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Glicogeno + - - →+ + ++ -

pH 4/5 7 7→5 4/5 3,5/4,5 6/7

Presenza 
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Sterile, o con 
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scarsa mista lattobacilli misto

LA COMPOSIZIONE DEL MICROBIOTA VAGINALE CAMBIA 
DRASTICAMENTE NEL TEMPO, CONDIZIONATO DAI VARI LIVELLI DI 

ESTROGENI DURANTE LA VITA



Lattobacilli

La riduzione dei Lattobacilli favorisce la proliferazione dei patogeni

Germi potenzialmente 
patogeni, alloctoni o 

autoctoni



La vaginosi batterica (VB) è caratterizzata da:
1.alterazione della flora batterica vaginale (“ecosistema vaginale”), con ridotta

concentrazione dei diversi ceppi di Lactobacillus produttori di acido lattico e H2O2,
che contribuiscono a mantenere basso il pH vaginale, difendendo l’ecosistema vaginale
da germi patogeni. In condizioni fisiologiche i lattobacilli rappresentano la quota
maggiore dell’intera popolazione di batteri, che è composta di più di 40 ceppi diversi;

2.aumento dei germi Gram negativi e dei batteri anaerobi. Di solito il rapporto tra
lattobacilli e anaerobi varia tra 2:1 fino a 5:1 in condizioni fisiologiche. Tale rapporto si
inverte, fino a raggiungere l’1:100, fino all’1:1000, a favore quindi degli anaerobi, con il
ridursi dei lattobacilli e il progressivo aumento del pH vaginale.

Concetto chiave: la vaginosi è caratterizzata da un’alterazione solo numerica,
quantitativa e non qualitativa, dei diversi tipi di microrganismi presenti nell’ecosistema
vaginale.
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duration of these trials varied in length from 3 weeks10,14 to 52
weeks19-22 and evaluated vaginal rings,13,15,17,18,25 vaginal
creams and gels,22,23,26-29,32,33 vaginal tablets,11,16,19-21 soft-
gel capsules,30 vaginal pessaries,10,14 and ovules.12

All studies showed superiority of vaginal estrogen products
when compared with placebo in objective endpoints such as
maturation of the vaginal epithelium and reduction of vaginal
pH. Some of the studies demonstrated superiority over pla-
cebo for the symptoms of dyspareunia,11,24,27,30-33 vaginal
dryness,11,12,17,27,30-32 and alleviation of urogenital symptoms
including reduced urinary urgency and decreased incidence of
cystitis.10,14 Onset of action for a subjective efficacy endpoint
was reported as early as 2 weeks.30

Most of the clinical trials reported no significant safety
findings. Overall, there were 35 cases of vaginal bleeding
(0.75%)13,17,22 and 34 cases of vulvovaginal mycotic infec-
tion (0.73%)32,33 reported in the vaginal estrogen group.
None of the trials identified reported use of a progestogen
to provide endometrial protection. Endometrial hyperplasia
was reported in 3 out of 4,678 women (0.06%) among those
using vaginal estrogen versus no cases of hyperplasia
reported in women using placebo (n! 3,100).10,21 One case
of endometrial cancer was reported in a woman using vaginal
estrogen tablets (10 mg).20 None of the studies identified
provided safety information for a period longer than
52 weeks.

Comparison of vaginal estrogen formulations and doses
Fifteen trials compared a vaginal estrogen product versus

another vaginal estrogen product (n! 1,442) (Table 2). Stud-
ies were performed between 197934 and 201549 and varied in
estrogen dosage from 5 mg36 to 1.25 mg.35,44 The duration of
these trials varied in length from 2 weeks34 to a 52-week
clinical trial.38 Overall, despite the variations in dosage and
types of products, there were no significant clinical differ-
ences in terms of efficacy for objective or subjective outcomes
between the vaginal estrogen products compared. Out of the
total 1,442 participants in these studies, there was a lower
adverse event incidence of vaginal bleeding in the estrogen
ring group (n! 554) (1.44%) as compared with vaginal tablet-
treated participants (n! 365) (3.29%). Both the vaginal ring
group and the vaginal tablet group had lower incidence of
vaginal bleeding compared with cream-treated participants
(n! 391) (8.18%). Although the vaginal formulations varied
in dosage and systemic absorption no major differences in
terms of endometrial safety were noted. There was a single
case of hyperplasia (1/554; 0.07% of participants in all
studies) in the vaginal ring group.

Comparison of vaginal estrogen versus nonhormone
interventions

The five studies included in Table 3 examined the effects
of vaginal estrogen (n! 216) compared with the use of

Estrogen vs Placebo n = 24

Estrogen vs Estrogen n = 15

Estrogen vs Nonhormone Agents n = 5

Local Estrogen vs Systemic Estrogen n = 3

Estrogen vs Estriol n = 6

Full-text articles assessed and 
included      n = 53

Articles excluded due to lack of 
subjective or objective clinical 
data 

n = 50

Articles accessed in full 
and reviewed 

n = 103

Literature search of databases yielded 
references                

n = 2,086

Studies excluded based on review 
of Title and or abstract 

n = 1,983

FIG. 1. Flowchart of search criteria and methodology to determine articles for inclusion or exclusion to systematic review.
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REVIEW ARTICLE

A systematic review of the efficacy and safety of vaginal estrogen
products for the treatment of genitourinary syndrome of menopause

Colton Biehl, BS, Olivia Plotsker, and Sebastian Mirkin, MD

Abstract
Objective: We updated a systematic review to evaluate the totality of evidence available for the efficacy and

safety of vaginal estrogen products for the treatment of genitourinary syndrome of menopause (GSM) based on
published randomized controlled trials.

Methods: We searched the Cochrane Library, Ovid, PubMed, Medline, Embase, and Clinicaltrials.gov for
English-language articles from database inception to June 2018. Our search consolidated 2,086 potential sources to
53 full-text articles that were reviewed and found relevant to our systematic review.

Results: We identified 53 studies that met the inclusion criteria that evaluated the efficacy and safety of vaginal
estrogen versus placebo or other hormone and nonhormone controls. Compared with placebo, all vaginal estrogens
demonstrated superiority in objective endpoints and subjective endpoints of GSM, whereas some trials demon-
strated superiority versus placebo in urogenital symptoms. No significant difference was observed between various
dosages and dosage forms of vaginal estrogen products. Vaginal estrogen showed superiority over vaginal lubricants
and moisturizers for the improvement of objective clinical endpoints of vulvovaginal atrophy but not for subjective
endpoints. Unopposed vaginal estrogens seemed safe, although studies were not powered to detect a long-term
estrogenic side effect.

