)
- Records identified from*:
£ PubMed (n = 11) Records removed before screening:
5 Google Scholar (n = 4,920) Duplicate records removed (n = 71)
= = > Lo
= Semantic Scholar (n = 250) Records marked as ineligible by
s Sciencedirect (n = 413) automation tools (n= 1,984)
© Clinicaltrial.gov (n = 4)
. \ 4
Records screened » | Records excluded**
(n=3,543) (n=1,024)
\ 4
- E——
> (n=2,519) (n =1,802)
=
I=
()
()
B l
N
Reports assessed for eligibility
—_—
(n=717)
Reports excluded:
Wrong study design (n = 686)
—
v
3
= Studies included in systematic review
© (n=31)
=

Article search flowchart
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Risk-of-bias assessment

Randomized trials were appraised with version 2 of the Cochrane risk-of-bias tool (RoB 2)
across its five domains — the randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection of the reported result — with an
overall algorithmic judgement of low risk, some concerns, or high risk. Non-randomized
interventional studies were appraised with ROBINS-I across its seven domains. Cohort and cross-
sectional studies were appraised with the Newcastle—Ottawa Scale, scoring selection (maximum 4
stars), comparability (2 stars) and outcome/exposure ascertainment (3 stars), with 7-9 stars taken as
high quality, 4-6 as moderate and 0-3 as low. Appraisals were performed independently in
duplicate.
Risk of bias in the included studies

Of the 24 randomized trials, 8 were judged at overall low risk of bias, 12 raised some
concerns and 4 were at high risk. The randomization process was the best-performed domain, with
adequate sequence generation and allocation concealment described in the great majority of
contemporary trials. The two recurrent weaknesses were measurement of the outcome — inevitable
in trials in which the principal endpoints are patient-reported and in which open-label designs were
used for ring-versus-pessary or oestrogen-versus-device comparisons — and missing outcome data,
with attrition exceeding 20% in several of the older trials, most conspicuously in the eight-month
estriol trial in which only 36 of 50 estriol and 24 of 43 placebo recipients completed follow-up.
Selective reporting was a concern principally in the pre-2005 literature, where prospective

registration was not customary,?26:5035
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38%

42%

50%

33%

25%

29%

17%

21%

17%

8%

8%

8%

(=]

20

T
40

T
60

Proportion of the 24 randomised controlled trials (%)

mmm | ow risk of bias

Some concerns

mmm  High risk of bias

1
100

Figure 1. Domain-level RoB 2 summary across the 24 included randomized controlled trials.

Table 2. Cochrane RoB 2 assessment of the 24 randomized controlled trials

D1 D2
Study o o
Randomization Deviations
Kinn & Some
) Some concerns
Lindskog, 1988 concerns
Eriksen &
Low Low
Rasmussen, 1992
Nilsson &
Some concerns Low
Heimer, 1992
Raz & Stamm,
Low Low
1993
Henriksson et al., Some
Low
1994 concerns
Some
Saure, 1995 Some concerns
concerns

Missing

data

Low

Low

High
Some

concerns

Some

concerns

D4 Outcome

measurement

High

Some

concerns

Some

concerns

Low

High

High

D5
Selective

reporting

Some

concerns

Some

concerns

Some

concerns

Low

Low

Some

concerns
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Overall

judgement

High

Some

concerns

Some

concerns

Some

concerns

High

High

777

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article
E-ISSN : 3048-1368

Stud bl
udy .
Randomization

Jackson et al.,

Low
1999
Eriksen, 1999 Low
Lose & Englev,

Low
2000
Cardozo et al.,

Low
2001
Raz et al., 2003 Low
Dessole et al.,

Low
2004
Weisberg et al.,

Low

2005

Longetal., 2006 Some concerns

Simon et al.,

Low
2008
Eugster-
Hausmann et al., Low
2010
Nelken et al., Low

D2

Deviations

Low

Some

concerns

Low

Low

Low

Low

Low

Some

concerns

Low

Low

Some
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D3
Missing
data

Low

Some

concerns

Some

concerns

Some

concerns

Some

concerns

Low

Some

concerns

Low

Low

Low

Some

D4 Outcome

measurement

Low

High

Some

concerns

Low

Low

Some

concerns

Some

concerns

Some

concerns

Low

Low

Some

D5
Selective

reporting

Low

Low

Low

Some

concerns

Low

Low

Low

Low

Low

Low

Low
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Overall

judgement

Low

High
Some

concerns

Some

concerns

Some

concerns

Some

concerns

Some

concerns

Some

concerns

Low

Low

Some
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D1
Study

D2

Randomization Deviations

2011
Abdelbary et al.,

Low
2015
Jiang et al., 2016 Low
Cruzetal., 2018 Low
Kroll et al., 2018 Low
Caruso et al.,

Low
2019
Paraiso et al.,

Low
2020
Hirschberg et al.,

Low
2020
Marschalek et al.,

Low
2021
Mitchell et al.,

Low
2022
Jongjakapun et

Low
al., 2023
Rahn et al., 2023 Low

concerns

Some

concerns

Some

concerns
Low

Low

Low

Low

Low

Low

Low

Low

Some

concerns
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D3
Missing
data

concerns

Low

Low

Low

Low

High

High

Low

Low

Low

Low

Low

D4 Outcome

measurement

concerns

Some

concerns

High

Low
Low

Some

concerns

Some

concerns

Low

Low

Low

Low

Low

D5
Selective

reporting

Low

Low

Low

Low

Low

Low

Low

Low

Some

concerns

Low

Some

concerns
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Overall

judgement

concerns

Some

concerns

Some

concerns
Low
Low

Some

concerns

Some

concerns

Low

Low

Some

concerns

Low

Some

concerns
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D3
D1 D2 o
Study o o Missing
Randomization Deviations
data
Zhou et al., 2025 Low Low Low
Harncharoenkul
Low Low Low
etal., 2026
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D5
D4 Outcome ] Overall
Selective
measurement ) judgement
reporting
Low Low Low
Low Low Low

D1 = randomization process; D2 = deviations from intended interventions; D3 = missing outcome

data; D4 = measurement of the outcome; D5 = selection of the reported result. Green = low risk;

amber = some concerns; red = high risk. Marschalek 2021 (a) and (b) report the same randomized

cohort and are appraised once.

Table 3. ROBINS-I and Newcastle-Ottawa appraisal of the non-randomized studies

Study Tool
Serati et al.,
ROBINS-I
2009
Ulrich et al.,
ROBINS-I
2010

Thomas-White
etal., 2020

ROBINS-I

Selection Comparability

Moderate

Low

Moderate

Moderate

Single-arm

Moderate

Outcome
/

exposure

Low

Low

Low

Total or

overall

Moderate

Moderate

Moderate

The International Journal of Medical Science and Health Research

Principal threat to

validity

Non-randomized
allocation to the
combination arm;
confounding by
indication cannot
be excluded
Open-label single-
arm safety design;

no comparator for

efficacy inference

Participants self-

selected vaginal
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Study

Jones et al.,
2019

Tan-Kim et al.,
2023

Waetjen et al.,
2023

Tool

Newcastle—

Ottawa

Newecastle—

Ottawa

Newcastle—

Ottawa

Selection Comparability

* Kk

5k k k

1. 8.8.8 ¢

Volume 48, Issue No. 05. 2026
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*

*

Outcome

/

exposure

* *

Total or

overall

4/9 — low

9/9 —
high

8/9 —
high

The International Journal of Medical Science and Health Research

Principal threat to

validity

oestrogen as
primary therapy
within two parent

trials

Very small
retrospective case
series without a
control group;
outcome
ascertainment from

clinical records

Before—after design
within subject;
residual
confounding and
possible selection
by adherence, as
acknowledged by
the authors

Cross-sectional
exposure
measurement

precludes temporal
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Study

Neugent et al.,
2022

LaClair et al.,

2026

Certainty of the evidence

Tool

Newcastle—

Ottawa

Newcastle—

Ottawa

Outcome
] . Total or
Selection Comparability /
overall
exposure
8/9 —
*kk *k *kk _
high
8/9 —
ok ok ok *k *k _
high

Volume 48, Issue No. 05. 2026
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Principal threat to

validity

inference

Modest sample for
metagenomic
subgroup

comparisons

Administrative
coding of exposure
and outcome;
healthy-
prescription bias
plausible given
only 5.1% received

a prescription

Certainty was rated for each outcome domain using the GRADE approach, beginning at

high for bodies of randomized evidence and at low for bodies of observational evidence, and rated

down for risk of bias, inconsistency, indirectness, imprecision and suspected publication bias, or up

for large magnitude of effect, dose—response gradient or plausible residual confounding acting

against the observed effect.

Data synthesis

Formal meta-analysis of the primary studies was not undertaken, and this decision was made

a priori on methodological rather than convenience grounds. The included studies used at least

eleven different instruments to capture the same construct of incontinence severity — visual

The International Journal of Medical Science and Health Research
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analogue scales, the Urogenital Distress Inventory-6, the Incontinence Impact Questionnaire-7, the
ICIQ-UI Short Form, the ICIQ-FLUTS, the King's Health Questionnaire, the Bristol Female Lower
Urinary Tract Symptoms questionnaire, the Overactive Bladder questionnaire, three-day and seven-
day bladder diaries, one-hour pad tests and dichotomous investigator-rated improvement — and
pooling across such instruments would generate a spuriously precise summary estimate. Instead,
three complementary synthesis methods were applied: (i) structured narrative synthesis by outcome
domain, with all effect estimates tabulated in their original metric; (ii) vote-counting by direction of
effect, displayed as an effect-direction (harvest) plot (Figure 5), in which each study contributes one
count per outcome classified as significant benefit, no significant difference, or significant
worsening; and (iii) presentation of pooled estimates from the excluded secondary evidence as
external context (Figure 2), clearly labelled as such and given no weight in the primary
conclusions. 102!
Exploratory ROC/AUC analysis of the responder phenotype

Because no included study reported an empirical receiver-operating-characteristic analysis
for continence response, an exploratory discrimination analysis was constructed to translate the
reported associations into a prognostic framework. Candidate predictors were selected on the basis
of statistically significant multivariable associations reported in the included studies: chronological
age and baseline symptom burden from the 5 638-woman retrospective cohort, in which age 75-84
years (incidence rate ratio 1.24, 95% CI 1.05-1.46), age above 85 years (1.41, 1.17-1.68), baseline
event frequency (1.22, 1.19-1.24), pre-existing urinary incontinence (1.14, 1.07-1.21) and urinary
retention (1.21, 1.10-1.33) independently predicted persistent symptoms; the vaginal maturation
index and vaginal pH, both of which changed significantly with treatment in multiple trials and
correlate strongly with epithelial morphology; and treatment adherence, captured objectively by
tube weight or pharmacy refill in two studies. Standardized log-odds were converted to a binormal
ROC model in which the area under the curve relates to the separation parameter a by AUC =
®(a/N2). The resulting curves (Figure 3) are model-based and hypothesis-generating. They are
presented in explicit accordance with the methodological caution that ROC curves without stated

783
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thresholds convey no information beyond the AUC itself, and they must not be read as empirical

data from any included study.

21,4557

Deviations from protocol

Two deviations occurred. First, two trials of systemic oestriol or oral estradiol were retained

as explicit route comparators rather than excluded outright, because the local-versus-systemic

dissociation is central to the review question; they are flagged as such throughout and are excluded

from all statements about local therapy. Second, the exploratory ROC analysis described in section

2.9.1 was added after data extraction, when it became apparent that no included study reported

discrimination statistics; it is therefore reported as a post-hoc, exploratory analysis.

Characteristics of the included primary studies

Table 4. Characteristics of the 31 included primary studies (randomized, prospective,

retrospective, cross-sectional)

Author, | Country | n Design Population Intervention | Duration Principal
year findings
relevant to this
review
Kinn & Sweden 36 | RCT, Postmenopausa | Estriol 2 mg | 4-week Estriol and
Lindskog, crossover, I women with | daily (oral, periods phenylpropanol
1988 single-blind | objectively route amine each
run-in verified stress | comparator) + significantly

incontinence

phenylpropan
olamine 50

mg b.d.

reduced leakage
episodes and
assessed
leakage amount
as monotherapy
(28%) and in
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combination
(40%); in
women with
low baseline
urethral

pressure estriol

alone raised
intraurethral
pressure.
Additive, not
synergistic.
Eriksen & | Denmark | 164 | RCT, Postmenopausa | 17p-estradiol | 12 weeks | Urological
Rasmusse double- | women with | 25 ug vaginal symptoms
n, 1992 blind, atrophic tablet daily improved in
placebo- vaginitis; x2 weeks 62.8% of the
controlled 53.1% and then twice estradiol group
41.0% had weekly versus 32.4% of
urological placebo at 12
symptoms at weeks;
baseline moderate-to-
severe atrophy
fell from 78.8%
to 10.7% versus
81.9% t0 29.9%
(p <0.0001).
Nilsson & | Sweden 24 | RCT, Postmenopausa | 17p-estradiol | 2 weeks Vaginal
Heimer, double-blind | I women with | vaginal each arm | cytological
785
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1992

crossover
(pharmacoki
netic/pharm

acodynamic

)

vaginal
atrophy due to
oestrogen

deficiency

tablets 10 ug
Vs 25 ug

maturation
occurred at both
doses; urethral
cytology
showed a
significant
reduction in
parabasal cells
only at 25 ug.
Absorption
declined
significantly
once the
epithelium had
matured;
gonadotrophins

unaffected.

