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Menopause represents a permanent cessation of ovarian 

follicular activity accompanied by a marked decline in 

circulating estrogen levels [1]. Although this transition is 

biologically universal, its structural and symptomatic 

consequences vary considerably across individuals and 

often remain under-recognized in routine clinical practice 
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[2]. Estrogen receptors are widely distributed in the 

vaginal epithelium, urogenital tract, skin, adnexal 

structures, and connective tissues, making these systems 

particularly sensitive to hormonal withdrawal. With 

reduced estrogenic stimulation, epithelial turnover slows, 

collagen synthesis declines, microvascular perfusion 
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Estrogen de�ciency after menopause contributes to structural and symptomatic changes in 

genital, cutaneous, and adnexal tissues, yet available evidence remains scattered across 

clinical and imaging disciplines. Objectives: To summarize contemporary evidence on 

anatomical and dermatologic manifestations of estrogen de�ciency in postmenopausal women 

and to evaluate the effects of local hormonal and device-based treatments. Methods: A 

systematic review following PRISMA 2020 guidelines. PubMed/MEDLINE, Scopus, Web of 

Science, and Google Scholar were searched for English-language studies from 1 January 2017 to 

31 December 2024. Eligible designs included randomized controlled trials, observational and 

cross-sectional studies, imaging investigations, and pilot interventions involving naturally or 

surgically postmenopausal women. Outcomes included clinical signs, symptom scores, imaging 

parameters, and dermatologic manifestations. Risk of bias was assessed using the Cochrane 

RoB-2 tool for randomized trials and the Newcastle–Ottawa Scale for observational and imaging 

studies. Results: Eighteen studies met the inclusion criteria. Randomized trials of low-dose 

vaginal estradiol and selective estrogen receptor modulators improved vaginal pH, Vaginal 

Health Index, Vaginal Maturation Index, dryness, and dyspareunia with minimal systemic 

absorption. Dermatology-focused cohorts commonly reported xerosis, pruritus, dermatoses, 

nail fragility, and female-pattern hair loss. Imaging studies demonstrated reduced dermal and 

vaginal wall thickness and altered echogenicity. Evidence for fractional CO₂ laser and 

radiofrequency remained limited to small pilot studies with short follow-up. Conclusions: 

Estrogen de�ciency is consistently associated with measurable structural and symptomatic 

changes in genital and cutaneous tissues. Local estrogen therapy offers reliable short-term 

bene�ts, whereas device-based interventions remain investigational and require larger 

controlled trials.
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decreases, and tissue moisture regulation becomes 

impaired, contributing to symptoms such as dryness, 

discomfort, impaired healing, and dermatologic changes 

[3, 4]. These manifestations collectively contribute to the 

clinical picture of Genitourinary Syndrome of Menopause 

(GSM) and Vulvovaginal Atrophy (VVA), conditions that 

signi�cantly affect quality of life for many women [5]. Over 

the past decade, research exploring the anatomical and 

dermatologic effects of estrogen de�ciency has expanded, 

supported by improved imaging technologies and 

controlled clinical studies [6, 7]. High-frequency 

ultrasound, elastography,  and histopathological 

evaluations have demonstrated reduced dermal thickness, 

altered echogenicity, and diminished elasticity in 

estrogen-deprived tissues [8]. Clinical studies have 

further documented changes in hair density, nail integrity, 

and mucosal architecture, suggesting a broader spectrum 

of estrogen-related tissue vulnerability than previously 

recognized [9]. Despite this growing evidence base, 

substantial gaps persist, particularly regarding the 

i n t e g r a t i o n  o f  i m a g i n g  � n d i n g s  w i t h  c l i n i c a l 

manifestations, variability across populations, and the 

comparative bene�ts of emerging non-hormonal 

interventions. Therapeutic approaches have also evolved, 

with low-dose vaginal estradiol formulations, selective 

estrogen receptor modulators (SERMs), and non-hormonal 

modalities such as fractional CO₂ laser and radiofrequency 

being increasingly investigated [3]. While randomized 

controlled trials consistently show great improvements in 

Vaginal Health Index (VHI), Vaginal Maturation Index (VMI), 

pH, dryness, and dyspareunia, evidence for energy-based 

or  device-based therapies remains l imited and 

heterogeneous, highlighting the need for careful 

interpretation. 