Conclusion: Estrogen products were found to be clinically effective for the treatment of GSM with doses as low
as 4 mg. Vaginal estrogen products seem to be safe with few adverse effects, although there is a lack of long-term
controlled clinical trial safety data. This review supports the use of commercially available vaginal estrogen
therapies as an effective and safe first-line therapy for the treatment of moderate-to-severe GSM.

Key Words: Conjugated equine estrogens – Dyspareunia – Estradiol – Estriol – Estrogen therapy –
Estrogen – Genitourinary syndrome of menopause – Imvexxy – Systematic review – Vaginal atrophy –
Vaginal estrogen.

G enitourinary syndrome of menopause (GSM) is a
constellation of physical changes and symptoms,
including vulvovaginal dryness, burning, or irrita-

tion; dyspareunia; and urinary symptoms of urgency, dysuria,
or recurrent urinary tract infection (UTI) associated with
estrogen deficiency.1 The reduced amount of estrogens asso-
ciated with menopause induces histological changes in the
genitals and urinary tract, resulting in a loss of vaginal
elasticity and an increase in vaginal pH. The change in vaginal
pH is believed to be caused by changes in the composition of
the vaginal microbiota, especially a decrease in the presence
of Lactobacillus species, among other factors.2

A survey has shown that GSM can occur in almost half of
postmenopausal women with almost two-thirds of women
experiencing moderate-to-severe symptoms.3 Symptoms
associated with GSM can interfere with even the most routine
acts of daily life, such as work, or women’s ability to be
physically active. The EMPOWER survey found that up to
80% of women with GSM symptoms reported that these GSM
symptoms had a negative impact on their quality of life, with
40% to 68% considering it to have negative consequences on
their sex life, with decreased sexual satisfaction and fre-
quency.4 The most recent Hormone Therapy Position State-
ment of The North American Menopause Society (NAMS)
recommends low-dose vaginal estrogen therapy (ET) for
those women with GSM who do not respond satisfactorily
to nonhormone interventions.5 As vaginal estrogen has been
the gold standard for treatment of GSM, several dosage forms
of vaginal estrogen products (creams, tablets, softgel capsu-
les, and rings) currently exist in the US market. Moreover,
multiple generic versions of some branded products have been
recently approved for commercialization. Despite the fre-
quent occurrence of GSM, a low prevalence of vaginal
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vaginale trattate con gel contenente estriolo (0,05 mg) e 53 trattate 
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Table 1. Characteristics of study subjects, by case and control
status.

Characteristic

Case
women

(n p 269)

Control
women

(n p 194)

Age, mean years (!SD) 68 ! 6 67 ! 6

Ethnicity

White 92 90

Black 3 3

Hispanic 1 1

Asian or Pacific Islander 2 6

American Indian or Alaskan Native 2 1

College graduate or higher 29 31

Income 1$50,000/year 15 19

Lifetime UTIs, mean ! SD 13 ! 19 3 ! 4

First UTI at age !18 years 6 5

Ever pregnant 97 94

Ever had urinary system surgery 20 15

HRT use during previous year 57 51

Had diabetes mellitus 10 5

Accidental urine leakage !1 time weekly 66 34

Sexually active during previous year 53 42

NOTE. Data are percentage of subjects, except where noted. HRT, hor-
mone replacement therapy; UTI, urinary tract infection.

Figure 1. The prevalence of organisms in the vaginal flora of post-
menopausal women with (cases) and without (controls) a history of recent
urinary tract infection is shown. Escherichia coli and enterococci were
significantly more prevalent in case women. HRT, hormone replacement
therapy.

pletely asymptomatic and had not taken antibiotics for at least
4 weeks. During the clinic visit, we collected urine specimens
and swabs of the vaginal introitus for culture. Women who
made these visits constituted the sample for our analysis. Our

main outcomes of interest were the rates and determinants of

vaginal colonization by E. coli and lactobacilli. All procedures

used in this study were approved by the Human Subjects Com-

mittees of the University of Washington and Group Health.

A culture of the vaginal introitus was obtained with a cotton

swab and transported to the laboratory in Amies transport me-

dium (Becton Dickinson). Semiquantitative cultures for aerobic

gram-negative rods, cocci, and lactobacilli were done using stan-

dard laboratory methods [6, 7]. Results were categorized semi-

quantitatively as 0 (no growth), 1+ (colonies in the first streak

zone), 2+ (1–50 colonies in the second streak zone), 3+ (con-

fluence in the second streak zone or 1–10 colonies in the third

streak zone), and 4+ (110 colonies in the third streak zone).

We first characterized the participants by their UTI status

and then evaluated factors that were independently associated

with our main outcomes of interest—vaginal colonization by

E. coli and lactobacilli. Data were analyzed using SPSS (version

10.0.5; SPSS). Risk factors that were potentially associated with

E. coli and lactobacillus vaginal colonization were examined by

using odds ratios and 95% confidence intervals (CIs), according

to standard methods [8]. All variables that were univariately

associated ( ) with the vaginal organism of interest wereP " .2
included in the multivariate model.

Results. Of the 899 case and 911 control subjects who par-
ticipated in interviews, 463 women (269 case and 194 control
subjects) made a clinic visit and were eligible for our analyses.
Women who agreed to make a clinic visit were similar to women
who did not make a visit, with regard to mean age, race, income
levels, history of UTI, presence of diabetes mellitus, and sexual
activity. Case women who made a visit were more likely than
case women who did not make a visit to have used hormone
replacement therapy (HRT) during the preceding year (57% vs.
45%, respectively) and to have postgraduate education (64% vs.
55%, respectively). The subgroup of case and control women
included in the study were comparable to each other with regard
to mean age, ethnicity, education and income level, parity, prior
genitourinary surgery, and occurrence of a UTI at age !18 years
(table 1). The proportions of women with a diagnosis of diabetes
mellitus, use of HRT, or being sexually active during the previous
year were also similar between case and control subjects. Case
women were more likely to report incontinence, defined as ac-
cidental leakage of urine, !1 time per week on average, compared
with control subjects.