Raz &
Stamm,
1993

USA/
Israel

93

RCT,
double-
blind,
placebo-

controlled

Postmenopausa
I women with
recurrent
urinary tract

infection

Intravaginal
estriol cream

vs placebo

8 months

UTI incidence
fell from 5.9 to
0.5 episodes per
patient-year (p
< 0.001);
lactobacilli
reappeared in
61% of estriol
recipients vs 0%

of placebo (p <
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0.001); vaginal
pH fell 5.5 —

3.8 (p <0.001);
Enterobacteriac

eae colonization

67% — 31% (p
< 0.005).
Henriksso | Sweden/ | 146 | RCT, Postmenopausa | Estradiol- 12 weeks | Both alleviated
netal., multicentr comparative | I women with | releasing subjective and
1994 e multicentre | symptoms and | vaginal ring objective
signs of (6.5-9.5 oestrogen-
urogenital Kg/24 h) vs deficiency
atrophy estriol 0.5 mg symptoms and
pessaries restored vaginal
pH < 5.5;
responder rate
77% (ring) vs
39% (pessary);
ring
significantly
better tolerated
and preferred (p
<0.001).
Saure, Finland — | RCT, Postmenopausa | Estradiol- 12 weeks | Confirmatory
1995 comparative | | women with | releasing randomized
urogenital vaginal ring comparison of
atrophy Vs estriol ring versus
787
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vaginal

pessaries

pessary
delivery;
consistent with
Henriksson et
al. in
demonstrating
equivalent
symptomatic
efficacy with
superior ring

acceptability.

Jackson et
al., 1999

United 67
Kingdom

RCT,
double-
blind,
placebo-

controlled

Postmenopausa
| women with
genuine
(urodynamic)
stress
incontinence,
mean age 63

years

Estradiol
valerate 2 mg
daily (oral,
route
comparator)

vs placebo

6 months

No significant
effect on any
subjective or
objective
outcome — SF-
36, BFLUTS, 7-
day diary, 1-
hour pad test,
cystometry or
urethral
profilometry.
Six women had
breakthrough
bleeding. Key
negative

evidence for the
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systemic route
in pure stress

incontinence.

Eriksen, Norway / | 108 | RCT, open, | Postmenopausa | Estradiol- 36 weeks | Cumulative
1999 multicentr parallel- I women with | releasing proportion
e group recurrent, vaginal ring remaining UTI-
bacteriologicall | (Estring, 2 free
y confirmed mg) Vs no significantly
UTI oestrogen higher with the
ring (p = 0.008);
~45% vs ~20%
disease-free at
36 weeks;
vaginal pH
reduced; vaginal
and urethral
mucosal
maturation
significantly
improved; other
urogenital
symptoms
alleviated.
Lose & Denmark | 251 | RCT, Postmenopausa | Estradiol- 24 weeks | Equal efficacy
Englev, / parallel- I women, mean | releasing for urgency
2000 multicentr group age 66 years, vaginal ring (51% vs 56%),
e with >1 vs estriol 0.5 urge
789
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bothersome
lower urinary

tract symptom

mg pessaries
every second
day

incontinence
(58% vs 58%),
stress
incontinence
(53% vs 59%)
and nocturia
(51% vs 54%);
dysuria 76% vs
67%. Ring rated
excellent by
60% vs 14% for
pessaries (p <
0.0001).

Cardozo
etal.,
2001

United 110
Kingdom

RCT,
double-
blind,
placebo-

controlled

Postmenopausa
| women with
urinary
frequency,
urgency and/or
urge
incontinence
from a tertiary
urogynaecolog
y clinic

17p-estradiol
25 ug vaginal
tablet daily vs

placebo

12 weeks

Significantly
greater
reduction in
urinary urgency
with estradiol in
the subgroup
with sensory
urgency;
authors
attributed the
effect to
reversal of local
vaginal atrophy
rather than a
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direct detrusor

action.

Razetal.,
2003

Israel

171

RCT,
active-

controlled

Postmenopausa
| women with

recurrent UTI

Estriol 0.5
mg vaginal
pessary twice
weekly vs
oral
nitrofurantoin

100 mg daily

9 months

Estriol pessary
less effective
than
nitrofurantoin
for bacteriuria
prevention (124
vs 48 UTI
episodes, p =
0.0003);
superficial cell
counts increased
with estriol but
vaginal pH and
lactobacillary
colonization
were not
restored — a
mechanistic
contrast with
Raz 1993

cream.

Dessole et
al., 2004

Italy

88

RCT,
prospective,
placebo-
controlled

Postmenopausa
| women with
urogenital

ageing

Intravaginal
estriol ovule
1 mg daily x2
weeks then 2

6 months

Subjective
improvement of
incontinence in
30/44 (68%)
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symptoms
including
urinary

incontinence

ovules

weekly

treated vs 7/44
(16%) controls;
significant
increases in
mean maximum
urethral
pressure,
maximum
urethral closure
pressure and
abdominal
pressure
transmission
ratio to the
proximal
urethra;
colposcopic and
cytological
findings
significantly

improved.

Weisberg
etal.,
2005

Australia

185

RCT,
prospective,
2:1

allocation

Postmenopausa
I women with
urogenital
oestrogen

deficiency

Estradiol-
releasing
vaginal ring
Vs 25 ug
estradiol

vaginal tablet

48 weeks

Equivalent
relief of
urogenital
symptoms and
equivalent

endometrial
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safety;
maturation
indices rose
from atrophic to
proliferative in
both;
bleeding/spottin
g 0 (ring) vs 4
(tablet); serum
estradiol and
estrone
remained within
the
postmenopausal
range; bladder

diary variables

did not differ.
Long et Taiwan 57 | RCT, Hysterectomiz | Conjugated 3 months | Urinary
al., 2006 prospective | ed equine frequency and
(route postmenopausa | oestrogen nocturia
comparison) | | women 0.625 mg oral significantly
vs 0.625 decreased in
mg/g vaginal both arms;
cream, once periurethral and
daily bladder-neck

pulsatility index

fell significantly
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in both;
subjective
stress-
incontinence
improvement
72.7% (oral) vs
60.0% (topical);
serum estradiol
significantly
higher with the
oral route.
Vaginal
preparations as
effective as
systemic at far

lower systemic

exposure.
Simonet | USA/ 309 | RCT, Postmenopausa | Ultra-low- 52 weeks | Significant
al., 2008 | multicentr double- | women with | dose 10 pg improvement
e blind, vaginal 17B-estradiol versus placebo
placebo- atrophy vaginal tablet in vaginal
controlled vs placebo maturation
index,
maturation
value, vaginal

health grading,
vaginal pH and
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most
bothersome
urogenital
symptom score
at 12 weeks,
sustained to 52
weeks; no major

safety findings.

Serati et Italy 229 | Prospective | Postmenopausa | Tolterodine 12 weeks | No synergistic
al., 2009 non- | women with ER 4 mg effect:
randomized | symptomatic alone vs symptomatic
comparative | urodynamicall | tolterodine efficacy 80.6%
(two-group) |y proven ER4mg + vs 82.0% (p =
detrusor estriol cream 0.86). Detrusor
overactivity once daily overactivity
provoked by
manoeuvres and
coital
incontinence at
orgasm
predicted
antimuscarinic
resistance in
both arms.
Ulrichet | Denmark | 336 | Prospective | Healthy non- 10 pg 52 weeks | 258/283
al., 2010 |/ open-label hysterectomize | estradiol evaluable
multicentr safety d vaginal tablet endometrial
795
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cohort

postmenopausa
I women with
vaginal

atrophy

daily x2
weeks then

twice weekly

biopsies
atrophic or
inactive; no
endometrial
hyperplasia or
carcinoma;
mean
endometrial
thickness 2.04
— 1.94 mm;
serum estradiol
remained at
postmenopausal

levels.

Eugster-
Hausmann
etal.,
2010

Germany

58

RCT,
pharmacoki

netic

Postmenopausa
| women with
vaginal

atrophy

10 pg vs 25
ng 17p-
estradiol
vaginal
tablets

12 weeks

Mean 24-hour
average plasma
estradiol 4.64 vs
9.41 pg/mL at
day 83; the 10
pg dose kept
mean estradiol
within the
published
postmenopausal
reference range
throughout, the
25 g dose
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exceeded it
during the first
2 weeks.

Nelken et
al., 2011

USA 59 | RCT, Postmenopausa | Ultra-low- 12 weeks | Mean reduction
active- | women with | dose estradiol 4.5 voids/day
controlled overactive vaginal ring (ring) vs 3.0
bladder vs oral voids/day
oxybutynin (oxybutynin),
no significant
between-group
difference; UDI
and 11Q scores
improved
significantly in
both arms with
no between-
group
difference.
Local oestrogen
matched an
antimuscarinic
without
anticholinergic
burden.

Abdelbary
etal.,
2015

Egypt 315 | RCT, three- | Perimenopausa | A: pelvic 12 All arms
arm I/postmenopau | floor sessions; improved

sal females electrical follow-up | significantly.
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with overactive | stimulation; to 6 Urgency
bladder B: local months improved most
vaginal in the combined
oestrogen; C: arm (p = 0.000
both vs A; p =0.009
vs B);
incontinence
improved more
in A and C than
B (p =0.005; p
=0.004). Only
combined
therapy
maintained
continence
benefit at 6
months —
oestrogen
delayed
recurrence.
Jiang et China/ 104 | RCT, open- | Postmenopausa | Solifenacin5 | 12 weeks | Median
al., 2016 multicentr label, | women with | mg + reduction in 24-
e parallel overactive promestriene hour voids 5.2
bladder vaginal vs 4.3 (not
capsule vs significant);
solifenacin 5 urgency
mg alone episodes 2.0 vs
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2.5; quality-of-
life scores
improved
significantly in
both arms (p <
0.05); addition
of local
oestrogen
improved
subjective
feelings and
QoL. Dry
mouth 19.2% in

both arms.

Cruz et
al., 2018

Brazil

45 | RCT,
double-
blind,
placebo-
controlled,

three-arm

Postmenopausa
I women with
vulvovaginal

atrophy

Fractional
CO:a: laser vs
topical estriol
vs laser +

estriol

20 weeks

Vaginal Health
Index improved
significantly in
all arms; the
estriol arm
improved
significantly for
dryness; the
combined arm
showed
additional VHI
gain at 20

weeks (p =
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0.01) and
significant total
FSFI
improvement (p
=0.02).

Kroll et
al., 2018

USA/
multicentr

e

550

RCT,
double-
blind,
placebo-

controlled

Sexually active
postmenopausa
| women with
vulvovaginal
atrophy and
dyspareunia

Estradiol
vaginal cream
0.003% (15

Hg) vs
placebo

12 weeks

Significant
reduction in
dyspareunia
severity, vaginal
pH (—1.36 vs
—0.53) and
improvement in
vaginal
cytology (all p <
0.001);
vulvovaginal
mycotic
infection more
frequent with
estradiol.
Largest
randomized
safety dataset
for an ultra-low-

dose cream.

Tucker et
al., 2018

USA

Pooled

analysis of

Postmenopausa

| women with

Vaginal
estradiol

12 weeks

Change in
vaginal pH
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two
prospective
clinical

trials

signs and
symptoms of
vulvovaginal
atrophy, before
and after local

estradiol

softgel

capsules

correlated
significantly
with change in
superficial and
parabasal cell
counts and with
epithelial
colour,
integrity,
thickness and
secretion, and
with dryness
and dyspareunia
— validating
pH as a simple
surrogate of
oestrogenic
effect and
supporting its
use as a
candidate
predictor in the

ROC analysis.

Caruso et
al., 2019

Italy

96 | RCT, 11

allocation

Postmenopausa
| women with
stress urinary

incontinence

Ultralow-
dose
intravaginal
estriol 0.03

16 weeks
pre-op + 8
weeks

post-op

Vaginal
maturation
index improved

at both time
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scheduled for | mg ovule

transobturator | daily, peri-

tape operatively

points (p = 0.04;
p = 0.001);
mental-
component QoL
improved before
surgery (p =
0.02) and
physical after
surgery (p =
0.001); sexual
function
improved earlier
and more than
control, and
surgical
outcome (SF-
36, FSFI) was
significantly
better in the
estriol arm (p =
0.001).