Furthermore, cultural barriers and limited access to 

menopause-focused care continue to delay treatment 

seeking in many regions, underscoring the importance of 

comprehensive evidence synthesis. This systematic 

review consolidates the current literature describing 

structural, dermatologic, and mucosal manifestations of 

estrogen de�ciency and evaluates therapeutic strategies 

aimed at restoring tissue health. This approach improves 

visibility of existing knowledge gaps and supports the 

development of more targeted and effective management 

strategies for postmenopausal women. This study aims to 

clarify the breadth of estrogen-related anatomical 

changes and identify areas where evidence remains 

insu�cient by integrating �ndings from clinical 

assessments, imaging modalities, and interventional 

studies. 

M E T H O D S

This systematic review was conducted according to the 

PRISMA 2020 guidelines, with the primary aim of 

summarizing contemporary clinical, dermatologic, 

anatomical, and imaging-based evidence regarding 

estrogen-de�ciency manifestations in postmenopausal 

women. A comprehensive search was carried out in 

PubMed/MEDLINE, Scopus, Web of Science, and Google 

Scholar to identify eligible studies published between 1st 

January 2017 and 31st December 2024. The search strategy 

combined controlled vocabulary and keywords related to 

menopause, estrogen de�ciency, genitourinary syndrome, 

vulvovaginal atrophy, skin aging, dermal thinning, and 

imaging modalities. A PubMed string was: (“menopause” OR 

“postmenopause” OR “post-menopausal”) AND (“estrogen 

de�ciency” OR “hypoestrogenism”) AND (“genitourinary 

syndrome of menopause” OR “GSM” OR “vulvovaginal 

atrophy” OR “VVA”) AND (“skin aging” OR “dermal thinning” OR 

“cutaneous changes”) AND (“ultrasound” OR “imaging” OR 

“elastography” OR “histology”). In Google Scholar, searches 

were limited to results “since 2017”, and only the �rst 200 

records were screened, as recommended in high-yield 

search approaches. Reference lists of the included studies 

were also reviewed to ensure complete coverage of 

relevant literature. Eligibility criteria were de�ned using 

the PICOS framework. Studies were included if they 

involved naturally or surgically postmenopausal women 

and evaluated clinical, anatomical, or dermatologic 

outcomes associated with estrogen de�ciency. Eligible 

designs consisted of randomized controlled trials, 

observational studies, cross-sectional surveys, imaging 

studies, and pilot interventional investigations. Only full-

text publications available in English were considered. 

Reviews, case reports, animal studies, editorials, 

conference abstracts without full text, and studies lacking 

anatomical or dermatologic outcomes were excluded. To 

maintain consistency, all outcome measures were de�ned 

in advance. The Vaginal Health Index (VHI) was considered a 

�ve-domain clinical score assessing elasticity, moisture, 

�uid volume, pH, and epithelial integrity. The Vaginal 

Maturation Index (VMI) was de�ned as the percentage 

distribution of parabasal, intermediate, and super�cial 

cells. Dyspareunia was accepted when measured by a 

visual analogue scale or as the Most Bothersome Symptom 

(MBS). Dermal thickness and elasticity were interpreted 

based on high-frequency ultrasound or elastography, while 

female-pattern hair loss was evaluated using trichoscopy 

or the Ludwig classi�cation. Two independent reviewers 

screened all titles and abstracts retrieved from the search. 