The prevalence of vaginal colonization with lactobacilli, E.
coli, enterococci, other gram-negative and -positive bacteria,
and yeast are shown in figure 1. The overall prevalence of
lactobacilli in any quantity was similar in case and control
subjects (62% and 61%, respectively). Heavy growth of lac-
tobacilli, defined as 110 colonies in the third streak when plated
on agar, was also similar in case and control subjects (48% and
45%, respectively). The prevalence of vaginal E. coli was 39%
overall and was significantly increased in case subjects (44%)
versus control subjects (32%) ( ). Enterococci were like-P p .01
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Prevalence and Determinants
of Vaginal Flora Alterations
in Postmenopausal Women

Wendy L. Pabich,1 Stephan D. Fihn,2,3 Walter E. Stamm,2 Delia Scholes,5

Edward J. Boyko,2,4 Kalpana Gupta2
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University of Washington, 3Northwest Health Services Research
and Development Program, and 4Epidemiologic Research and Information
Center, VA Puget Sound, and 5Center for Health Studies, Group Health
Cooperative of Puget Sound, Seattle, Washington

The vaginal ecology of 463 community-dwelling postmeno-
pausal women was characterized. Vaginal lactobacilli were
present in 62% of the women and were significantly more
prevalent among women receiving hormone replacement
therapy during the previous year. Vaginal Escherichia coli and
enterococci were each present in 39% of women and were
significantly more frequent in women with a history of uri-
nary tract infection. Heavy growth of lactobacilli was asso-
ciated with a lower frequency of vaginal colonization with
E. coli. Thus, postmenopausal women have a relative deple-
tion of vaginal lactobacilli and an increase in vaginal E. coli
compared with premenopausal women.

Urinary tract infections (UTIs) affect 17 million women per
year in the United States and cost the health care industry 1$1
billion annually [1]. The incidence of UTI increases markedly
in older women, but the pathogenic mechanisms and epide-
miology of UTI in noninstitutionalized older women have been
little studied. Although it has long been recognized that the
colonization of the vaginal introitus by uropathogens is a crit-
ical event preceding UTI, the mechanisms that facilitate this
disturbance of the vaginal ecology remain elusive, especially
among essentially healthy, community-dwelling, postmenopau-
sal women. We have recently demonstrated that the propensity
for vaginal colonization with Escherichia coli, the organism that
most commonly causes UTI, is increased in premenopausal
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women who do not have lactobacillus-dominant vaginal flora,
specifically H2O2-producing lactobacilli [2]. This issue has not
been assessed in postmenopausal women, yet it is particularly
relevant, because this population of women is at high risk for
E. coli vaginal colonization and UTI and is less likely to be
responsive to preventive measures such as antimicrobial pro-
phylaxis [3, 4]. For this reason, we conducted a study aimed
at characterizing the vaginal microbiology of community-dwell-
ing postmenopausal women with and without recent UTI.

Subjects and methods. The study population consisted of
women who were enrolled in a larger population-based, case-
control, interview study of epidemiological risk factors asso-
ciated with UTI in community-dwelling postmenopausal wo-
men and who, in addition, volunteered to make a clinic visit
[5]. The study was conducted at Group Health Cooperative, a
mixed-model nonprofit health maintenance organization in
Washington state. Women aged 55–75 years who had been
members of Group Health for at least 1 year and had an ICD-
9 diagnosis of acute UTI and a urine culture positive for !105

cfu/mL of a uropathogen within the previous month were el-
igible to be case patients. Each month, computerized laboratory
files were reviewed to identify possible cases. The medical re-
cords of potential cases were reviewed to confirm the presence
of symptoms compatible with a diagnosis of acute cystitis, in-
cluding dysuria, frequency, or urgency for "2 weeks. Women
were excluded if their index culture was obtained during treat-
ment for a previously diagnosed UTI or if they had had asymp-
tomatic bacteriuria within the past year. Control patients were
randomly selected age-matched enrollees of Group Health
without an ICD-9 diagnosis of acute UTI or a urine culture
with !105 cfu/mL of a uropathogen in the preceding month.

Potentially eligible case and control patients were mailed a
letter describing the study and then contacted by telephone
after permission was obtained from their primary care physi-
cians. After a description of study procedures, verbal informed
consent was obtained from those subjects willing to participate.
Women were excluded if they had a severe medical disability
that might interfere with voiding, dementia, severe psychiatric
disease, known anatomic abnormalities of the urinary tract, a
urinary drainage appliance in place, end-stage renal disease, or
active cancer or if they lived in a nursing home. Eligible and
willing participants then underwent a detailed phone interview
regarding their UTI history and covariates of interest. After the
interview, all subjects were invited to attend a voluntary clinic
visit for additional studies. These visits were conducted after
resolution of the cases’ index UTI; thus, all women were com-

 at Edinburgh U
niversity on June 25, 2012

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

1054 • JID 2003:188 (1 October) • BRIEF REPORT

B R I E F R E P O R T

Prevalence and Determinants
of Vaginal Flora Alterations
in Postmenopausal Women

Wendy L. Pabich,1 Stephan D. Fihn,2,3 Walter E. Stamm,2 Delia Scholes,5

Edward J. Boyko,2,4 Kalpana Gupta2

1University of Washington School of Medicine, 2Department of Medicine,
University of Washington, 3Northwest Health Services Research
and Development Program, and 4Epidemiologic Research and Information
Center, VA Puget Sound, and 5Center for Health Studies, Group Health
Cooperative of Puget Sound, Seattle, Washington

The vaginal ecology of 463 community-dwelling postmeno-
pausal women was characterized. Vaginal lactobacilli were
present in 62% of the women and were significantly more
prevalent among women receiving hormone replacement
therapy during the previous year. Vaginal Escherichia coli and
enterococci were each present in 39% of women and were
significantly more frequent in women with a history of uri-
nary tract infection. Heavy growth of lactobacilli was asso-
ciated with a lower frequency of vaginal colonization with
E. coli. Thus, postmenopausal women have a relative deple-
tion of vaginal lactobacilli and an increase in vaginal E. coli
compared with premenopausal women.

Urinary tract infections (UTIs) affect 17 million women per
year in the United States and cost the health care industry 1$1
billion annually [1]. The incidence of UTI increases markedly
in older women, but the pathogenic mechanisms and epide-
miology of UTI in noninstitutionalized older women have been
little studied. Although it has long been recognized that the
colonization of the vaginal introitus by uropathogens is a crit-
ical event preceding UTI, the mechanisms that facilitate this
disturbance of the vaginal ecology remain elusive, especially
among essentially healthy, community-dwelling, postmenopau-
sal women. We have recently demonstrated that the propensity
for vaginal colonization with Escherichia coli, the organism that
most commonly causes UTI, is increased in premenopausal

Received 12 February 2003; accepted 11 April 2003; electronically published 23 September
2003.

Financial support: National Institutes of Health (K23-DK-02660, RO1-DK-43134, and PO1-
DK-53369).

Reprints or correspondence: Dr. Kalpana Gupta, 1959 NE Pacific St., BB1221, Box 356523,
Seattle, WA 98195 (kalg@u.washington.edu).