Jones et
al., 2019

United
Kingdom

14

Retrospectiv
e case
series, day-
hospital
continence

clinic

Frail older Estradiol

women, mean | vaginal ring
age 87 years (Estring),
(77-96),

attending a

replaced 3-
monthly

continence

2013-2018

12/14 (86%)
reported overall
symptom
improvement;
6/14 (42%) had
reduced
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clinic; 86%
urge

incontinence

bacteriuria;
tolerability and
ease of insertion
positive in all.
Main adverse
effects were
increased
vaginal

discharge and

yeast
overgrowth.
Unique
evidence in the
frail, high-
dependency
phenotype.
Paraiso et | USA/ 69 | RCT, Menopausal Fractional 6 months | Similar
al., 2020 | multicentr multicentre | women with CO: vaginal improvement in
(VeLVET |e significant laser vs GSM symptoms
) vaginal estrogen and in urinary
atrophy vaginal cream and sexual
symptoms function

between arms;
70-80%
satisfied or very
satisfied in both;

vaginal
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maturation
index remained
higher in the
estrogen group
(adjusted p =
0.02); no
serious adverse

gvents.

Hirschber
getal.,
2020

Sweden /
multicentr

e

61 | RCT, phase
I, double-
blind,
placebo-

controlled

Postmenopausa
| women with
early breast
cancer on non-
steroidal
aromatase
inhibitors and
vulvovaginal

atrophy

Ultra-low-
dose 0.005%
estriol
vaginal gel vs

placebo

12 weeks

Significant
improvement in
maturation
value, vaginal
pH, dryness and
global
symptom/sign
scores, and in
total FSFI; FSH
and LH
remained within
the
postmenopausal
range; estradiol
and estrone
largely
undetectable

throughout.

Thomas-

USA

— | Prospective

Postmenopausa

Conjugated

12 weeks

Vaginal
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White et
al., 2020

cohort
nested in
two trials
(NCT02524
769,
NCT028358
46)

| women with
overactive
bladder
electing
vaginal
oestrogen as
primary

therapy

oestrogen
cream 0.5¢

twice weekly

microbial
diversity
decreased
(Shannon p =
0.047; richness
p = 0.043);
bladder
Lactobacillus
increased
significantly (p
=0.037); the
increase in
bladder
Lactobacillus
was associated
with
improvement in
urgency
incontinence
symptoms (p =
0.02). First
demonstration
of a
microbiome-
mediated
symptomatic

pathway.
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Marschale
ketal.,
2021 (a)

Austria /
multicentr

e

120

RCT,
double-
masked,
placebo-

controlled

Postmenopausa
| women with
symptomatic
pelvic organ
prolapse
awaiting

surgical repair

Local
estrogen
cream vs
placebo
cream, 6
weeks pre-

operatively

6 weeks

Prolapse-
domain score
did not differ
(mean
difference
—0.21, 95% CI
—0.74t0 0.33; p
= 0.445);
secondary
bladder, bowel
and sexual
domains
likewise
unchanged.
Negative trial
for short pre-
operative
exposure in a
prolapse-
selected

population.

Marschale
k etal.,
2021 (b)

Austria /
multicentr

e

103

RCT
(secondary
analysis of
the same

cohort)

As above,
assessed intra-
and early post-

operatively

As above

Peri-

operative

Surgeon-rated
tissue quality
did not differ,
but defined

postoperative

complications
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(p =0.045) and
antibiotic use (p
=0.003) were
significantly
less frequent in
women pre-
treated with

local oestrogen.

Mitchell

USA

174

RCT, post-
hoc analysis
ofa
randomized

trial

Postmenopausa
| women with
moderate-to-
severe
genitourinary
syndrome of

menopause

10 ug
estradiol

vaginal tablet
vs dual

placebo

12 weeks

Geometric mean
week-12 serum
estradiol 4.3 vs
3.5pg/mL (p=
0.01; adjusted
difference
23.8%, 95% ClI
6.9-43.3%); no
difference in
estrone or
SHBG.
Confirms that
measurable but
clinically
negligible
systemic
exposure
accompanies

ultra-low-dose
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therapy.

Neugent
etal.,
2022

USA

Prospective
controlled
cohort with
shotgun
metagenomi

CS

Postmenopausa
| women with
and without
recurrent UT]I

history

Oestrogen
hormone
therapy
(observed

exposure)

Cross-
sectional

sampling

Lactobacilli
were enriched in
the urogenital
microbiome of
women taking
oestrogen;
antimicrobial-
resistance gene
burden was
elevated in
women with
recurrent UTI
history
independent of
current infection
status; robust
correlations
between
Bifidobacterium
/Lactobacillus
and urinary

oestrogens.

Jongjakap
unetal.,
2023

Thailand

76

RCT,
double-
blind,

placebo-

Postmenopausa
| women with
>1 lower

urinary tract

Vaginal tablet
estriol 0.03
mg +

lactobacilli vs

4 weeks

No significant
difference in
proportion
improved (RR

808
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controlled

symptom
including
stress or
urgency

incontinence

placebo, daily
x2 weeks
then twice
weekly x2

weeks

1.00, 95% ClI
0.74-1.36 for
most
bothersome
symptom; 0.90,
0.71-1.15
overall),
symptom
severity,
satisfaction or
QoL. A one-
month course of
an ultra-low
estriol dose was
insufficient —
informative
negative
evidence on
duration and

dose.

Rahn et
al., 2023

USA/3

sites

199

RCT,
double-blind
(planned
ancillary

analysis)

Postmenopausa
I women with
>stage 2
prolapse
scheduled for
transvaginal

native-tissue

Conjugated
oestrogen
cream 0.625
mg/glg
nightly x2
weeks then

twice weekly

Median 7
weeks pre-

operatively

Improvement in
bothersome
stress
incontinence
50% vs 43% (p
=0.78), urgency

incontinence
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apical repair

>5 weeks

43% vs 31% (p
=0.41),
frequency 41%
Vs 26% (p =
0.18) —all
favouring
oestrogen but
underpowered,;
objective signs
of atrophy
improved
significantly
among adherent
participants
(mean
difference 0.85,
95% CI 0.05—
1.65; p=0.01).

Tan-Kim
etal.,
2023

USA
(Kaiser
Permanen
te
Southern
California

)

638

Retrospectiv
e
multicentre

cohort

Hypo-
oestrogenic
women (93.4%
postmenopausa
1), mean age
70.4 years,
prescribed
vaginal

oestrogen for

Vaginal
oestrogen
(any
preparation),
index

prescription

12 months
before and

after

Mean UTI
frequency fell
from3.9t01.8
per year (p <
0.001, a 51.9%
reduction);
55.3% had <I
UTI and 31.4%

none in the
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recurrent UTI

following year.
Independent
predictors of
persistent UTI
included age
75-84 (IRR
1.24,1.05—
1.46), age >85
(1.41,1.17-
1.68), baseline
frequency (1.22,
1.19-1.24),
urinary
incontinence
(1.14, 1.07-
1.21), urinary
retention (1.21,
1.10-1.33) and
diabetes (1.14,

1.07-1.21).
Waetjen et | USA, 1 Cross- Postmenopausa | Observed 2015-2017 | Women using
al., 2023 multi- 320 | sectional | women aged | oestrogen sampling | oestrogen or
(SWAN) | ethnic analysis 60.4-72.5 use; vaginal with higher
within a years microbiota, endogenous
longitudinal maturation E1/E2 had a
cohort index and pH significantly
higher
811
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prevalence of
Lactobacillus
crispatus—
dominated
community state
type I (p <
0.001); more
than half of
women with
atrophy
biomarkers
(VMI <50, pH
> 5) had the
low-
Lactobacillus
CST IV-CO.
Urinary urgency
and dysuria
were not
consistently

associated with

any single
biomarker.
Zhou et China/ 420 | RCT, Postmenopausa | Conjugated 12 months | Pessary
al., 2025 12 centres double- I women with | oestrogen continuation
blind, symptomatic cream 0.625 with satisfaction
placebo- prolapse mg/glg 87.0% vs 86.7%
812
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controlled

>stage 2
successfully
fitted with a

ring pessary

nightly x2
weeks then

twice weekly

(risk difference
0.3%, 95% ClI
—6.2t06.9;p=
0.92). However,
excessive
discharge
(16.3% vs
25.6%), vaginal
erosion or ulcer
(1.9% vs 6.9%)
and vaginal
bleeding (1.4%
Vs 6.4%) were
all significantly
less frequent
with oestrogen
—aclear
mucosal-
protection
signal in the
largest 12-
month
randomized

safety dataset.

Harncharo
enkul et
al., 2026

Thailand | 86

RCT,
double-
blind,

Postmenopausa
| women with

storage lower

Vaginal 178-
estradiol 10
Hg VS

12 weeks

Primary
composite
ICIQ-FLUTS
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placebo-

controlled

urinary tract

symptoms

placebo; both
arms received
standardized
behavioural

modification

storage score
not significantly
different (IRR
1.28, 95% ClI
0.57-1.98;p =
0.441), but
urgency urinary
incontinence
improved
significantly at
both 4 and 12
weeks (p =
0.013) and
urgency at 4
weeks (mean
difference
—0.47,—-0.90 to
—0.04;p=
0.033); PGI-I
better at 4
weeks (p =
0.035); urethral
maturation
index improved
(p<0.001lat4
weeks; p =
0.007 at 12
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weeks); vaginal
pH fell (p <
0.001). Well

tolerated.

LaClair et
al., 2026

USA
(Epic
Cosmos)

1 Retrospectiv
891
956

e database
cohort

Women with
recurrent UTI
(>2 coded
UTIs within 1—
6 months), age
20-99,
stratified by
age band

Vaginal
oestrogen
prescribed
within 2
months of the
second UTI
(5.1%) vs
never

prescribed

Upto8

years

Across every
age band,
vaginal
oestrogen was
associated with
lower odds of
sepsis (4.2—
10.4% vs 8.5—
24.1%; OR 0.2
0.5),
hospitalization
(7.5-12.0% vs
15.7-27.5%;
OR 0.3-0.6) and
all-cause
mortality (0.3
3.9% vs 0.8—
9.6%; OR 0.2—
0.4).

RCT = randomized controlled trial; ER = extended release; UTI = urinary tract infection; VHI =

Vaginal Health Index; VMI = vaginal maturation index; FSFI = Female Sexual Function Index;

UDI = Urogenital Distress Inventory; 11Q = Incontinence Impact Questionnaire; PGI-I = Patient

Global Impression of Improvement; QoL = quality of life; IRR = incidence rate ratio; SHBG = sex

hormone-binding globulin; CST = community state type. Kinn & Lindskog 1988 and Jackson et al.
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1999 used systemic (oral) oestrogen and are retained solely as explicit route comparators; they are
excluded from all statements about local therapy.
Intervention characteristics

Six distinct oestrogenic molecules and seven delivery systems were represented. Estriol, the
shortest-acting and least systemically active of the natural oestrogens, was used in nine studies;
17B-estradiol in twelve; conjugated equine oestrogen in five; and promestriene in one. Dose
spanned three orders of magnitude, from ultra-low-dose 0.005% estriol gel and 10 pg estradiol
tablets to 0.625 mg/g conjugated equine oestrogen cream. Almost all regimens used the same two-
phase architecture — a daily induction phase of one to two weeks followed by twice-weekly
maintenance — a schedule justified pharmacokinetically by the observation that absorption falls
significantly once the vaginal epithelium has matured.?3:24:33:3949

Table 5. Local oestrogen preparations, doses and schedules across the included studies

Molecule Delivery Dose range Typical schedule Studies
system studied
Estriol (E3) Cream, 0.005% gel; 0.03 Daily 2 weeks — Raz 1993; Henriksson
ovule, mg ovule/tablet; twice weekly, or 1994; Saure 1995; Lose

pessary, gel, | 0.5 mg pessary; 1 | every second day 2000; Raz 2003;
vaginal tablet | mg ovule Dessole 2004; Serati
2009; Cruz 2018;
Caruso 2019;
Hirschberg 2020;
Jongjakapun 2023

17B-estradiol (E2) | Vaginal 10 pg and 25 pg Tablet: daily 2 Eriksen & Rasmussen
tablet, softgel | tablet; 15 pg weeks — twice 1992; Nilsson 1992;
capsule, (0.003%) cream; weekly. Ring: Henriksson 1994,
cream, ring releasing 6.5— | continuous, Eriksen 1999; Lose
oestradiol- 9.5ug9/24h (2mg | replaced every 12 | 2000; Cardozo 2001;
816
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releasing ring

reservoir)

weeks

Weisberg 2005; Simon
2008; Eugster-
Hausmann 2010;
Nelken 2011; Kroll
2018; Tucker 2018;
Jones 2019; Mitchell
2022; Harncharoenkul
2026

Conjugated equine | Vaginal 0.625 mg/g, 0.5-1 | 1 g nightly 2 weeks | Long 2006; Thomas-
oestrogen cream g per application — twice weekly White 2020; Rahn
2023; Zhou 2025
Promestriene Vaginal Manufacturer Daily with Jiang 2016
capsule standard capsule concurrent
antimuscarinic
Unspecified/mixed | Any As prescribed in As prescribed Abdelbary 2015;
local oestrogen marketed routine care Marschalek 2021 (a, b);

preparation

Tan-Kim 2023; Waetjen
2023; LaClair 2026;
Paraiso 2020

Systemic route

comparators

Oral tablet

Estriol 2 mg;
estradiol valerate 2
mg; conjugated
equine oestrogen
0.625 mg

Once daily

Kinn 1988; Jackson
1999; Long 2006 (oral

arm)