Full-text articles were assessed separately by the same 

reviewers using the pre-speci�ed cr iter ia.  Any 

disagreements were resolved through discussion, and 
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when consensus could not be reached, a senior reviewer 

served as an arbitrator. Inter-rater reliability for full-text 

screening was calculated using Cohen's kappa (κ = 0.84), 

demonstrating strong agreement. Data extraction was 

also performed independently by two reviewers using a 

structured extraction form that  included study 

characteristics, sample features, outcome de�nitions, 

assessment tools, interventions, imaging parameters, and 

key �ndings. Extracted data were cross-checked to ensure 

accuracy before synthesis. Risk of bias assessment was 

conducted separately for randomized and non-randomized 

studies. Randomized trials were appraised using the 

Cochrane RoB-2 tool, which examines the randomization 

process, deviations from intended interventions, missing 

outcome data, measurement reliability, and selective 

reporting. Observational and imaging-based studies were 

evaluated using the Newcastle–Ottawa Scale, focusing on 

participant selection, comparability of groups, and 

outcome ascertainment. All assessments were completed 

independently by two reviewers, with discrepancies 

addressed through discussion. Due to substantial 

heterogeneity across study designs, populations, and 

measurement approaches, a meta-analysis was not 

feasible. Therefore, the �ndings were synthesized 

narratively, grouping results into anatomical, clinical, 

dermatologic, and imaging domains. This approach 

allowed integration of multidimensional evidence while 

acknowledging the variation in reported outcomes. Given 

the limited number of randomized trials and the 

heterogeneity in populations, interventions, and outcome 

measures, formal meta-analysis and funnel plots were not 

performed; instead, potential publication bias and small-

study effects were considered qualitatively when 

interpreting the strength and consistency of �ndings. 

FPRISMA 2020 �ow diagram illustrating the identi�cation, 

screening, eligibility assessment, and �nal inclusion of 

studies in the systematic review. A total of 466 records 

were identi�ed through database searching, of which 78 

duplicates were removed. After title and abstract 

screening, 83 full-text reports were reviewed, with 59 

excluded for reasons including being reviews, lacking 

relevant outcomes, not primary studies, or non-English 

language. Ultimately, 18 studies met the inclusion criteria 
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and were included in the �nal synthesis (Figure 1).

R E S U L T S

Figure 1: PRISMA 2020 Flow Diagram of Study Selection

A total of 18 primary studies published between 2017 and 

2024 ful�lled the eligibility criteria. These included 

randomized controlled trials, cross-sectional studies, 

observational cohorts, and pilot imaging or interventional 

investigations, each contributing evidence on estrogen-

de�ciency–associated anatomical and dermatologic 

alterations in postmenopausal women. Across the 

randomized trials, consistent improvements were reported 

in vaginal pH, epithelial maturation, lubrication, and 

patient-reported symptoms, particularly dryness and 

dyspareunia, following local estrogen or SERM therapy. 

Dermatology-focused studies demonstrated a high 

frequency of xerosis, pruritus, infectious dermatoses, nail 

fragility, and female-pattern hair loss, con�rming the broad 

cutaneous vulnerability associated with estrogen decline. 

Imaging-based studies using high-frequency ultrasound 

and elastography identi�ed reductions in dermal thickness, 

altered echogenicity, and decreased skin stiffness, 

providing objective con�rmation of estrogen-related 

atrophic changes (Table 1). 

Sr. No. Key FindingsReferences Design n / Age Outcomes / MeasuresMenopause Criteria

1 [10] Phase 3 RCT 764; 40–75 y Postmenopausal
with VVA

VHI, pH, Maturation
Index, MBS Dyspareunia

Low-dose vaginal estradiol soft-gel
provided rapid improvement in VVA

symptoms with minimal systemic
estradiol exposure.

2 [11] RCT, Double-
Blind

550; mid-50s
to 70s

Postmenopausal
with VVA

VHI, pH, MBS Dryness

Twice-weekly microdose estradiol
cream signi�cantly improved vaginal
dryness and clinical signs compared

with placebo.
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Table 2: Anatomical and Dermatologic Manifestations of Estrogen De�ciency in Postmenopausal Women

Following the overview of included studies, the study presents the major phenotypic patterns linked to estrogen de�ciency 

across genital, cutaneous, breast, and adnexal structures. The most consistent observation was progressive dermal 

thinning and loss of elasticity, attributed to diminished collagen, elastin, and �broblast activity. Clinically, this manifested as 

xerosis, pruritus, fragility, and accelerated photoaging. Genitourinary changes were more pronounced and included pale 

vaginal mucosa, loss of rugae, epithelial thinning, introital narrowing, dyspareunia, and reduced lubrication. These �ndings 

re�ect decreased glycogen content, reduced super�cial cell layers, and altered vascularity (Table 2). 
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3 [12] RCT, Double-
Blind 550 Postmenopausal

with VVA
VHI, pH, Dyspareunia

Demonstrated e�cacy and good
tolerability of ultra-low-dose estradiol

cream, especially for dyspareunia.