The Journal of Infectious Diseases 2003; 188:1054–8
! 2003 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2003/18807-0017$15.00

women who do not have lactobacillus-dominant vaginal flora,
specifically H2O2-producing lactobacilli [2]. This issue has not
been assessed in postmenopausal women, yet it is particularly
relevant, because this population of women is at high risk for
E. coli vaginal colonization and UTI and is less likely to be
responsive to preventive measures such as antimicrobial pro-
phylaxis [3, 4]. For this reason, we conducted a study aimed
at characterizing the vaginal microbiology of community-dwell-
ing postmenopausal women with and without recent UTI.

Subjects and methods. The study population consisted of
women who were enrolled in a larger population-based, case-
control, interview study of epidemiological risk factors asso-
ciated with UTI in community-dwelling postmenopausal wo-
men and who, in addition, volunteered to make a clinic visit
[5]. The study was conducted at Group Health Cooperative, a
mixed-model nonprofit health maintenance organization in
Washington state. Women aged 55–75 years who had been
members of Group Health for at least 1 year and had an ICD-
9 diagnosis of acute UTI and a urine culture positive for !105

cfu/mL of a uropathogen within the previous month were el-
igible to be case patients. Each month, computerized laboratory
files were reviewed to identify possible cases. The medical re-
cords of potential cases were reviewed to confirm the presence
of symptoms compatible with a diagnosis of acute cystitis, in-
cluding dysuria, frequency, or urgency for "2 weeks. Women
were excluded if their index culture was obtained during treat-
ment for a previously diagnosed UTI or if they had had asymp-
tomatic bacteriuria within the past year. Control patients were
randomly selected age-matched enrollees of Group Health
without an ICD-9 diagnosis of acute UTI or a urine culture
with !105 cfu/mL of a uropathogen in the preceding month.

Potentially eligible case and control patients were mailed a
letter describing the study and then contacted by telephone
after permission was obtained from their primary care physi-
cians. After a description of study procedures, verbal informed
consent was obtained from those subjects willing to participate.
Women were excluded if they had a severe medical disability
that might interfere with voiding, dementia, severe psychiatric
disease, known anatomic abnormalities of the urinary tract, a
urinary drainage appliance in place, end-stage renal disease, or
active cancer or if they lived in a nursing home. Eligible and
willing participants then underwent a detailed phone interview
regarding their UTI history and covariates of interest. After the
interview, all subjects were invited to attend a voluntary clinic
visit for additional studies. These visits were conducted after
resolution of the cases’ index UTI; thus, all women were com-

 at Edinburgh U
niversity on June 25, 2012

http://jid.oxfordjournals.org/
D

ow
nloaded from

 



Efficacy of Vaginal Estradiol or Vaginal Moisturizer vs Placebo
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Riduzione pH da >5 a <5 Aum. cell. sup. da>5 a <5

Estradiolo 46%* 57%*

Idratante 9% 11%

Placebo 10% 11%

* p>0.01

Gli effetti della terapia estrogenica su pH e indice di maturazione 
sono significativamente superiori al placebo e all’idratante
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long-term safety of hormonal products, and prefer to use non-
hormonal products.!! Vaginal moisturizers such as Replens,
containing mucoadhesives such as polycarbophil to extend

benefit from intermittent dosing,"# have been evaluated in
small, open-label studies using the same dosing strategy as in
our trial. Two studies, including $ randomized crossover trial

Table 2. Most Bothersome Symptom (MBS) Severity Over 4 and 12 Weeks of Treatment for 302 Postmenopausal Women

Parameter

Vaginal Estradiol
Tablet + Placebo Gel

Vaginal Moisturizer
+ Placebo Tablet Dual Placebo

Difference

Estradiol vs Placebo Moisturizer vs Placebo

No. Mean (95% CI) No. Mean (95% CI) No. Mean (95% CI) Mean (95% CI) P Valuea Mean (95% CI) P Valuea

MBS severityb

Baseline 99 2.4 (2.3 to 2.6) 100 2.5 (2.3 to 2.6) 99 2.5 (2.4 to 2.6) 0.0 (!0.2 to 0.1)

.25

0.0 (!0.2 to 0.2)

.31

Week 4
minus
baseline

97 !1.2 (!1.4 to !1.0) 97 !1.0 (!1.2 to !0.8) 97 !1.1 (!1.3 to !0.9) !0.2 (!0.5 to 0.1) 0.1 (!0.2 to 0.4)

Week 12
minus
baseline

96 !1.4 (!1.6 to !1.2) 99 !1.2 (!1.4 to !1.0) 95 !1.3 (!1.5 to !1.1) !0.1 (!0.4 to 0.2) 0.2 (!0.1 to 0.4)

Vaginal
Symptom
Indexc

Baseline 102 1.6 (1.5 to 1.7) 100 1.6 (1.5 to 1.7) 100 1.6 (1.5 to 1.7) 0.1 (!0.1 to 0.2)

.99

0.0 (!0.1 to 0.2)

.05

Week 4
minus
baseline

100 !0.7 (!0.8 to !0.5) 97 !0.5 (!0.7 to !0.4) 98 !0.6 (!0.8 to !0.5) 0.0 (!0.2 to 0.2) 0.1 (!0.1 to 0.3)

Week 12
minus
baseline

99 !0.9 (!1.1 to !0.8) 99 !0.7 (!0.9 to !0.6) 96 !0.9 (!1.0 to !0.7) !0.1 (!0.3 to 0.1) 0.1 (!0.1 to 0.3)

Pain with
penetrationd

Baseline 75 2.5 (2.3 to 2.6) 84 2.5 (2.4 to 2.6) 87 2.5 (2.4 to 2.6) !0.1 (!0.2 to 0.1)

.21

!0.1 (!0.2 to 0.1)

.08

Week 4
minus
baseline

74 !1.4 (!1.7 to !1.2) 81 !1.0 (!1.3 to !0.8) 85 !1.2 (!1.4 to !0.9) !0.3 (!0.6 to 0.1) 0.1 (!0.2 to 0.5)

Week 12
minus
baseline

73 !1.5 (!1.7 to !1.2) 83 !1.1 (!1.4 to !0.9) 83 !1.5 (!1.8 to !1.3) 0.1 (!0.3 to 0.4) 0.4 (0.1 to 0.7)

Drynessd

Baseline 89 2.3 (2.2 to 2.4) 81 2.4 (2.3 to 2.5) 78 2.4 (2.3 to 2.6) !0.1 (!0.3 to 0.0)

.95

!0.1 (!0.2 to 0.1)

.36

Week 4
minus
baseline

87 !1.1 (!1.3 to !0.9) 78 !1.0 (!1.2 to !0.8) 76 !1.2 (!1.4 to !1.0) 0.2 (!0.1 to 0.5) 0.2 (!0.1 to 0.5)

Week 12
minus
baseline

86 !1.4 (!1.6 to !1.2) 80 !1.3 (!1.5 to !1.1) 74 !1.4 (!1.6 to !1.2) 0.0 (!0.3 to 0.3) 0.1 (!0.2 to 0.4)

a P values from comparison of each treatment vs placebo in a
repeated-measures linear model of outcome as a function of randomization
assignment, baseline value of the outcome measure, visit week (categorical),
and clinical site.

b Participants scored vulvovaginal itch, pain, dryness, irritation, or pain with

penetration on a scale from none (0) to severe (3) and identified 1 of these as
their MBS for the trial outcome.

c Vaginal Symptom Index = mean severity score of 5 vulvovaginal symptoms.
d Among participants with a moderate or severe score at baseline.