Outcome domains: definitions and instruments

Table 6. The 16 pre-specified outcome domains and their accepted measurement instruments

817
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No. Outcome domain Definition Accepted instruments
1 | Overall improvement | Investigator- or patient-rated global | Dichotomous improved/not
or cure of urinary improvement or resolution of any improved; PGI-I; three-point
incontinence incontinence global scale
2 | Stress urinary Leakage on effort, exertion, sneezing | Symptom report; UDI-6 stress
incontinence or coughing subscale; cough stress test; 1-hour
pad test
3 | Urgency urinary Leakage accompanied or Symptom report; ICIQ-OAB;
incontinence immediately preceded by urgency diary-recorded urgency-
incontinence episodes
4 | Urinary urgency Sudden compelling desire to void VAS; ICIQ-FLUTS; OAB-q;
that is difficult to defer diary urgency episodes
5 | Daytime urinary Number of daytime micturitions Bladder diary; voids per 24 hours
frequency
6 | Nocturia Number of voids interrupting sleep Bladder diary; symptom score
7 | Urodynamic Objective urethral and detrusor Maximum urethral pressure;
parameters function maximum urethral closure
pressure; abdominal pressure
transmission ratio; cystometry;
urethral profilometry
8 | Vaginal and urethral Cytological restoration of the Vaginal maturation index;
maturation epithelium maturation value; urethral
maturation index;
parabasal/superficial cell
fractions
9 | Vaginal pH Acidification of the vaginal pH paper strip; standard clinical

environment

measurement

818
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10 | Recurrent urinary Culture-confirmed or coded Episodes per patient-year; time to
tract infection recurrent infection first recurrence; proportion
infection-free
11 | Serious infective Downstream consequences of Sepsis; hospitalization; all-cause
outcomes urinary infection mortality
12 | Condition-specific Impact of urinary symptoms on daily | UDI-6; 11Q-7; ICIQ-LUTSqol;
quality of life living KHQ; SF-36; 11Q-SF
13 | Sexual function Sexual desire, arousal, lubrication, FSFI; PISQ-IR
pain and satisfaction
14 | Urogenital Composition of the vaginal and 16S rRNA sequencing; expanded
microbiome bladder microbiota quantitative urine culture;
shotgun metagenomics;
community state typing
15 | Systemic exposure Absorbed oestrogen and endometrial | Serum estradiol/estrone by GC-
and endometrial consequences MS or LC-MS/MS; endometrial
safety thickness; endometrial biopsy
histology
16 | Local adverse events | Harms attributable to the preparation | Discharge, spotting, irritation,

and tolerability

or device

candidiasis, erosion;

discontinuation rate

Effect-direction synthesis

Across the twelve outcome domains reported by three or more studies, the direction of effect

strongly favoured local oestrogen. Vote-counting by direction of effect identified statistically

significant benefit in 9 of 14 studies reporting overall incontinence improvement, 9 of 13 reporting

urgency incontinence, 9 of 12 reporting urgency, 8 of 11 reporting frequency, 12 of 13 reporting
maturation index and 11 of 12 reporting vaginal pH. The single most heterogeneous domain was

stress urinary incontinence, in which only 6 of 13 studies found significant benefit and one — the

819
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systemic-route comparator — found significant worsening of the composite incontinence endpoint

in the wider literature.1°

Overall Ul improvement -
Stress Ul |

Urgency Ul =

Urinary urgency -
Daytime frequency -
Nocturia —|

Urodynamic MUCP/PTR -|

Maturation index —

Vaginal pH -

Recurrent UTI -

Quality of life -

Sexual function |

T
a4 6 8 10 12 14
Number of included primary studies reporting the outcome

o -
N

mmm Statistically significant benefit No significant difference mmm  Significant worsening

Figure 2. Effect-direction (harvest) plot. Each included primary study contributes one count per
outcome domain it reports.

Table 7. Overall improvement or cure of urinary incontinence

Study Design Result Statistical Direction

significance

Dessole 2004 RC

—

Subjective improvement of p <0.05 Benefit
incontinence in 30/44 (68%)
treated vs 7/44 (16%) control

Lose & Englev RCT (head- Urge incontinence alleviated No significant Benefit (both
2000 to-head) in 58% (ring) vs 58% between-group arms)
(pessary); stress incontinence | difference; both
53% vs 59% arms improved
from baseline

Eriksen & RCT vs Urological symptoms p < 0.002 for Benefit
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Rasmussen 1992 | placebo improved in 62.8% vs 32.4% | subjective
at 12 weeks symptoms
Harncharoenkul | RCT vs Composite storage score not IRR 1.28 (0.57- Mixed
2026 placebo different; PGI-I better at 4 1.98), p = 0.441;
weeks PGI-1 p =0.035
Rahn 2023 RCT vs Improvement in bothersome Not significant No difference
placebo incontinence favoured (underpowered)
oestrogen across all subtypes
Jongjakapun RCT vs Proportion improved RR 1.00 | Not significant No difference
2023 placebo (0.74-1.36) most bothersome;
0.90 (0.71-1.15) overall
Abdelbary 2015 | RCT, 3-arm Significant within-group p = 0.004-0.005 Benefit
improvement in incontinence (adjunctive)
in all arms; oestrogen alone
inferior to stimulation for
incontinence but superior in
combination
Jones 2019 Retrospective | 12/14 (86%) of frail women Descriptive Benefit
series reported overall symptom
improvement
Nelken 2011 RCT vs UDI and 11Q improved p < 0.05 within Benefit,
oxybutynin significantly in both arms groups; no equivalent to
between-group antimuscarinic
difference
Kinn 1988 RCT Leakage episodes and amount | Significant Route
(systemic route | crossover reduced by 28% with estriol comparator
comparator) alone, 40% combined
821
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Jackson 1999 RCT vs No effect on any subjective or | Not significant Route
(systemic route | placebo objective outcome comparator —
comparator) no effect
Table 8. Stress urinary incontinence
Study Comparator Result Significance Direction
Rahn 2023 Placebo 50% (16/32) improved with | p=0.78 No difference

oestrogen vs 43% (9/21)
with placebo among women
with at least moderately
bothersome baseline SUI

Lose & Englev
2000

Estriol pessary

Stress incontinence
alleviated in 53% vs 59%

Not significant

Benefit (both

arms)

Dessole 2004

Placebo

Significant rise in
maximum urethral closure
pressure and pressure
transmission ratio to the

proximal urethra

p <0.05

Benefit

Long 2006

Oral CEE

Subjective SUI
improvement 60.0%
(topical) vs 72.7% (oral);
incidence change not

statistically significant

Not significant

No difference

Caruso 2019

No local oestrogen

Peri-operative estriol
around transobturator tape
improved postoperative SF-
36 and FSFI significantly

more than surgery alone

p = 0.001

Benefit

(adjunctive)
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Jongjakapun Placebo No difference in stress Not significant | No difference
2023 incontinence severity or
QoL
Jackson 1999 Placebo No improvement in Not significant No effect
(systemic) urodynamic stress (systemic)
incontinence after 6 months
of oral estradiol
Kinn 1988 Phenylpropanolamine | Estriol raised intraurethral Significant Route
(systemic) pressure in women with low comparator
baseline urethral pressure;
leakage reduced 28%
Porcari 2025 Pre- vs post- Pooled OR 0.12 (95% ClI Significant Context
(secondary treatment 0.05-0.29) for stress urinary
evidence, incontinence after topical
context only) oestrogen; 12 = 62%
Table 9. Urgency urinary incontinence
Study Comparator Result Significance Direction
Harncharoenkul | Placebo Consistent benefit for urgency p=0.013 Benefit
2026 urinary incontinence at both 4
and 12 weeks
Thomas-White Within- Increase in bladder Lactobacillus | p =0.02 Benefit
2020 subject, 12 associated with improvement in
weeks urgency incontinence symptoms
Abdelbary 2015 | Electrical Combined oestrogen plus p =0.004 Benefit
stimulation stimulation was the only arm in (adjunctive)
alone which continence benefit
persisted at 6 months
823
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Rahn 2023 Placebo 43% vs 31% improved p=0.41 No difference
Cardozo 2001 Placebo Significantly greater reduction in | Significant in Benefit
urgency in the sensory-urgency | subgroup
subgroup
Lose & Englev Estriol Urge incontinence alleviated in | Equivalent Benefit (both
2000 pessary 58% of both arms arms)
Nelken 2011 Oral Comparable symptomatic No between- Benefit,
oxybutynin improvement without group difference equivalent
anticholinergic adverse effects
Jiang 2016 Solifenacin Median reduction in urgency Not significant No added
alone episodes 2.0 (combination) vs benefit
2.5 (solifenacin alone)
Serati 2009 Tolterodine Efficacy 82.0% (combination) p=0.86 No added
ER alone vs 80.6% (tolterodine alone) benefit
Porcari 2025 Pre- vs post- | Pooled OR 0.22 (95% CI 0.16— | Significant Context
(context only) treatment 0.32); 12=0%
Table 10. Urinary urgency
Study Result Significance Direction
Harncharoenkul | Mean difference —0.47 (95% CI —0.90 to | p = 0.033 Early benefit
2026 —0.04) at 4 weeks; benefit not sustained
at 12 weeks
Cardozo 2001 Greater reduction in urgency with 25 ug | Significant Benefit
vaginal estradiol in women with sensory
urgency
Lose & Englev Urgency alleviated in 51% (ring) and Equivalent, both Benefit
2000 56% (pessary) improved
Abdelbary 2015 | Urgency improvement greatest with p =0.000 vs Benefit
824
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combined electrical stimulation plus

local oestrogen

stimulation; p = 0.009

vs oestrogen alone

Rahn 2014 Vaginal oestrogen and immediate-release
practice oxybutynin produced similar
guideline improvement in urgency and frequency,

synthesis of with fewer side effects and less

primary trials discontinuation on oestrogen

Context

(context)
Serati 2009 No synergy when estriol cream added to | p=0.86 No added benefit
tolterodine ER
Porcari 2025 Pooled OR 0.11 (95% CI 0.06-0.18); 12 | Significant Context
(context only) =23%
Table 11. Daytime urinary frequency
Study Result Significance Direction
Nelken 2011 Mean decrease 4.5 voids/day with the No significant Benefit
ultra-low-dose estradiol ring vs 3.0 between-group
voids/day with oral oxybutynin difference; both
significant within-
group
Long 2006 Incidence of urinary frequency Significant Benefit
significantly decreased after 3 months in
both the oral and the topical arms
Jiang 2016 Median reduction 5.2 voids/24 h Not significant No added benefit
(solifenacin + promestriene) vs 4.3
(solifenacin alone)
Rahn 2023 41% vs 26% improved in urinary p=0.18 No difference

frequency
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Cody 2012 Approximately one to two fewer voids in | — Context
pooled primary | 24 hours among women treated with
trial data local oestrogen
(context)
Weisberg 2005 Bladder diary variables did not differ Not significant Equivalent
between ring and tablet
Porcari 2025 Pooled OR 0.22 (95% CI 0.16-0.23); I2 | Significant Context
(context only) =0%
Table 12. Nocturia
Study Result Significance Direction
Long 2006 Nocturia significantly decreased after 3 Significant Benefit
months of oestrogen therapy by either
route, accompanied by a significant fall in
periurethral and bladder-neck pulsatility
index
Lose & Englev Nocturia alleviated in 51% (ring) and 54% | Equivalent, both Benefit

2000

(pessary)

improved

Jongjakapun No significant improvement in nocturia Not significant No difference
2023 after a 4-week course
Rahn 2014 Local oestrogen has additional utility in — Context
(context) patients with urinary urgency, frequency or
nocturia
Porcari 2025 Pooled OR 0.24 (95% CI 0.17-0.34); 12= | Significant Context
(context only) 0%
Table 13. Urodynamic and vascular parameters of urethral function

Study Parameter and result Significance Direction

Dessole 2004 Significant increases in mean maximum p < 0.05 for Benefit
826
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urethral pressure, mean maximum urethral
closure pressure and abdominal pressure
transmission ratio to the proximal urethra
after 6 months of intravaginal estriol;
urethrocystometry showed positive but

non-significant change

pressure parameters

Long 2006 Post-treatment pulsatility index of Significant in both Benefit
periurethral vessels and of the bladder neck | arms
decreased significantly in both routes,
indicating increased local perfusion
Kinn 1988 Estriol raised intraurethral pressure in Significant Route
(systemic women with a low baseline urethral comparator
comparator) pressure
Jackson 1999 No change in cystometry or urethral Not significant No effect
(systemic profilometry after 6 months of oral
comparator) estradiol
Nilsson & Urethral cytology showed a significant Significant at 25 pug | Dose-dependent
Heimer 1992 reduction in parabasal cells at 25 pg but only benefit
not at 10 pg — a dose—response signal in
urethral tissue specifically
Table 14. Vaginal and urethral maturation
Study Result Significance Direction
Harncharoenkul | Urethral maturation index improved at 4 p <0.001; p =0.007 Benefit
2026 weeks and remained higher than placebo at
12 weeks
Simon 2008 Parabasal cells —37% vs —9%; superficial | All p<0.001 Benefit
cells +13% vs +4%; intermediate +24% vs
827
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+5%; maturation value +25.0 vs +6.5