4 [13] Phase 3 RCT 631; 40–80 y Postmenopausal
with VVA

MBS Dryness, VMI, pH
Oral SERM therapy improved vaginal

dryness and epithelial parameters more
effectively than placebo.

5 [14]
RCT, Post-Hoc

Analyses 715 Postmenopausal
with VVA

Dyspareunia/Dryness
Response Thresholds

Clinically meaningful symptom responses
were observed as early as week 2 and

maintained across treatment.

6 [15] Multicenter
Cross-sectional

430; 30–75 y ≥12 Months
Amenorrhea

GSM Prevalence,
VHI, QoL

An estimated GSM prevalence of 70%
a substantial impact on quality of life.

7 [16] Cross-
sectional

1,231; 45–75 y Postmenopausal Clinically Con�rmed
VVA, Symptom Scoring

VVA prevalence 75%; dryness and
dyspareunia were the most prominent

symptoms.

8 [17] Cross-
sectional

>3,000
Menopause by

History
GSM Prevalence,

Risk Factors

GSM was common; age, menopausal
status, pelvic organ prolapses, and

urinary incontinence were signi�cantly 
ssociated factors.

9 [18] Observational
Cross-sectional

356; ≥45 y Peri/
Postmenopause

Daily Impact,
Symptom Scoring

GSM symptoms signi�cantly impaired
daily functioning and overall well-being.

10 [19] Cross-
sectional

401; 45–75 y Postmenopausal DIVA, QoL
Women with GSM had markedly lower
QoL scores compared with non-GSM

participants.

11 [20] Pilot Clinical 40 Postmenopausal Vestibular epithelial
thickness, trophism

Post-intervention increases in epithelial
thickness and trophism were observed,

indicating potential bene�t.

12 [21] Pilot Imaging 40 Postmenopausal Transvaginal US of
Vaginal Wall

Demonstrated feasibility of measuring
vaginal wall thickness and differentiating

between clinical groups.

13 [8]
Observational

Imaging 118 adults Age-Strati�ed Epidermal/Dermal
Thickness At 8 Sites

Dermal thickness decreased with age in
women; high-frequency US is useful for

menopausal skin evaluation.

14 [22]
Observational

Imaging 600 Adult Cohort
US Thickness and

Echo-Density Maps

Skin thickness and density were
in�uenced by age, sex, and anatomical

region; �ndings relevant for menopausal
assessment.

15 [23] Observational 196 women Menopause
Documented

Breast Skin Thickness
and Stiffness

Menopausal women showed reduced
breast tissue stiffness and altered skin

thickness pro�les.

16 [24]
Cross-sectional

Dermatology 150; mean 61.5 y Natural
Menopause

Full Skin, Hair,
Nail Examination

High burden of xerosis, pruritus, and
infections; established dermatologic

patterns of postmenopause.

17 [25] Cross-
sectional 200 Postmenopausal Cutaneous, Hair,

Nail Changes

Frequently observed xerosis, lichen
sclerosus, and female-pattern hair loss

with multi-site involvement.