Table 1. Baseline Characteristics of Trial Participantsa (continued)

Characteristic
Vaginal Estradiol
(n = 102)

Vaginal Moisturizer
(n = 100)

Dual Placebo
(n = 100)

Most bothersome symptom, No. (%)

Vulvar and/or vaginal itching 10 (10) 4 (4) 6 (6)

Vulvar and/or vaginal pain 5 (5) 7 (7) 2 (2)

Vaginal dryness 23 (23) 17 (17) 23 (23)

Vulvar and/or vaginal irritation 7 (7) 4 (4) 8 (8)

Pain with vaginal penetration 54 (53) 68 (68) 60 (60)

Self-reported health, No. (%)

Excellent 26 (26) 27 (27) 20 (20)

Very good 41 (40) 55 (55) 47 (47)

Good 33 (32) 15 (15) 30 (30)

Fair/poor 1 (1) 3 (3) 3 (3)

Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).
a Women were randomized 1:1:1 to

vaginal estradiol 10-!cg
tablet + placebo gel,
over-the-counter vaginal
moisturizer + placebo tablet, or
placebo tablet + placebo gel. There
were no significant differences in
demographic characteristics
between groups.
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between change in MBS severity and
vaginal microbiota composition, Lacto-
bacillus dominance, soluble immune
markers, VMI, or vaginal !uid metabo-
lites. The lack of correlation between our
measured biomarkers and participants’
subjective report of symptoms suggested
that the markers we measured were
either not part of the causal pathway for
postmenopausal vaginal discomfort or
that sample heterogeneity was too great
to detect a signal.

Results
Our previous cross-sectional analysis of
women enrolled in a trial assessing
therapies for hot !ashes demonstrated
little association between microbiota
and the presence of vulvovaginal symp-
toms at baseline,12 but Lactobacillus
dominance was more common in
women whose vulvovaginal symptoms
improved during the course of that
trial.13 However, the prevalence and

severity of vulvovaginal symptoms were
low in those participants. Hummelen
et al14 demonstrated an association be-
tween a nonelactobacillus-dominant
vaginal community and examiner-rated
vaginal dryness but did not discuss
patient-rated symptom severity. In our
current study, women with no change or
minimal changes in MBS severity were
just as likely as women with maximum
change in MBS severity to have a Lacto-
bacillus-dominant microbiota at the end
of the trial. The treatment arm was
signi"cantly associated with changes in
the microbiota, whereas symptom
improvement was not.
The "nding that the treatment armwas

associated with changes in microbiota
and metabolome over time aligned with
"ndings from other studies that have
shown that estrogen therapy (both sys-
temic, with or without progestin, and
local) has an impact on the vaginal
microbiome.15e17 This is consistent with

data from both culture-based and
sequencing-based studies showing that
after the menopausal transition, many
women lose Lactobacillus dominance of
the vaginal microbiota.15,18,19 However,
between 20% and 50% of post-
menopausal women will have a Lactoba-
cillus-dominant microbiota.14,16e18

Other studies have shown a concor-
dance between improvement in symp-
toms and decrease in pH (which is likely
a proxy for the presence and abundance
of lactobacilli).4,20,21 In the SMART-3
study of oral-conjugated estrogen and
bazedoxifene for vulvovaginal discom-
fort, vaginal pH was more strongly
associated with Menopause-Speci"c
Quality of Life (MENQOL) sexual
function scores than either super"cial
cell or parabasal cell proportion in the
VMI.4 In the REJOICE trial, a random-
ized trial of intravaginal estrogen vs
placebo, change in pH was strongly
correlated with changes in the

FIGURE 1
Baseline vaginal bacterial communities in responders and nonresponders
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Relative abundance of the top 30 taxa shown from enrollment vaginal 16S rRNA sequencing. Bacterial taxa less than 1% abundance were categorized in
the “other” group. Responders (n!60) were defined as women who had a "2-point decrease in MBS severity over 12 weeks of treatment, and
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BACKGROUND: Half of all postmenopausal women report symptoms
of vulvar, vaginal, or urinary discomfort with substantial impact on sexual
function and quality of life; underlying mechanisms leading to symptoms
are poorly understood.
OBJECTIVE: To examine the possibility that the vaginal microbiota and/
or mucosal immune response contributes to the severity of bothersome
vaginal symptoms, we conducted a substudy of samples from a ran-
domized trial of vaginal treatment for genitourinary syndrome of meno-
pause to compare these features between women whose symptoms
improved and women whose symptoms did not improve.
STUDY DESIGN: This is a secondary analysis of samples collected in a
12-week randomized trial of treatment with vaginal estradiol or moisturizer vs
placebo for moderate-severe postmenopausal symptoms of vaginal discom-
fort. We randomly selected 20 women in each arm with!2-point decrease in
most bothersome symptom severity (responders) and 20 matched controls
with "1-point decrease (nonresponders). At 0, 4, and 12 weeks, we char-
acterized vaginal microbiota (16S ribosomal RNA gene sequencing), vaginal
fluid metabolites (broad-based metabolomic profiling), vaginal fluidesoluble
immune markers (Meso Scale Discovery), pH, and vaginal maturation index.
We compared responders with nonresponders at baseline and across all visits
using linear mixed models to evaluate associations with microbiota, metabo-
lites, and immunemarkers, incorporating visit and participant-specific random
effects while controlling for treatment arm.