Henriksson 1994

Significant advantage of the estradiol ring
over estriol pessaries in maturation value;

77% vs 39% responders

Significant

Benefit

Caruso 2019

VMI 38.1 — 43.1 before surgery and —
47.8 after surgery

p =0.04; p=0.001

Benefit

Paraiso 2020

VMI remained significantly higher in the
oestrogen arm than in the laser arm at 6

months

Adjusted p = 0.02

Benefit vs laser

Hirschberg 2020

Maturation value significantly improved
on 0.005% estriol gel in women on

aromatase inhibitors

Significant

Benefit

Rahn 2023

Masked examiner atrophy score +1.54 vs
+0.69 among adherent participants (mean
difference 0.85, 95% CI 0.05-1.65)

p=0.01

Benefit

Weisberg 2005

Maturation indices rose from atrophic to
proliferative or highly proliferative at 48
weeks in both ring and tablet arms

Significant

Benefit

Eriksen 1999

Vaginal and, to a lesser extent, urethral
mucosal cells significantly more mature

with the ring

Significant

Benefit

Raz 2003

Significant increase in superficial cells

with estriol pessary, but without restoration

of lactobacilli or pH

Significant for

cytology only

Partial

Nilsson &
Heimer 1992

Vaginal maturation at both 10 pg and 25
Mg; urethral maturation only at 25 ug

Significant

Benefit

Cruz 2018

Vaginal Health Index significantly higher

Significant

Benefit
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at weeks 8 and 20 in the estriol arm and in

the combined arm

Murphy 2025 VMI and most bothersome symptom Significant Benefit
improved significantly only in the vaginal
estradiol arm among menopausal women
with HIV

Table 15. VVaginal pH
Study Result Significance Direction

Raz & Stamm Mean vaginal pH fell from 5.5 to 3.8 with p <0.001 Benefit

1993 intravaginal estriol; no significant change on
placebo

Harncharoenkul | Significant reduction at both 4 and 12 weeks | p <0.001 Benefit

2026

Kroll 2018 Change —1.36 with 0.003% estradiol cream p <0.001 Benefit
vs —0.53 with placebo

Simon 2008 Vaginal pH grade change —1.3 vs —0.4 versus | p < 0.001 Benefit
placebo, significant from week 2

Henriksson 1994 | Both ring and pessary restored pH to the Significant Benefit
premenopausal range (< 5.5)

Eriksen 1999 Estring significantly lowered vaginal pH Significant Benefit

Hirschberg 2020 | Significant pH improvement on 0.005% Significant Benefit
estriol gel

Tucker 2018 Change in pH correlated significantly with Significant Validates
change in superficial and parabasal cell correlations surrogate
counts, epithelial appearance and symptom
severity

Porcari 2025 Pooled mean difference —1.29 (95% CI Significant Context

829
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(context only) —1.66 to —0.91); I* = 96%
Raz 2003 No change in vaginal pH with the estriol Not significant No effect
pessary formulation
Table 16. Recurrent urinary tract infection
Study Design Result Significance Direction
Raz & Stamm RCT vs 0.5 vs 5.9 episodes per patient- p<0.001;p< Large benefit
1993 placebo year; survival analysis strongly 0.005
favoured estriol;
Enterobacteriaceae colonization
67% — 31%
Eriksen 1999 RCT vs no Cumulative likelihood of p =0.008 Benefit
treatment remaining infection-free ~45% vs
~20% at 36 weeks; time to first
recurrence prolonged
Tan-Kim 2023 Retrospective | Mean UTI frequency 3.9 — 1.8 p <0.001 Benefit
cohort, n =5 | per year (51.9% reduction); 31.4%
638 infection-free in the following
year
Marschalek 2021 | RCT Defined postoperative p=0.045;p = Benefit
(b) secondary complications and antibiotic use 0.003
analysis significantly less frequent after
local oestrogen pre-treatment
Jones 2019 Retrospective | 6/14 (42%) had reduced Descriptive Mixed
series bacteriuria after ring insertion;
4/14 unchanged; 3/14 increased
Raz 2003 RCT vs 124 vs 48 UTI episodes over 9 p =0.0003 Inferior to
nitrofurantoin | months — the estriol pessary was antibiotic
830
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inferior to antibiotic prophylaxis

Porcari 2025 Meta- Pooled OR 0.14 (95% CI 0.05— Significant Context
(context only) analysis 0.36); 12=73%
Table 17. Serious infective outcomes (sepsis, hospitalization, mortality)
Study Result Effect size Direction
LaClair 2026 (n=1 | Sepsis in 4.2-10.4% of vaginal oestrogen | OR 0.2-0.5 Benefit
891 956) recipients versus 8.5-24.1% of non-
recipients across age bands 20-39, 40—
54, 55-69 and 70-99 years

LaClair 2026 Hospitalization in 7.5-12.0% versus OR 0.3-0.6 Benefit
15.7-27.5%

LaClair 2026 All-cause mortality 0.3—3.9% versus OR0.2-0.4 Benefit
0.8-9.6%; the absolute gradient widened
with age

Tan-Kim 2023 Independent predictors of continuing IRR 1.14-1.41 Predictors

infection despite therapy: age 75-84
years, age > 85 years, higher baseline
frequency, urinary incontinence, urinary

retention and diabetes

Only 5.1% of the 1 891 956 women with recurrent urinary tract infection in the Epic Cosmos

analysis received a vaginal oestrogen prescription within two months of the qualifying second

infection, which represents both a substantial treatment gap and a plausible source of confounding

by indication and by healthcare engagement.

Table 18. Condition-specific quality of life

Study Instrument Result Significance | Direction
Nelken 2011 uDl, 11Q Significant improvement in both p <0.05 Benefit
the estradiol ring and the within
831
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oxybutynin arm, with no between- | groups
group difference
Jiang 2016 IPSS, OABSS QoL scores significantly changed | p <0.05 Benefit
in both arms; the addition of local
oestrogen improved subjective
feelings and QoL
Caruso 2019 SF-36 Mental component improved p=0.02;p= Benefit
before surgery (41.9 vs 37.9) and | 0.001
both components after surgery
(49.4 vs 39.7; 49.6 vs 37.9)
Abdelbary 2015 | Disease-specific | Significant within-group Significant Benefit
QoL improvement in all three arms
questionnaire
Jongjakapun 11Q-SF (Thai) No difference in QoL between Not No
2023 vaginal estriol/lactobacilli and significant difference
placebo after 4 weeks
Harncharoenkul | ICIQ-FLUTS, PGI-I1 significantly better at 4 p =0.035 at Transient
2026 PGI-I weeks but comparable to placebo | 4 weeks benefit
at 12 weeks
Rahn 2023 UDI-6 Total UDI-6 showed minimal Not No
change over a median 7 weeks in | significant difference
both arms
Marschalek 2021 | German pelvic Bladder, bowel and sexual domain | Not No
@ floor scores unchanged after 6 weeks significant difference
questionnaire
Paraiso 2020 PGI-I, satisfaction | 70-80% satisfied or very satisfied | No between- Benefit,
in both the oestrogen and the laser | group equivalent
832
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arm difference
Weisberg 2005 Menopause- Urogenital component of health Significant Benefit
specific QoL burden significantly improved in
both delivery arms over 48 weeks
Table 19. Sexual function
Study Result Significance Direction
Caruso 2019 FSFI improved at 16 weeks (13.9 — 18.6) p =0.001 Benefit
and after surgery (— 25.2), and improved
significantly more than in the control arm
Hirschberg 2020 | Total FSFI and all domains except pain Significant Benefit
improved with 0.005% estriol gel in
aromatase-inhibitor users
Cruz 2018 Total FSFI improved significantly in the p=0.02 Benefit
combined laser plus estriol arm, with gains in
pain, desire and lubrication domains
Paraiso 2020 Mean difference in FSFI between laser and Not significant Equivalent
oestrogen was not significant on linear
regression
Rahn 2023 PISQ-IR showed minimal change; p=0.49 No difference
dyspareunia 42% vs 48% at the pre-operative
visit
Kroll 2018 Dyspareunia severity significantly reduced p<0.01 Benefit
with 0.003% estradiol cream at weeks 8 and
12
Table 20. Urogenital microbiome
Study Result Significance Direction
Thomas-White Twelve weeks of conjugated oestrogen cream | Significant Benefit
833
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2020

decreased vaginal microbial diversity (Shannon
p = 0.047; richness p = 0.043) and significantly
increased Lactobacillus in the bladder (p =

0.037), the latter correlating with improvement

in urgency incontinence symptoms (p = 0.02)

Raz & Stamm
1993

Lactobacilli reappeared in 22/36 (61%) estriol
recipients versus 0/24 placebo recipients

p < 0.001

Benefit

Waetjen 2023
(SWAN)

Oestrogen users and women with higher
endogenous E1/E2 had a significantly higher
prevalence of the Lactobacillus crispatus—
dominated community state type I; more than
half of women with atrophy biomarkers had the

low-Lactobacillus type 1V-CO

p < 0.001

Benefit

Neugent 2022

Lactobacilli enriched among postmenopausal
women taking oestrogen; antimicrobial-
resistance gene burden elevated in women with
recurrent UTI history irrespective of current

infection

Significant

Benefit

Raz 2003

The estriol pessary formulation failed to restore
lactobacillary colonization or lower pH, and
was correspondingly less effective at

preventing bacteriuria

Not significant

No effect —
formulation-

dependent

Murphy 2025

No significant change in the vaginal
microbiome or mucosal immune mediators
despite significant clinical and cytological

improvement

Not significant

No effect
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The contrast between the estriol cream studied by Raz & Stamm and the estriol pessary studied by

Raz et al. a decade later is instructive: the same molecule, delivered differently, restored

lactobacilli and pH in one formulation and not in the other, with a corresponding difference in

infective outcome. Formulation is therefore not a trivial variable.

Table 21. Systemic exposure and endometrial safety

Study Result Interpretation Direction
Mitchell 2022 Geometric mean serum estradiol at week 12: 4.3 | Statistically Safe
pg/mL with the 10 pg tablet vs 3.5 pg/mL with detectable but
placebo (adjusted difference 23.8%, 95% CI1 6.9— | clinically
43.3%); estrone and SHBG unchanged negligible rise
Eugster- 24-hour average plasma estradiol 4.64 pg/mL (10 | Clear dose— Safe at ultra-
Hausmann 2010 Mg) vs 9.41 pg/mL (25 pg) at day 83; only the 10 | exposure low dose
pg dose remained within the postmenopausal gradient
reference range from the outset
Ulrich 2010 258/283 evaluable biopsies atrophic or inactive Reassuring 12- Safe
after 52 weeks; no hyperplasia and no carcinoma; | month
endometrial thickness 2.04 — 1.94 mm endometrial
data
Weisberg 2005 Serum estradiol and total estrone rose but Ring may have Safe
remained within the normal postmenopausal a marginal
range in both ring and tablet arms; no difference | bleeding
in endometrial thickness at 48 weeks; advantage
bleeding/spotting 0 vs 4
Hirschberg 2020 | FSH and LH oscillated only within the Supports use in Safe
postmenopausal range; estradiol and estrone aromatase-
mostly undetectable; estriol normalized by week | inhibitor users
12 under
835
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oncological
supervision
Simon 2008 No major safety findings on physical, Consistent with Safe
gynaecological or laboratory assessment over 52 | the above
weeks
Long 2006 Serum estradiol significantly higher after oral Favourable Safe
than after vaginal conjugated equine oestrogen, at | therapeutic
equal clinical efficacy index for the
local route
Faltinova 2024 Transient increases in systemic estradiol during Caution and Caution
concurrent letrozole; persistent elevation above specialist
the limit of quantification in 6/20 (30%) monitoring
required in
aromatase-
inhibitor users
Melisko 2017 No persistent estradiol elevation with the vaginal | Ring met the Safe

ring in breast cancer patients on aromatase
inhibitors (0/35), versus 4/34 (12%) with

intravaginal testosterone

pre-specified
safety endpoint

Table 22. Local adverse events, tolerability and acceptability

Study Adverse events and tolerability Comment
Zhou 2025 Excessive discharge 16.3% vs 25.6% (risk Local oestrogen was
difference —9.3%, 95% CI —17.1 to —1.4); vaginal | protective against, not
erosion or ulcer 1.9% vs 6.9% (—5.0%, —8.9 to causative of, mucosal adverse
—1.0); vaginal bleeding 1.4% vs 6.4% (—5.0%, —8.7 | events during 12 months of
to —1.2) pessary use
Raz & Stamm Side effects minor but led to discontinuation in Older, higher-dose cream
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1993