18 [26] Cross-
sectional

178; mean 58.8 y Postmenopausal Trichoscopy, Ludwig
Grading

FPHL prevalence was 52%,
with grading

Manifestation Category Speci�c Findings Assessment Tools ReferencesUnderlying Mechanism

Skin thinning and elasticity loss Wrinkles, laxity, ↓ dermal thickness ↓ Collagen I/III, ↓ elastin, ↓ �broblasts High-frequency US,
elastography [22]

Skin dryness and barrier
dysfunction Xerosis, pruritus, rough texture ↓ Sebum, ↓ natural moisturizing

factors, impaired barrier
Clinical exam,
corneometry [23]

Pigmentation changes and
photoaging Hyperpigmentation, lentigines Reduced the antioxidant effect

of estrogen
Clinical exam,
dermoscopy [25]
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Table 3: Therapeutic Interventions and Outcomes in Estrogen-De�ciency Manifestations (2017–2024)

Evidence regarding therapeutic options is summarized, presented after this paragraph. Across RCTs, low-dose vaginal 

estradiol demonstrated rapid and clinically meaningful improvements, with minimal systemic absorption and favorable 

safety pro�les. Ospemifene produced comparable symptom relief but with slightly higher vasomotor side effects. Limited 

pilot studies of fractional CO₂ laser or radiofrequency suggested preliminary bene�t in vestibular epithelial thickness; 

however, small sample sizes, lack of controls, and short follow-up periods restrict �rm conclusions (Table 3). 
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Subcutaneous fat and facial
contour changes Facial fat loss, sagging Estrogen decline → adipocyte

remodeling Clinical exam, imaging [24]

Hair changes (FPHL)
Thinning, reduced density,

widened part
↓ Estrogen → ↑ androgen in�uence,

↓ anagen phase
Trichoscopy,
Ludwig scale [26]

Nail fragility Brittle nails, ridging ↓ Keratin support, ↓ microcirculation Clinical exam [24, 25]

Breast tissue changes Atrophy, ↓ �rmness ↓ Glandular tissue, ↓ collagen US, skin stiffness
device

[23]

Vulvovaginal atrophy (GSM)
Pale mucosa, loss of rugae,

thin epithelium
↓ Glycogen, ↓ super�cial cells,

↓ vascularity VHI, pH, VMI [10, 11]

Dyspareunia Pain during intercourse Epithelial thinning, ↓ lubrication,
microtrauma

VAS, MBS [14, 16]

Vulvar architecture changes Labial thinning, introital narrowing ↓ Collagen & elasticity Clinical exam,
vestibular scoring [20, 21]

Reduced epithelial thickness Fragility, friability ↓ Estrogenic stimulation Transvaginal US,
histology [20, 21]

Pelvic �oor & urinary changes Urinary symptoms, pelvic laxity ↓ Estrogen in urethral & pelvic fascia POP-Q, pelvic exam [17, 18]

Delayed wound healing Slow repair, increased fragility ↓ Growth factors, ↓ angiogenesis Clinical observation [24, 25]

Microvascular changes ↓ Blood �ow, pallor ↓ Endothelial support, ↓ capillary density Doppler, US [8]

References OutcomesPopulation Safety

[6]
Postmenopausal

VVA (40–75 y)
VHI, pH, VMI, MBS

dyspareunia

Low systemic
absorption; mild

Aes

[7] VVA with dryness
as MBS

VHI, pH, MBS
dryness Mild local Aes

[9]
Moderate–

severe dryness
MBS dryness,

VMI, pH

Key Results

Rapid and clinically
meaningful improvement,

early symptom relief

Signi�cant improvement in
dryness & objective signs

Improved dryness &
epithelial maturation

More hot �ushes;
acceptable overall

[10] Postmenopausal
VVA

Intervention Duration

Vaginal estradiol
soft-gel 4–10 µg 12 weeks

Estradiol 0.003%
cream twice weekly

Comparator

Placebo

Placebo 12 weeks

Ospemifene 60
mg oral Placebo 12 weeks

Vaginal estradiol
soft-gel Placebo 12 weeks

Response
thresholds, VHI, pH

Symptom relief by week 2,
sustained response Low systemic E2

[16] Postmenopausal
GSM

Fractional CO₂
laser / Radio

frequency / Topical
estrogen

None
(within-study
comparison)

Short-
term

Epithelial
thickness, trophism,

symptoms

Increased epithelial
thickness; early symptom

improvement

No serious
Aes; transient

discomfort

AEs: adverse events; E2: estradiol; GSM: genitourinary syndrome of menopause; MBS: Most Bothersome Symptom; VHI: Vaginal Health 
Index; VMI: Vaginal Maturation Index.