RESULTS: Here, the mean age of women was 61 years (n#120),
and most women (92%) were White. At enrollment, no significant
differences were observed between responders and nonresponders
in age, most bothersome symptom type or severity, microbiota
composition or diversity, Lactobacillus dominance, metabolome, or
immune markers. There was a significant decrease in diversity of
the vaginal microbiota in both responders and nonresponders
(P<.001) over 12 weeks. Although this change did not differ by
responder status, diversity was associated with treatment arm: more
women in the estradiol arm (63%) had Lactobacillus-dominant, lower
diversity bacterial communities than women in the moisturizer (35%)
or dual placebo (23%) arms (P#.001) at 12 weeks. The metab-
olome, vaginal maturation index, and measured immune markers
were not associated with responder status over the 12 weeks but
varied by treatment arm.
CONCLUSION: Postmenopausal vaginal symptom severity was not
significantly associated with vaginal microbiota or mucosal inflammatory
markers in this small study. Women receiving vaginal estradiol experi-
enced greater abundance of lactobacilli and lower vaginal pH at end of
treatment.

Key words: genitourinary syndrome of menopause, menopause,
vaginal estradiol, vaginal microbiome, vaginal moisturizer

Introduction
Almost half of postmenopausal women
report bothersome symptoms of vulvar,
vaginal, or urinary discomfort collec-
tively referred to as genitourinary syn-
drome of menopause (GSM),1,2 which
are associated with negative impacts on
sexual function and quality of life.3,4

Although all women experience a pro-
found decrease in circulating estrogen
after menopause, not all women

experience GSM. The pathophysiology
underlying symptoms is not well un-
derstood, although it is presumed to be
related to the loss of circulating estrogen.
However, the absence of symptoms in
some postmenopausal women, and ef!-
cacy of some nonhormonal therapies in
relieving symptoms suggests that there
may be additional factors modifying the
risk of GSM.
In the Menopause Strategies: Finding

Lasting Answers for Symptoms and
Health (MsFLASH) Vaginal Health Trial,
postmenopausal women with moderate-
severe vulvovaginal discomfort were
randomized to vaginal estradiol tablet
(plus placebo gel), vaginal moisturizing
gel (plus placebo tablet), or dual placebo
for 12 weeks.5 Although women who
received estrogen had greater changes in

vaginal pH and in the vaginal maturation
index (VMI), women in all 3 treatment
arms had comparable improvement in
vulvovaginal discomfort over the course
of the trial. In addition, a recent meta-
analysis concluded that treatment with
vaginal estrogen was associated with
greater improvement in physical !nd-
ings of GSM, but not greater improve-
ments in vulvovaginal symptoms, than
treatment with nonhormonal therapies.6

If symptoms are not because of lack of
estrogen, what other mechanistic path-
ways may be involved?

Possible contributing causes of
symptoms include the vaginal micro-
biota or mucosal in"ammation. In our
trial, although mean improvement in
women’s most bothersome symptom
(MBS) did not signi!cantly vary by
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FIGURE 2
Association between microbial communities and responder status

A, b-diversity represented by principal coordinates analysis plots. Each dot represents the bacterial community in a single participant, and data are
shown across 3 time points; baseline, week 4, and week 12. Axes are the coordinates of maximal variability in the multivariate data with PC1 and PC2
explaining 16.81% and 9.87% of the variation, respectively. The bacterial community was similar between responders (58 and 58 at weeks 4 and 12,
respectively) and nonresponders throughout the trial (60 and 59 at weeks 4 and 12). B, Responders had a higher median Shannon index (a-diversity) at
enrollment than nonresponders (P!.03). C, There was no statistically significant difference in the proportion of women with Lactobacillus dominance
between responders and nonresponders at any visit. D, The Shannon index decreased significantly throughout the trial, especially in the estrogen and
moisturizer arms, but was not associated with responder status. Responders were defined as women who had a"2-point decrease in MBS severity over
12 weeks of treatment, and nonresponders were defined as women who had #1-point decrease in MBS severity over 12 weeks of treatment.
MBS, most bothersome symptom.
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BACKGROUND: Half of all postmenopausal women report symptoms
of vulvar, vaginal, or urinary discomfort with substantial impact on sexual
function and quality of life; underlying mechanisms leading to symptoms
are poorly understood.
OBJECTIVE: To examine the possibility that the vaginal microbiota and/
or mucosal immune response contributes to the severity of bothersome
vaginal symptoms, we conducted a substudy of samples from a ran-
domized trial of vaginal treatment for genitourinary syndrome of meno-
pause to compare these features between women whose symptoms
improved and women whose symptoms did not improve.
STUDY DESIGN: This is a secondary analysis of samples collected in a
12-week randomized trial of treatment with vaginal estradiol or moisturizer vs
placebo for moderate-severe postmenopausal symptoms of vaginal discom-
fort. We randomly selected 20 women in each arm with!2-point decrease in
most bothersome symptom severity (responders) and 20 matched controls
with "1-point decrease (nonresponders). At 0, 4, and 12 weeks, we char-
acterized vaginal microbiota (16S ribosomal RNA gene sequencing), vaginal
fluid metabolites (broad-based metabolomic profiling), vaginal fluidesoluble
immune markers (Meso Scale Discovery), pH, and vaginal maturation index.
We compared responders with nonresponders at baseline and across all visits
using linear mixed models to evaluate associations with microbiota, metabo-
lites, and immunemarkers, incorporating visit and participant-specific random
effects while controlling for treatment arm.

RESULTS: Here, the mean age of women was 61 years (n#120),
and most women (92%) were White. At enrollment, no significant
differences were observed between responders and nonresponders
in age, most bothersome symptom type or severity, microbiota
composition or diversity, Lactobacillus dominance, metabolome, or
immune markers. There was a significant decrease in diversity of
the vaginal microbiota in both responders and nonresponders
(P<.001) over 12 weeks. Although this change did not differ by
responder status, diversity was associated with treatment arm: more
women in the estradiol arm (63%) had Lactobacillus-dominant, lower
diversity bacterial communities than women in the moisturizer (35%)
or dual placebo (23%) arms (P#.001) at 12 weeks. The metab-
olome, vaginal maturation index, and measured immune markers
were not associated with responder status over the 12 weeks but
varied by treatment arm.
CONCLUSION: Postmenopausal vaginal symptom severity was not
significantly associated with vaginal microbiota or mucosal inflammatory
markers in this small study. Women receiving vaginal estradiol experi-
enced greater abundance of lactobacilli and lower vaginal pH at end of
treatment.
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vaginal, or urinary discomfort collec-
tively referred to as genitourinary syn-
drome of menopause (GSM),1,2 which
are associated with negative impacts on
sexual function and quality of life.3,4