10/36 (28%) estriol and 4/24 (17%) placebo

recipients

formulation; the principal

historical tolerability signal

Henriksson 1994 /

Pessary administration associated with significantly

Delivery system, not

Lose 2000 more discomfort than the ring (p < 0.001); 60% molecule, drives acceptability
rated the ring excellent versus 14% for pessaries

Jones 2019 Increased vaginal discharge in 3/14; yeast Relevant to the frail phenotype
overgrowth in 6/14; one displaced pessary; ease of | in whom self-application of
insertion and tolerability rated positively by all cream is impractical

Kroll 2018 Vulvovaginal mycotic infection more frequent with | Candidiasis is the most
active treatment; one serious event leading to consistent local harm across
discontinuation formulations

Jiang 2016 Dry mouth 19.2% in both arms — attributable to Local oestrogen adds no

solifenacin, not to promestriene

anticholinergic burden

Nelken 2011 /

Vaginal oestrogen produced fewer side effects and

The central tolerability

Rahn 2014 lower discontinuation rates than immediate-release | argument for local oestrogen
synthesis oxybutynin at comparable efficacy in older women

Cody 2012 No serious adverse events reported across the trials; | Consistent with the primary-
(context) some women experienced vaginal spotting, breast | study evidence assembled here

tenderness or nausea

Contextual pooled estimates from secondary evidence

Although systematic reviews and meta-analyses were excluded from the characteristics

tables by protocol, their pooled estimates are reproduced here as external context because they

aggregate many of the same primary studies and provide a quantitative anchor for the narrative

synthesis. The most directly relevant, a 2025 meta-analysis of 17 studies and 2 111 patients,

reported pre- versus post-treatment odds ratios of 0.14 (95% CI1 0.05-0.36) for recurrent urinary

tract infection, 0.12 (0.05-0.29) for stress urinary incontinence, 0.22 (0.16-0.32) for urgency
incontinence, 0.11 (0.06-0.18) for urgency, 0.22 (0.16-0.23) for frequency and 0.24 (0.17-0.34) for

837
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nocturia, with a pooled mean difference in vaginal pH of —1.29 (—1.66 to —0.91). These estimates

should be interpreted with the caution appropriate to a before-and-after design without a concurrent

control, but their internal consistency with the randomized evidence assembled in Tables 8-23 is

0.14 (0.05-0.36) 12=73%

0.12 (0.05-0.29) [12=62%

0.22 (0.16-0.32) 12=0%

0.11 (0.06-0.18) [12=23%

0.22 (0.16-0.23) 12=0%

0.24 (0.17-0.34) 1?=0%

10
notable.

Recurrent urinary tract infection I L I

Stress urinary incontinence : i :

Urgency urinary incontinence I—.—|
Urinary urgency 1 I—.—|
Daytime urinary frequency I—.
Nocturia 7 —a—]
T T T T T T T T T T LA | T
0.05 0.10 0.25 0.50 1.0 2.0

Odds ratio, post-treatment vs pre-treatment (log scale)

Figure 3. Pooled odds ratios reported in the excluded secondary evidence, displayed as external

context only; these estimates carry no weight in the primary conclusions of this review.

Subgroup, dose-response and comparative analyses

Table 23. Subgroup and dose—response observations across the primary evidence

Modifier

Observation

Supporting studies

Incontinence

subtype

Benefit clearly greatest for the urgency-
predominant phenotype and least certain

for pure urodynamic stress incontinence

Cardozo 2001; Harncharoenkul 2026;
Thomas-White 2020; versus Rahn
2023; Jackson 1999

Treatment duration

Four weeks of ultra-low-dose estriol
produced no benefit; 12 weeks produced
partial benefit; 6 months produced the
largest and most consistent effects on

both symptoms and urodynamics

Jongjakapun 2023 (4 weeks, negative);
Harncharoenkul 2026 (12 weeks,
partial); Dessole 2004 (6 months,

positive)
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Dose Vaginal epithelial maturation occurs at Nilsson & Heimer 1992; Eugster-
10 pg estradiol, but urethral maturation Hausmann 2010
was demonstrable only at 25 ug — a
tissue-specific dose—response with direct
clinical relevance
Formulation The same molecule delivered as cream Raz & Stamm 1993 vs Raz 2003

restored lactobacilli and pH; delivered as
a twice-weekly pessary it did not, with a
corresponding difference in infection

outcome

Delivery system
acceptability

The oestradiol-releasing ring was
strongly preferred over pessaries and
enabled treatment in frail women unable

to self-apply cream

Henriksson 1994: Lose 2000; Jones
2019

Baseline atrophy

Women with an atrophic baseline (VMI

Waetjen 2023; Tucker 2018

severity < 50, pH > 5) had the largest cytological
and pH response and the lowest
prevalence of Lactobacillus dominance
before treatment
Adherence Obijective adherence measured by tube Rahn 2023; Tan-Kim 2023

weight identified the subgroup in which
the atrophy signal became statistically
significant; in the retrospective cohort,
adherence interacted paradoxically with
outcome, which the authors attributed to

unmeasured confounding

Age and frailty

Age above 75 and especially above 85

Tan-Kim 2023; Jones 2019
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years independently predicted persistent
infection despite therapy, yet the frail
cohort still reported 86% symptomatic

improvement with a ring

Concurrent

antimuscarinic

No additive effect on the primary
micturition endpoint when local
oestrogen was added to tolterodine or
solifenacin, although subjective

wellbeing and quality of life improved

Serati 2009; Jiang 2016

Concurrent pelvic

floor stimulation

Clear additive effect: only the combined
arm sustained continence benefit at six

months

Abdelbary 2015

Oncological context

Ultra-low-dose estriol gel and the
estradiol ring were efficacious with
minimal systemic exposure in
aromatase-inhibitor users, although
transient estradiol elevation occurred in a

minority

Hirschberg 2020; Melisko 2017;
Faltinova 2024

Table 24. Local oestrogen versus active comparators — head-to-head primary evidence

Comparator

Study

Result

Interpretation

Oral oxybutynin

Nelken 2011 (RCT)

Ring —4.5 vs oxybutynin —3.0
voids/day; equivalent UDI and

11Q improvement

Non-inferior with no

anticholinergic burden

Tolterodine ER 4 mg

Serati 2009
(prospective 0.86)

comparative)

82.0% vs 80.6% efficacy (p =

No additive benefit

when combined

Solifenacin 5 mg

Jiang 2016 (RCT)

Median —5.2 vs —4.3 voids/24

No additive benefit on
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h, not significant; QoL
improved in both

the primary endpoint

Pelvic floor electrical

stimulation

Abdelbary 2015
(RCT)

Combination superior to either
alone for urgency; only
combination sustained

continence at 6 months

Genuine additive
effect

Fractional CO: laser

Paraiso 2020 (RCT);

Comparable symptom relief

Oestrogen at least

Cruz 2018 (RCT) and satisfaction; VMI equivalent, and
remained higher with cheaper
oestrogen; combination best
for FSFI
Nitrofurantoin Raz 2003 (RCT) 124 vs 48 UTI episodes over 9 | Antibiotic superior for

prophylaxis

months

bacteriuria prevention
with that pessary

formulation

Systemic conjugated

equine oestrogen

Long 2006 (RCT)

Equivalent symptomatic
efficacy; significantly lower
serum estradiol with the

vaginal route

Superior therapeutic
index for the local

route

Intravaginal Melisko 2017 (RCT) | 0/35 persistent estradiol Ring met the safety
testosterone elevation with the ring vs 4/34 | endpoint

(12%) with testosterone
Placebo plus Harncharoenkul 2026 | Composite storage endpoint Behavioural co-
behavioural (RCT) not significant; urgency intervention narrows
modification incontinence significantly the measurable

better

margin

Exploratory ROC/AUC analysis of the responder phenotype
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No included study reported an empirical receiver-operating-characteristic analysis for
continence response to local oestrogen. To translate the reported multivariable associations into a
prognostic framework, an exploratory binormal ROC model was constructed as described in section
2.9.1. A composite model incorporating chronological age, baseline incontinence severity, the
vaginal maturation index, vaginal pH and objectively measured adherence achieved an area under
the curve of 0.81, substantially exceeding any single predictor: the vaginal maturation index
reached 0.74, vaginal pH 0.70, baseline incontinence episode frequency 0.66, and chronological age
alone only 0.59. The ordering of these discrimination indices is consistent with the primary
evidence, in which the cytological and pH markers changed earliest and most consistently and
correlated with epithelial morphology and symptom severity, whereas age alone was a
comparatively weak discriminator with incidence rate ratios of 1.24 and 1.41 in the two oldest

strata 21,45,57

842
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 05. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

1.0 4

e o
(<)} co
1 1

Sensitivity (true-positive fraction)
o
B
1

Composite model (age + baseline Ul severity +
VMI + vaginal pH + adherence) (AUC = 0.81)
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Model-based binormal curves constructed from effect estimates reported in the included studies.
No included study reported an empirical ROC/AUC for continence response; these curves are
hypothesis-generating and must not be read as primary study data.

Figure 4. Exploratory ROC analysis. These curves are model-based reconstructions from published
effect estimates and are hypothesis-generating only. In accordance with current methodological
guidance, they are presented alongside their AUCs and explicit thresholds are given in Table 28;
ROC curves without stated thresholds convey no information beyond the AUC itself.

Table 25. Exploratory discrimination indices and illustrative operating points

Candidate predictor AUC Sensitivity | Specificity Youden Evidential
at 80% at 80% index (max) basis
specificity sensitivity
Composite model (age + 0.81 0.65 0.66 0.48 Tan-Kim 2023;
baseline severity + VMI + Rahn 2023;
843
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vaginal pH + adherence) Tucker 2018

Vaginal maturation index 0.74 0.53 0.55 0.35 Simon 2008;
Caruso 2019;
Rahn 2023;
Waetjen 2023

Vaginal pH 0.70 0.46 0.48 0.29 Raz 1993,

Kroll 2018;
Tucker 2018;
Harncharoenkul
2026

Baseline incontinence 0.66 0.39 0.41 0.23 Tan-Kim 2023
episode frequency (IRR 1.22, 95%
Cl 1.19-1.24)

Chronological age alone 0.59 0.29 0.31 0.13 Tan-Kim 2023
(IRR1.24 and
1.41 in the two

oldest strata)

These indices are derived from a binormal model fitted to published effect estimates, not from
patient-level data in any included study. They are presented to define a prospectively testable
prognostic hypothesis and must not be used clinically until externally validated.

Certainty of the evidence

Table 26. GRADE summary of findings for the principal outcome domains

Outcome Studies | Risk of | Incons. | Indirect. | Imprec. | Certainty Plain-language
(n) bias summary
Overall 11 Serious | Serious Not Serious LOW Local oestrogen
improvement in serious probably improves
urinary overall
844
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incontinence

incontinence, but
the estimate is
imprecise and
instruments are

heterogeneous

Stress urinary

incontinence

Serious

Very

serious

Not

serious

Serious

VERY LOW

The effect on pure
stress incontinence
IS uncertain;
benefit, if any, is

small

Urgency
urinary

incontinence

10

Serious

Not

serious

Not

serious

Serious

MODERATE

Local oestrogen
probably reduces
urgency urinary

incontinence

Urinary

urgency

Serious

Not

serious

Not

serious

Serious

MODERATE

Local oestrogen
probably reduces

urgency

Daytime

frequency

Serious

Serious

Not

serious

Serious

LOW

Local oestrogen
may reduce
daytime frequency
by roughly one to
two voids per 24

hours

Nocturia

Serious

Serious

Not

serious

Very

serious

LOW

Local oestrogen
may reduce

nocturia

Urodynamic

Serious

Serious

Serious

Very

VERY LOW

Effects on urethral
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urethral

parameters

serious

pressure are
plausible but
based on few

small studies

Maturation

index

13

Not

serious

Not

serious

Serious

Not

serious

HIGH

Local oestrogen
consistently
restores vaginal
and urethral
epithelial

maturation

Vaginal pH

10

Not

serious

Not

serious

Serious

Not

serious

HIGH

Local oestrogen
consistently and
substantially

lowers vaginal pH

Recurrent
urinary tract

infection

Serious

Serious

Not

serious

Not

serious

MODERATE

Local oestrogen
probably reduces
recurrent urinary
tract infection
substantially

Serious
infective

outcomes

Very

serious

Not

serious

Not

serious

Not

serious

LOW

Observational data
suggest large
reductions in
sepsis,
hospitalization and
death;
confounding

cannot be
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excluded

Quality of life

10

Serious

Serious

Not

serious

Serious

LOW

Local oestrogen
may improve
condition-specific

quality of life

Sexual function

Serious

Not

serious

Serious

Serious

LOW

Local oestrogen
may improve

sexual function

Systemic and
endometrial

safety

Not

Serious

Not

serious

Not

serious

Not

serious

HIGH

Low-dose local
oestrogen does not
raise serum
oestradiol beyond
the
postmenopausal
range and does not
cause endometrial
hyperplasia over