The methodological quality of included studies is summarized, which follows this paragraph to maintain proper sequencing. 

Most RCTs demonstrated low risk of bias across assessed domains. Observational studies showed mixed quality, with some 

rated moderate risk due to sampling limitations and incomplete adjustment for confounders. One pilot interventional study 

demonstrated a high risk due to the absence of randomization and short follow-up (Table 4). 

Table 4: Risk of Bias Assessment for Included Primary Studies (2017–2024)

Sr. No. Design Tool Used Key Domains EvaluatedReferences Score / Judgment Overall Risk
of Bias

1 [10] RCT Cochrane RoB-2
Randomization, Deviations, Missing

Data, Outcomes, Reporting All domains are low risk Low

2 [11] RCT Cochrane RoB-2
Randomization, Deviations, Missing

Data, Outcomes, Reporting All domains are low risk Low

3 [12] RCT Cochrane RoB-2
Randomization, Deviations, Missing

Data, Outcomes, Reporting All domains are low risk Low

4 [13] RCT Cochrane RoB-2
Randomization, Deviations, Missing

Data, Outcomes, Reporting All domains are low risk Low

5 [14]
RCT (Post-Hoc

Analysis) Cochrane RoB-2
Randomization, Analytic Deviations,

and Reporting Some concerns (post-hoc) Some
Concerns
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D I S C U S S I O N

This review highlights that estrogen de�ciency in 

postmenopausal women is associated with consistent 

anatomical and dermatologic alterations, including vaginal 

epithelial thinning, elevated pH, dryness, dyspareunia, and 

cutaneous atrophy. These �ndings represent associations 

rather than established causation, but the repeated 

patterns across the included studies strengthen their 

clinical relevance. Imaging-based evidence further 

supports these associations. For example, Bosio et al. 

demonstrated reproducible measurements of vaginal wall 

thickness using transvaginal ultrasound [27], while Wang 

et al. provided histology-based percentile data on vaginal 

mucosa thickness [22]. These methods offer objective 

markers for detecting atrophic changes, although their 

integration into routine practice requires broader 

validation. The symptomatic burden observed in this 

review aligns with global and regional data on Genitourinary 

Syndrome of Menopause (GSM). Mahmoudian et al. in Ismail 

and Bibi, reported high frequencies of dryness, irritation, 

and sexual discomfort in Pakistan, paralleling the multi-

country �ndings summarized here [28, 29]. These 

similarities across diverse healthcare systems suggest 

that GSM remains under-recognized and undertreated, 

potentially due to cultural taboos, limited awareness, and 

restricted access to menopause-focused services [30]. 

Evidence from randomized trials indicates that ultra-low-

dose vaginal estradiol and selective estrogen receptor 

modulators (SERMs) improve vaginal hydration, epithelial 

maturation, and dyspareunia [31, 12]. These �ndings are 

consistent with recent mechanistic work. For example, 

Srinivasan et al. showed that low-dose estradiol can modify 

the vaginal microbiota and metabolome [32]. Additionally, 

Pérez-López et al. also reported improved Lactobacillus 

dominance and reduced vaginal pH following estriol 

therapy [3]. Although these improvements support the 

physiological basis of symptom relief, most trials had short 

follow-up periods, limiting �rm conclusions about long-

term safety and durability. Non-hormonal and device-

based interventions remain an evolving but uncertain area. 

Cruff et al. reported no meaningful superiority of CO₂ laser 

therapy over sham treatment [33], and Mension et al. 

demonstrated similar �ndings in breast cancer survivors 

[34]. Seganfredo et al. reported improvements with CO₂ 

laser, radiofrequency, and promestriene [35], although the 

mixed-modality design limits interpretation. As such, 

energy-based treatments appear promising but remain 

investigational, with insu�cient placebo-controlled 

evidence to support routine clinical use. Cutaneous and 

adnexal manifestations, including xerosis, pruritus, 

reduced dermal elasticity, brittle nails, and female-pattern 

hair loss, were consistently noted in dermatology-focused 

studies [24-26]. High-frequency ultrasound �ndings by 

Czajkowska et al. demonstrated reductions in dermal 

thickness and collagen echogenicity [36], while Pagac et al. 

s h owe d  d i s t i n c t  fa c i a l  m i c r o b i o m e  p a t te r n s  i n 

postmenopausal women [37]. These results reinforce the 

broader systemic involvement of estrogen-de�cient 

tissues, though the observational nature of most 

dermatologic studies limits causal interpretation. 