Although all women experience a pro-
found decrease in circulating estrogen
after menopause, not all women

experience GSM. The pathophysiology
underlying symptoms is not well un-
derstood, although it is presumed to be
related to the loss of circulating estrogen.
However, the absence of symptoms in
some postmenopausal women, and ef!-
cacy of some nonhormonal therapies in
relieving symptoms suggests that there
may be additional factors modifying the
risk of GSM.
In the Menopause Strategies: Finding

Lasting Answers for Symptoms and
Health (MsFLASH) Vaginal Health Trial,
postmenopausal women with moderate-
severe vulvovaginal discomfort were
randomized to vaginal estradiol tablet
(plus placebo gel), vaginal moisturizing
gel (plus placebo tablet), or dual placebo
for 12 weeks.5 Although women who
received estrogen had greater changes in

vaginal pH and in the vaginal maturation
index (VMI), women in all 3 treatment
arms had comparable improvement in
vulvovaginal discomfort over the course
of the trial. In addition, a recent meta-
analysis concluded that treatment with
vaginal estrogen was associated with
greater improvement in physical !nd-
ings of GSM, but not greater improve-
ments in vulvovaginal symptoms, than
treatment with nonhormonal therapies.6

If symptoms are not because of lack of
estrogen, what other mechanistic path-
ways may be involved?

Possible contributing causes of
symptoms include the vaginal micro-
biota or mucosal in"ammation. In our
trial, although mean improvement in
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(MBS) did not signi!cantly vary by
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appearance of the vaginal mucosa and
weakly correlated with severity of
symptoms at the end of the trial,
although the analysis was not adjusted
for treatment arm.21 In our study,
women with maximal changes in MBS
severity were not more likely to have a
lower pH than women with no or min-
imal change in MBS severity, but women
randomized to the estradiol arm had
signi!cantly lower pH than those in the
other arms. Our data, which showed that
the change in pH and improvement in
symptom severity are correlated with the
estrogen treatment arm but not in the
nonhormonal treatment arms, suggested
that estrogen improves symptoms and
leads to changes in the microbiota that
lower the pH, but these 2 things may not
be mechanistically linked.

The lack of signi!cant association be-
tween soluble chemokines and cytokines
and symptom severity or responder status
aligns with 2 previous cross-sectional
studies that also found no association
between symptom severity and cytokine
concentrations.22,23 Of note, these studies
and our own included small numbers of
participants and may be underpowered.
Limited data exist about soluble vaginal
immune markers in postmenopausal
women, although some studies show al-
terations compared with premenopausal
women.24,25 We chose our cytokine panel
to cover many different types of immune
signaling; however, we did not !nd any
signi!cant associations with symptom
severity or responder status, with the
exception of a negative association be-
tween symptoms and IL-1a and IL-1b.
This is the inverse of what we might
expect if super!cial in"ammation were
associated with symptom severity, as the
IL-1 family of cytokines are key medi-
ators of in"ammation. However,
symptom severity may be related to
deeper features of the vaginal micro-
environment not measured with su-
per!cial samples like a cervicovaginal
lavage, such as mucosal vascularization
or elasticity. Of note, in responders,
cytokines from both pro- and anti-
in"ammatory pathways increased over
12 weeks, which could indicate an
overall improvement in the health and
integrity of the genital tract mucosa.

Clinical implications
In aggregate, these data demonstrated an
association among hormonal status,
vaginal microbiota, and vaginal micro-
environment; however, the data suggested
that vaginal symptoms have an additional
underlying pathophysiology that is not
clearly understood. For clinicians, this
means that vaginal estrogen treatment
alone may not be suf!cient to relieve
symptoms of vaginal discomfort in all
postmenopausal women. In addition, this
suggested that interventions targeted at
changing the postmenopausal microbiota
or pH were unlikely to alter symptom
severity for most women.

Research implications
Our data demonstrated a lack of under-
standing in the !eld about the underlying
cause of postmenopausal vaginal
discomfort. Additional studies are needed
to identify what factors, beyond a drop in
the circulating serum estrogen levels,
contribute to onset of postmenopausal
vaginal symptoms and what local inter-
vention characteristics are associated with

symptom improvement. Tissue biopsies
to evaluate changes in vasculature,
collagen, local immune cells, and nerve
density may provide important insight
into contributing pathways.

Strengths and limitations
For this analysis, we selected a subset of
women from our trial, chosen to have
both the best quality data (adherent to
medications and follow-up, with no co-
occurring infections) and to be at the
extremes of symptom change in each
study arm, to provide the best chance of
detecting differences in biological
markers. The placebo gel was chosen to
have minimal impact on vaginal bacteria
or mucosal in"ammatory markers, but it
had high lubricity consistent with
properties of a lubricant and was asso-
ciated with an improvement in symp-
toms. We had insuf!cient numbers to
study a single MBS. The relatively small
number of women from each treatment
arm, along with the heterogeneity of the
vaginal microbial communities in post-
menopausal women and possible

FIGURE 3
Association between vaginal fluid immune markers and vulvovaginal
symptom severity

Regression coefficientsestandard error of linear mixed models evaluating associations (negative or
positive) of the concentration of soluble vaginal immune markers at all time points with vulvovaginal
symptom severity. A negative correlation means that with higher symptom severity, marker con-
centration is lower.
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BACKGROUND: Half of all postmenopausal women report symptoms
of vulvar, vaginal, or urinary discomfort with substantial impact on sexual
function and quality of life; underlying mechanisms leading to symptoms
are poorly understood.
OBJECTIVE: To examine the possibility that the vaginal microbiota and/
or mucosal immune response contributes to the severity of bothersome
vaginal symptoms, we conducted a substudy of samples from a ran-
domized trial of vaginal treatment for genitourinary syndrome of meno-
pause to compare these features between women whose symptoms
improved and women whose symptoms did not improve.
STUDY DESIGN: This is a secondary analysis of samples collected in a
12-week randomized trial of treatment with vaginal estradiol or moisturizer vs
placebo for moderate-severe postmenopausal symptoms of vaginal discom-
fort. We randomly selected 20 women in each arm with!2-point decrease in
most bothersome symptom severity (responders) and 20 matched controls
with "1-point decrease (nonresponders). At 0, 4, and 12 weeks, we char-
acterized vaginal microbiota (16S ribosomal RNA gene sequencing), vaginal
fluid metabolites (broad-based metabolomic profiling), vaginal fluidesoluble
immune markers (Meso Scale Discovery), pH, and vaginal maturation index.
We compared responders with nonresponders at baseline and across all visits
using linear mixed models to evaluate associations with microbiota, metabo-
lites, and immunemarkers, incorporating visit and participant-specific random
effects while controlling for treatment arm.