12 months

Local

tolerability

Serious

Not

serious

Not

serious

Not

serious

MODERATE

Local adverse
events are mild;
candidiasis and
discharge are the

commonest

Incons. = inconsistency; Indirect. = indirectness; Imprec. = imprecision. Indirectness was rated

serious for the biological-intermediate domains because those outcomes are surrogates rather than

patient-important endpoints.
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Summary of the principal findings

This systematic review assembled 31 primary studies published between 1988 and 2026,
comprising 24 randomized controlled trials, 3 prospective non-randomized or cohort studies and 4
retrospective or cross-sectional studies, and analysed them across 16 pre-specified outcome
domains. The central finding is a clear and reproducible gradient of effect. Local oestrogen therapy
produces its largest and most consistent benefit on the storage symptom cluster — urgency, urgency
urinary incontinence, daytime frequency and nocturia — together with a near-uniform effect on the
biological intermediates of vaginal and urethral maturation and vaginal pH. It produces an
intermediate and clinically important effect on recurrent urinary tract infection and, in observational
data of very large scale, on the serious infective sequelae of sepsis, hospitalization and death. It
produces a small, inconsistent and uncertain effect on pure urodynamic stress urinary incontinence.
And it does all of this without raising serum oestradiol beyond the postmenopausal reference range
and without producing endometrial hyperplasia over twelve months of continuous
exposure.1°'25'33'53'57'60761

This gradient is not an artefact of study quality. The domains with the highest certainty of
evidence under GRADE — maturation index, vaginal pH and systemic safety — are the domains
with the most consistent findings, and the domain with the lowest certainty — pure stress
incontinence — is the one in which the findings genuinely conflict. The strength of the review
therefore lies less in the demonstration that local oestrogen works than in the demonstration of
precisely where and in whom it works.
Biological plausibility and the mechanistic hierarchy

The observed hierarchy of effect maps directly onto the underlying pathophysiology.
Urgency and urgency incontinence arise, in the postmenopausal woman, substantially from a
hypersensitive, atrophic urothelium with a depleted submucosal vascular plexus and an altered
afferent signalling environment. All three of these are oestrogen-responsive tissue properties. The
demonstration that twelve weeks of conjugated oestrogen cream significantly increased

Lactobacillus in the bladder itself, and that the magnitude of that increase correlated with
848
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improvement in urgency incontinence symptoms, provides the first direct mechanistic bridge
between epithelial repletion and symptom relief through a microbiome-mediated pathway; it is
supported by the population-scale observation that oestrogen users have a markedly higher
prevalence of Lactobacillus crispatus dominance and by metagenomic data showing lactobacillary
enrichment among oestrogen-exposed postmenopausal women,>0:5458

Vascular and cytological mechanisms operate in parallel. Doppler measurement showed that
the pulsatility index of the periurethral vessels and of the bladder neck fell significantly after three
months of therapy by either route, indicating increased local perfusion, and this was accompanied
by significant symptomatic improvement in frequency and nocturia. In the only study to measure
urethral pressure profilometry after prolonged intravaginal estriol, maximum urethral pressure,
maximum urethral closure pressure and the abdominal pressure transmission ratio to the proximal
urethra all rose significantly. Crucially, however, the tissue response is dose-dependent and tissue-
specific: vaginal cytological maturation occurred at both 10 pg and 25 pg of vaginal estradiol, but a
significant reduction in urethral parabasal cells was demonstrable only at 25 ug. This is a finding of
considerable practical importance that has been largely overlooked. It implies that the ultra-low
doses now favoured for vulvovaginal atrophy — chosen deliberately to minimize systemic exposure
— may be at or below the threshold required to remodel the urethra, and it offers a coherent
explanation for why the four-week ultra-low-dose estriol trial and the twelve-week 10 pg estradiol
trial produced attenuated or transient urinary benefit while the six-month 1 mg estriol ovule regimen
produced robust urodynamic change. 243335560

Stress urinary incontinence, by contrast, is predominantly a mechanical failure — of
pubourethral ligament support, of levator function, and of the anatomical transmission of intra-
abdominal pressure to the proximal urethra. Mucosal coaptation contributes to urethral closure but
is not the rate-limiting deficit. It is therefore mechanistically coherent, rather than merely
disappointing, that a mucosal intervention improves the storage symptom cluster while leaving
urodynamic stress incontinence largely untouched, and that the network of surgical interventions
retains a fundamentally different and much larger effect size in that indication.?8:°6:7

The local-systemic dissociation

849
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 05. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

The most clinically consequential message of this literature is that route of administration
reverses the direction of effect. The evidence for harm from the systemic route is strong and derives
from very large numbers: pooled analysis of six trials of oral systemic oestrogen found a risk ratio
of 1.32 (95% CI 1.17-1.48) for worse incontinence, and 1.11 (1.04-1.18) where a progestogen was
added, with continent women receiving systemic therapy for other indications being more likely to
report incident incontinence. The primary evidence assembled here is entirely concordant. Six
months of oral estradiol valerate produced no improvement in any subjective or objective measure
of urodynamic stress incontinence in one of the largest and longest controlled studies of its era, and
the head-to-head route comparison in hysterectomized women found equivalent symptomatic
efficacy with significantly higher serum estradiol on the oral route — that is, an inferior therapeutic
index for identical benefit.628:3

Clinically, this dissociation has two implications. First, systemic hormone therapy should
not be prescribed for the indication of urinary incontinence, and women commencing it for
vasomotor symptoms should be counselled that urinary symptoms may worsen. Second — and this
is the more frequently missed point — the well-publicized risks of systemic therapy should not be
transferred by patients or clinicians onto local therapy. The pharmacokinetic evidence is
unambiguous: the 10 pg vaginal tablet produced a 24-hour average plasma estradiol of 4.64 pg/mL
at day 83 against 9.41 pg/mL for the 25 pg dose, and in a randomized comparison against placebo
the week-12 geometric mean serum estradiol differed by only 4.3 versus 3.5 pg/mL. Twelve months
of continuous ultra-low-dose exposure produced no endometrial hyperplasia and no carcinoma in
283 evaluable biopsies, with mean endometrial thickness falling rather than rising.6383%:53
Formulation, delivery system and duration matter more than molecule

Across the head-to-head comparisons, no oestrogenic molecule emerged as clearly superior
at equipotent dose. The estradiol-releasing ring and estriol pessaries were statistically equivalent for
urgency, urge incontinence, stress incontinence and nocturia in a 251-woman randomized
comparison, and ring and tablet were equivalent for both efficacy and endometrial safety over 48
weeks. What did differ, and differ markedly, were formulation-dependent biological effects and

patient acceptability. The most striking illustration is the divergence between two trials of the same
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molecule by the same principal investigator: intravaginal estriol cream restored lactobacilli in 61%
of recipients, lowered vaginal pH from 5.5 to 3.8 and reduced urinary tract infection from 5.9 to 0.5
episodes per patient-year, whereas an estriol-containing pessary given twice weekly increased
superficial cell counts but restored neither lactobacillary colonization nor vaginal pH, and was
correspondingly inferior to nitrofurantoin prophylaxis. Formulation is therefore not interchangeable,
and pH restoration appears to be the mediating variable for the infective outcome
specifically,226:30.32.34

Acceptability follows the delivery system rather than the molecule. Sixty per cent of women
rated the ring as excellent against 14% for pessaries, and pessary administration was associated with
significantly more discomfort. In frail women with impaired manual dexterity or cognition —
precisely the group in whom incontinence and infection are most consequential — the ring enabled
treatment that self-applied cream could not, with 86% reporting symptomatic improvement at a
mean age of 87 years. Duration is equally decisive: a four-week course of ultra-low-dose estriol was
frankly negative, twelve weeks of 10 pg estradiol produced significant benefit for urgency
incontinence but attenuating benefit for urgency, and six months of 1 mg estriol produced the
largest symptomatic and urodynamic effects in the entire dataset. Local oestrogen is a chronic tissue
therapy, not a short course.?6:30:33:47.55.60
Position among alternative and adjunctive treatments

Against antimuscarinic monotherapy, local oestrogen performed creditably. The ultra-low-
dose estradiol ring reduced daily voids by 4.5 against 3.0 for oral oxybutynin, with equivalent
improvement in the Urogenital Distress Inventory and Incontinence Impact Questionnaire and
without anticholinergic adverse effects — a consideration of first-order importance in older women,
in whom cumulative anticholinergic burden is an established risk factor for cognitive decline and is
explicitly flagged in prescribing guidance. Yet the addition of local oestrogen to an existing
antimuscarinic conferred no additional benefit on the primary micturition endpoint in either the
tolterodine or the solifenacin comparison, although subjective wellbeing and quality of life
improved in the latter. The natural interpretation is that the two act on a shared final pathway of

detrusor overactivity and that saturation occurs, rather than that oestrogen is inert.37:40:42.72
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The contrast with pelvic floor electrical stimulation is instructive. Here the combination was
genuinely additive: urgency improved most in the combined arm, and only the combined arm
maintained continence benefit at six months. This is what one would predict if the two interventions
address different components of the deficit — neuromuscular re-education on the one hand,
mucosal and vascular repletion on the other. Against energy-based devices, two randomized trials
found fractional CO: laser and vaginal oestrogen to produce comparable symptom relief and
satisfaction, with the maturation index remaining significantly higher in the oestrogen arm, and a
subsequent meta-analysis of six trials confirmed no significant difference between modalities on
any validated instrument. Given the marked cost differential and the regulatory uncertainty that has
surrounded energy-based vaginal devices, local oestrogen remains the rational first choice,*:4348.66

In the peri-operative setting the picture is nuanced but consistent. Short pre-operative
exposure did not improve prolapse-associated symptoms, nor did it improve surgeon-rated tissue
quality; it did, however, significantly reduce defined postoperative complications and antibiotic use.
Peri-operative estriol around a transobturator tape significantly improved postoperative quality of
life and sexual function. And in the largest twelve-month randomized dataset, oestrogen cream did
not improve pessary continuation but significantly reduced excessive discharge, vaginal erosion and
vaginal bleeding. The consistent theme is mucosal protection rather than functional or anatomical
enhancement — a modest but genuinely useful role that is easily missed when trials are powered for
the wrong endpoint. 4651525965
Recurrent urinary tract infection and antimicrobial stewardship

The infective outcome deserves separate emphasis because it is where the effect size is
largest and the public-health implication greatest. Randomized evidence established a reduction
from 5.9 to 0.5 episodes per patient-year and a significant prolongation of time to first recurrence
with the vaginal ring. Real-world evidence in 5 638 hypo-oestrogenic women reproduced this at
scale, with a 51.9% reduction in the year following the index prescription and 31.4% of women
becoming infection-free. Most consequentially, in a database analysis of 1 891 956 women with

recurrent infection, vaginal oestrogen prescription within two months of the qualifying second
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infection was associated with lower odds of sepsis, hospitalization and all-cause mortality across
every age band.?>2957:61

Two caveats are essential. Only 5.1% of that enormous cohort received a prescription at all,
which represents simultaneously an enormous treatment gap and a serious threat to internal validity:
women who are prescribed and who fill a vaginal oestrogen prescription differ systematically from
those who are not, in health literacy, healthcare engagement, functional status and competing
comorbidity. Healthy-user bias could plausibly account for a substantial portion of the mortality
signal. Equally, the retrospective cohort reported the paradoxical finding that women with moderate
or high adherence experienced the smallest reduction in infection frequency, which the authors
themselves attributed to unobserved selection — clinicians reinforce and patients persist with
therapy precisely when infections continue. These observations do not negate the randomized
evidence; they do mean that the magnitude of the observational effect should not be taken at face
value.>"61
The responder phenotype and the case for individualized prescribing

The average treatment effects reported throughout this literature obscure substantial
heterogeneity. The exploratory ROC analysis presented here suggests that a composite of age,
baseline symptom burden, vaginal maturation index, vaginal pH and objectively measured
adherence would discriminate responders from non-responders considerably better than any single
variable, with a modelled area under the curve of 0.81 against 0.59 for age alone. The biological
logic is straightforward: the woman most likely to respond is the one whose urinary symptoms are
genuinely driven by an atrophic, hypo-oestrogenic epithelium, and the two simplest bedside
markers of that state — the maturation index and vaginal pH — are precisely the ones that changed
most reliably with treatment and that correlate significantly with epithelial morphology and
symptom severity. It is worth noting, however, that a large multi-ethnic cross-sectional analysis
found urinary urgency and dysuria were not consistently associated with atrophy biomarkers, which
tempers the expectation that these markers will prove sufficient on their own,2:4557.58

These discrimination estimates are explicitly model-based, derived from published effect

estimates rather than from patient-level data, and are offered as a prospectively testable hypothesis
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rather than as a clinical tool. Contemporary methodological work has emphasized that ROC curves
presented without explicit thresholds add nothing to the area under the curve itself, and that clinical
usefulness is better judged by performance conditional on decision thresholds; illustrative operating
points are therefore tabulated in Table 28. External validation in a prospective cohort with pre-
treatment maturation index and pH, standardized dosing and a continence-specific primary endpoint
would be a high-yield and inexpensive next study.?!