Potential publication bias cannot be excluded, particularly 

for device-based interventions and industry-supported 

hormonal trials. A funnel plot was not feasible due to the 

absence of meta-analysis and the small number of 

randomized trials. Still, qualitative assessment suggested 

that small, positive trials may be more visible in the 

literature. Narrative sensitivity checks were performed by 

down-weighting high-risk studies, such as Campos et al. 

[20] and considering cohort-speci�c variability (Peru [18], 

Pakistan [19], Italy [16]). These adjustments did not 

materially change the conclusions: evidence supporting 

6 [15] Cross-sectional NOS Selection, Comparability, Outcome 6/9 Moderate

7 [16] Cross-sectional NOS Selection, Comparability, Outcome 6/9 Moderate

8 Cross-sectional NOS Selection, Comparability, Outcome 8/9 Low[17]

9 [18] Cross-sectional NOS Selection, Comparability, Outcome 6/9 Moderate

10 [19] Cross-sectional NOS Selection, Comparability, Outcome 6/9 Moderate

11
Pilot Interventional
(Non-Randomized) NOS Selection, Comparability, Outcome 4/9 High[20]

12 [21] Pilot Imaging NOS

NOS

NOS

NOS

NOS

NOS

Selection, Comparability, Outcome

Selection, Comparability, Outcome

Selection, Comparability, Outcome

Selection, Comparability, Outcome

Selection, Comparability, Outcome

Selection, Comparability, Outcome

5/9 Moderate

17

18

[25]

[26]

Cross-sectional
Dermatology

Cross-sectional Hair

5/9

7/9

Moderate

Low

13 [8] Imaging Observational 7/9 Low

14 [22] Imaging Observational 7/9 Low

15 [23] Observational 6/9 Moderate

16 [24]
Cross-sectional

Dermatology 5/9 Moderate

NOS Selection, Comparability, Outcome
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local estrogen therapy is consistent and robust, whereas 

evidence for device-based therapies remains limited and 

uncertain. Future research should prioritize long-term 

comparative trials, standardized imaging biomarkers, and 

safe non-hormonal alternatives, which may broaden 

treatment accessibility and strengthen con�dence in 

therapeutic decisions.

This review has several limitations. First, restricting 

inclusion to English-language studies may introduce 

language bias.  Second,  many imaging and pi lot 

interventional studies had small sample sizes, such as Ros 

et al. and Campos et al. Third, several cross-sectional 

cohorts lacked multivariable adjustment, increasing the 

potential for selection bias. Fourth, follow-up durations in 

interventional studies particularly device-based were 

short, limiting conclusions regarding long-term safety. 

Finally, publication bias could not be formally quanti�ed 

due to the absence of meta-analysis. These limitations 

should be considered when interpreting the strength and 

generalizability of �ndings. Future research should 

prioritize long-term comparative trials, standardized 

imaging biomarkers, and safe non-hormonal alternatives, 

which may broaden treatment accessibility and strengthen 

con�dence in therapeutic decisions.

C O N C L U S I O N S

This review demonstrates that estrogen de�ciency is 
consistently associated with structural and symptomatic 
changes involving the genital tract, skin, and adnexal 
structures in postmenopausal women. Across controlled 
trials, local estrogen therapy remains the most effective 
�rst-line option, providing improvements in epithelial 
maturation, lubrication, dyspareunia, and overall symptom 
burden. Device-based therapies are emerging, but current 
evidence is insu�cient to support their routine use, 
particularly in the absence of robust placebo-controlled 
trials. Understanding menopause-related tissue changes 
as a multisystem process underscores the need for timely 
assessment, individualized management, and sensitive, 
culturally informed counselling. 
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