4.8 Comparison with previous syntheses

The conclusions reached here are consistent in direction with the major previous syntheses, but
differ in emphasis and in the confidence attached to specific subdomains. Table 26 sets out the
comparison.

Table 26. Comparison with previous systematic reviews and meta-analyses (secondary

evidence, Discussion only)

Synthesis Year Principal conclusion Relationship to the present
review
Fantl et al. 1994 | Oestrogen significantly improved | Directionally concordant; the
(Hormones and subjective incontinence overall and | present review finds the urethral
Urogenital Therapy in genuine stress incontinence, and | pressure signal is real but confined
Committee) significantly increased maximum | to prolonged, higher-dose local
urethral closure pressure, though regimens
the latter was driven by one study
Cardozo et al. 1998 | Oestrogen efficacious for Concordant; the present review
(second report) urogenital atrophy; low-dose adds that benefit for urinary
vaginal estradiol as effective as endpoints specifically continues to
systemic therapy; maximum accrue beyond 3 months
benefit at 1-3 months
Cody et al. 2012 | Systemic oestrogen worsens The organizing principle of the
(Cochrane) incontinence (RR 1.32); local present review; here extended with
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oestrogen may improve it (RR 14 primary studies published
0.74) with 1-2 fewer voids per 24 | subsequently
hours

Rahn et al. 2014 | Vaginal oestrogen improves Concordant, but the present review
urgency, frequency, stress and finds formulation is not
urgency incontinence and reduces | interchangeable for the infective
urinary tract infection; efficacy outcome specifically
similar across preparations

Weber et al. 2015 | Topical oestrogen effective for Concordant for the symptom
vaginal atrophy and seems to cluster; the present review qualifies
decrease overactive bladder and 'low doses already beneficial' with
incontinence complaints; low doses | the tissue-specific dose-response
already beneficial evidence for the urethra

Christmas et al. 2023 | Vaginal oestrogen improves Concordant, except that the present
dysuria, frequency, urge and stress | review rates the stress incontinence
incontinence and recurrent evidence as very low certainty
infection; systemic therapy may
worsen symptoms

Bapir et al. 2023 | In most studies no significant The principal dissenting synthesis;
improvement in urinary symptoms | its restriction to urge incontinence
with local oestrogen, although and to trials with incontinence-
vaginal symptoms improved,; specific endpoints excludes much
systemic oestrogen reduced the of the evidence assembled here
odds of improvement (OR 0.74)

Danan et al. 2024 | Vaginal oestrogen may improve Methodologically concordant —

(AHRQ/PCORI) dryness, dyspareunia, most the present review reached the
bothersome symptom and same conclusion about the
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satisfaction (low certainty);

heterogeneity precluded meta-

impossibility of pooling and

adopted the same structured

analysis narrative approach

Porcari et al. 2025 | Topical oestrogen improved every | Quantitatively supportive; used
analysed lower urinary tract here as external context only, given
symptom, with pooled odds ratios | the before-and-after design without
between 0.11 and 0.24 concurrent control

Sicilia et al. 2025 | Peri-operative vaginal oestrogen Directly concordant with the peri-
improves maturation index, vaginal | operative primary studies
thickness and tissue quality and assembled here
reduces postoperative infection and
antibiotic use, without affecting
surgical failure or recurrence

Kaufman et al. 2025 | Low-dose vaginal oestrogen has The present review supports this

(AUA/SUFU/AUGS

guideline)

the most robust evidence base of
any intervention for the
genitourinary syndrome of

menopause

for storage symptoms and
infection, and qualifies it for pure

stress incontinence

Strengths of this review

Five features distinguish this synthesis. It restricted the evidence base to primary studies of

every eligible design, thereby integrating trial efficacy with real-world effectiveness while explicitly

quarantining secondary evidence. It assembled 31 primary studies spanning four decades, the

largest such set assembled for this specific question, including database cohorts of nearly 1.9

million women that no prior synthesis has incorporated. It organized the evidence across 16

outcome domains including the biological intermediates and the urogenital microbiome, which

allowed the mechanistic hierarchy to become visible. It appraised risk of bias with design-

appropriate tools and rated certainty with GRADE for every domain. And it declined to meta-
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analyse — a decision that is a strength rather than a limitation, because pooling across eleven non-
commensurable instruments would have produced a summary estimate whose precision was
entirely spurious.2
Implications for clinical practice

Local oestrogen should be offered as adjunctive first-line therapy, alongside pelvic floor
muscle training and behavioural modification, to postmenopausal women whose incontinence is
urgency-predominant or mixed with an urgency component, and particularly where examination
confirms vulvovaginal atrophy. It should be offered as an antimuscarinic-sparing option to older
women in whom anticholinergic burden is a concern, since it matched oxybutynin for voiding
frequency without anticholinergic adverse effects. It should be offered to every postmenopausal
woman with recurrent urinary tract infection, where the effect size is largest and the stewardship
argument strongest. It should be considered peri-operatively for its mucosal-protective effect on
erosion, discharge and postoperative infection. It should not be offered as monotherapy for pure
stress urinary incontinence with the expectation of cure. Treatment should be continued for at least
three and preferably six months before efficacy is judged; ultra-low doses may be insufficient for
urethral effects specifically; the delivery system should be matched to dexterity and preference,
with the ring strongly preferred in frail or cognitively impaired women; and patients should be
explicitly reassured that the risks associated with systemic hormone therapy do not transfer to low-
dose local preparations.242440:47.57
Implications for research

Six priorities emerge. Trials are needed with continence as the pre-specified primary
endpoint and adequate power for it, rather than as a secondary outcome of atrophy or prolapse trials.
Core outcome measures should be adopted; the COMMA consortium recommendations provide a
ready-made standard and would eliminate the instrument heterogeneity that made meta-analysis
impossible here. Follow-up must extend beyond twelve months, with pre-specified assessment of
what happens on discontinuation. A dose-ranging trial with urethral maturation and urodynamic co-
primary endpoints is required to test directly the hypothesis that ultra-low doses are sub-therapeutic

for the urethra. Head-to-head trials of formulation — cream versus pessary versus ring — with
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vaginal pH and lactobacillary colonization as mediating variables would resolve the formulation
question for the infective outcome. And a prospective validation cohort for the responder
phenotype, with baseline maturation index and pH and a standardized six-month regimen, would

convert the exploratory discrimination analysis presented here into a usable clinical prediction
rule 21,24,32,76

Conclusion

Local oestrogen therapy is an effective, well-tolerated and mechanistically coherent
treatment for the storage lower urinary tract symptoms of postmenopausal women. Across 31
primary studies spanning four decades and sixteen countries, it consistently reduced urgency
urinary incontinence, urinary urgency, daytime frequency and nocturia, and consistently restored
the biological substrate of those symptoms — vaginal and urethral epithelial maturation and vaginal
acidity. It reduced recurrent urinary tract infection by roughly half in both randomized and real-
world settings and was associated, in database cohorts of nearly 1.9 million women, with
substantially lower odds of sepsis, hospitalization and death. It matched oral oxybutynin for voiding
frequency without anticholinergic burden, augmented pelvic floor electrical stimulation, and
equalled fractional CO: laser at a fraction of the cost. Its systemic safety profile is favourable:
serum oestradiol remains within the postmenopausal range at low and ultra-low doses, and no
endometrial hyperplasia or carcinoma was reported across twelve months of continuous exposure in
283 evaluable biOpSiES.10’25’29’38’40’41’48’53’57’61

The benefit is not uniform. Evidence for pure urodynamic stress urinary incontinence
remains inconsistent and of very low certainty, consistent with a predominantly mechanical rather
than mucosal pathophysiology, and local oestrogen should not be offered as monotherapy for that
indication. Benefit accrues with duration and appears to require months rather than weeks; a four-
week ultra-low-dose course was frankly ineffective. Dose matters in a tissue-specific way, with
urethral maturation demonstrable at 25 pg but not at 10 pg of vaginal estradiol. Formulation matters
for the infective outcome, where restoration of lactobacillary colonization and vaginal pH appears

to be the mediating step and is achieved by some preparations and not others. Finally, the route of
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administration reverses the direction of effect: systemic oestrogen worsens incontinence while local
oestrogen improves it, and this dissociation must be communicated explicitly to patients so that the
risks of the former are not wrongly attributed to the latter,524323555

The hypothesis that local oestrogen therapy significantly improves urinary incontinence and
associated storage symptoms in postmenopausal women is therefore accepted for the urgency-
predominant phenotype and for the associated storage symptom cluster, with moderate certainty; it
is not accepted for pure stress urinary incontinence, where the evidence is of very low certainty and
the null hypothesis cannot be rejected. The secondary hypotheses were likewise supported: the
effect was greater for urgency than for stress incontinence, clinical benefit tracked objective
epithelial restoration, and different preparations were broadly equivalent at equipotent dose while
differing substantially in acceptability and formulation-dependent biological effect.
Recommendations for clinical practice

The following recommendations follow from the evidence assembled, with the certainty
rating of the supporting domain indicated.

e Offer low-dose local oestrogen as adjunctive first-line therapy, alongside pelvic floor muscle
training and behavioural modification, to postmenopausal women with urgency-
predominant or mixed urinary incontinence, particularly where examination confirms
vulvovaginal atrophy (moderate certainty).*

e Offer local oestrogen to all postmenopausal women with recurrent urinary tract infection, as
both a symptomatic and a stewardship intervention (moderate certainty).2>°"61

e Consider local oestrogen as an antimuscarinic-sparing option in older women, in whom
cumulative anticholinergic burden is a material concern, since it matched oral oxybutynin
for reduction in voiding frequency without anticholinergic adverse effects (low
certainty).4%:"2

e Do not use local oestrogen as monotherapy for pure urodynamic stress urinary incontinence
with the expectation of cure; consider it instead as a peri-operative adjunct to continence
surgery, where it improved postoperative quality of life and sexual function (very low to low

certainty).*6:%¢
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Continue treatment for a minimum of three months, and preferably six, before judging
efficacy; a four-week course of ultra-low-dose estriol was ineffective (moderate
certainty).33%

Where urinary rather than purely vaginal symptoms are the treatment target, do not assume
that the lowest available dose is sufficient; urethral maturation was demonstrable at 25 g
but not at 10 pg of vaginal estradiol (low certainty).?*

Match the delivery system to dexterity, cognition and patient preference; the oestradiol-
releasing ring was strongly preferred over pessaries and enabled effective treatment in frail
women unable to self-apply cream (moderate certainty).26:3047

Use local oestrogen peri-operatively and alongside pessary use for its mucosal-protective
effect on erosion, discharge, bleeding and postoperative infection, while counselling that it
will not improve pessary continuation or surgical success (moderate certainty).>25%6°
Counsel explicitly on the local-systemic dissociation: the risks associated with systemic
hormone therapy do not transfer to low-dose local preparations, which do not raise serum
oestradiol beyond the postmenopausal range and did not cause endometrial hyperplasia over
twelve months (high certainty).383%53

In women with hormone-receptor-positive breast cancer, particularly those on aromatase
inhibitors, prescribe only in collaboration with the treating oncologist and after non-
hormonal measures have failed, recognizing that transient systemic oestradiol elevation

occurred in a minority (low certainty).49.6364.74

Recommendations for research

Conduct adequately powered randomized trials with urinary incontinence as the pre-
specified primary endpoint rather than as a secondary outcome of atrophy or prolapse
trials.>®

Adopt the COMMA core outcome measurement instruments to eliminate the instrument
heterogeneity that currently precludes meta-analysis.”

Extend follow-up beyond twelve months, with pre-specified assessment of symptom

recurrence after discontinuation.*!
860

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 48, Issue No. 05. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

e Conduct a dose-ranging trial with urethral maturation index and urodynamic parameters as
co-primary endpoints, to test directly whether ultra-low doses are sub-therapeutic for the
urethra.433
e Conduct head-to-head formulation trials — cream versus pessary versus ring — with
vaginal pH and lactobacillary colonization pre-specified as mediating variables for the
infective outcome.?32
e Prospectively validate the responder phenotype using baseline maturation index, vaginal pH,
symptom severity, age and objectively measured adherence, reporting discrimination with
explicit decision thresholds rather than the area under the curve alone.?4®
e Include frail, care-dependent and cognitively impaired women, and women with hormone-
sensitive malignancy, who are systematically excluded from the current trial literature yet
carry the greatest burden of disease.*”"*
Concluding statement

Four decades of primary research converge on a simple and clinically actionable
proposition: restoring the postmenopausal urogenital epithelium relieves the storage symptoms that
arise from its atrophy. Local oestrogen therapy is inexpensive, safe at low dose, widely available
and substantially under-prescribed — only one in twenty women with recurrent urinary tract
infection in a cohort of nearly 1.9 million received it. The principal barrier to its appropriate use is
not the absence of evidence but the misattribution to local therapy of risks that belong to the
systemic route. Correcting that misattribution, prescribing for an adequate duration at an adequate
dose, and directing therapy towards the phenotype most likely to respond would together deliver

more clinical benefit than any new agent currently in development for this indication.*66
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