RESULTS: Here, the mean age of women was 61 years (n#120),
and most women (92%) were White. At enrollment, no significant
differences were observed between responders and nonresponders
in age, most bothersome symptom type or severity, microbiota
composition or diversity, Lactobacillus dominance, metabolome, or
immune markers. There was a significant decrease in diversity of
the vaginal microbiota in both responders and nonresponders
(P<.001) over 12 weeks. Although this change did not differ by
responder status, diversity was associated with treatment arm: more
women in the estradiol arm (63%) had Lactobacillus-dominant, lower
diversity bacterial communities than women in the moisturizer (35%)
or dual placebo (23%) arms (P#.001) at 12 weeks. The metab-
olome, vaginal maturation index, and measured immune markers
were not associated with responder status over the 12 weeks but
varied by treatment arm.
CONCLUSION: Postmenopausal vaginal symptom severity was not
significantly associated with vaginal microbiota or mucosal inflammatory
markers in this small study. Women receiving vaginal estradiol experi-
enced greater abundance of lactobacilli and lower vaginal pH at end of
treatment.
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Almost half of postmenopausal women
report bothersome symptoms of vulvar,
vaginal, or urinary discomfort collec-
tively referred to as genitourinary syn-
drome of menopause (GSM),1,2 which
are associated with negative impacts on
sexual function and quality of life.3,4

Although all women experience a pro-
found decrease in circulating estrogen
after menopause, not all women

experience GSM. The pathophysiology
underlying symptoms is not well un-
derstood, although it is presumed to be
related to the loss of circulating estrogen.
However, the absence of symptoms in
some postmenopausal women, and ef!-
cacy of some nonhormonal therapies in
relieving symptoms suggests that there
may be additional factors modifying the
risk of GSM.
In the Menopause Strategies: Finding

Lasting Answers for Symptoms and
Health (MsFLASH) Vaginal Health Trial,
postmenopausal women with moderate-
severe vulvovaginal discomfort were
randomized to vaginal estradiol tablet
(plus placebo gel), vaginal moisturizing
gel (plus placebo tablet), or dual placebo
for 12 weeks.5 Although women who
received estrogen had greater changes in

vaginal pH and in the vaginal maturation
index (VMI), women in all 3 treatment
arms had comparable improvement in
vulvovaginal discomfort over the course
of the trial. In addition, a recent meta-
analysis concluded that treatment with
vaginal estrogen was associated with
greater improvement in physical !nd-
ings of GSM, but not greater improve-
ments in vulvovaginal symptoms, than
treatment with nonhormonal therapies.6

If symptoms are not because of lack of
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appearance of the vaginal mucosa and
weakly correlated with severity of
symptoms at the end of the trial,
although the analysis was not adjusted
for treatment arm.21 In our study,
women with maximal changes in MBS
severity were not more likely to have a
lower pH than women with no or min-
imal change in MBS severity, but women
randomized to the estradiol arm had
signi!cantly lower pH than those in the
other arms. Our data, which showed that
the change in pH and improvement in
symptom severity are correlated with the
estrogen treatment arm but not in the
nonhormonal treatment arms, suggested
that estrogen improves symptoms and
leads to changes in the microbiota that
lower the pH, but these 2 things may not
be mechanistically linked.

The lack of signi!cant association be-
tween soluble chemokines and cytokines
and symptom severity or responder status
aligns with 2 previous cross-sectional
studies that also found no association
between symptom severity and cytokine
concentrations.22,23 Of note, these studies
and our own included small numbers of
participants and may be underpowered.
Limited data exist about soluble vaginal
immune markers in postmenopausal
women, although some studies show al-
terations compared with premenopausal
women.24,25 We chose our cytokine panel
to cover many different types of immune
signaling; however, we did not !nd any
signi!cant associations with symptom
severity or responder status, with the
exception of a negative association be-
tween symptoms and IL-1a and IL-1b.
This is the inverse of what we might
expect if super!cial in"ammation were
associated with symptom severity, as the
IL-1 family of cytokines are key medi-
ators of in"ammation. However,
symptom severity may be related to
deeper features of the vaginal micro-
environment not measured with su-
per!cial samples like a cervicovaginal
lavage, such as mucosal vascularization
or elasticity. Of note, in responders,
cytokines from both pro- and anti-
in"ammatory pathways increased over
12 weeks, which could indicate an
overall improvement in the health and
integrity of the genital tract mucosa.

Clinical implications
In aggregate, these data demonstrated an
association among hormonal status,
vaginal microbiota, and vaginal micro-
environment; however, the data suggested
that vaginal symptoms have an additional
underlying pathophysiology that is not
clearly understood. For clinicians, this
means that vaginal estrogen treatment
alone may not be suf!cient to relieve
symptoms of vaginal discomfort in all
postmenopausal women. In addition, this
suggested that interventions targeted at
changing the postmenopausal microbiota
or pH were unlikely to alter symptom
severity for most women.

Research implications
Our data demonstrated a lack of under-
standing in the !eld about the underlying
cause of postmenopausal vaginal
discomfort. Additional studies are needed
to identify what factors, beyond a drop in
the circulating serum estrogen levels,
contribute to onset of postmenopausal
vaginal symptoms and what local inter-
vention characteristics are associated with

symptom improvement. Tissue biopsies
to evaluate changes in vasculature,
collagen, local immune cells, and nerve
density may provide important insight
into contributing pathways.

Strengths and limitations
For this analysis, we selected a subset of
women from our trial, chosen to have
both the best quality data (adherent to
medications and follow-up, with no co-
occurring infections) and to be at the
extremes of symptom change in each
study arm, to provide the best chance of
detecting differences in biological
markers. The placebo gel was chosen to
have minimal impact on vaginal bacteria
or mucosal in"ammatory markers, but it
had high lubricity consistent with
properties of a lubricant and was asso-
ciated with an improvement in symp-
toms. We had insuf!cient numbers to
study a single MBS. The relatively small
number of women from each treatment
arm, along with the heterogeneity of the
vaginal microbial communities in post-
menopausal women and possible

FIGURE 3
Association between vaginal fluid immune markers and vulvovaginal
symptom severity

Regression coefficientsestandard error of linear mixed models evaluating associations (negative or
positive) of the concentration of soluble vaginal immune markers at all time points with vulvovaginal
symptom severity. A negative correlation means that with higher symptom severity, marker con-
centration is lower.
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Association between postmenopausal vulvovaginal
discomfort, vaginal microbiota, and mucosal
inflammation
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BACKGROUND: Half of all postmenopausal women report symptoms
of vulvar, vaginal, or urinary discomfort with substantial impact on sexual
function and quality of life; underlying mechanisms leading to symptoms
are poorly understood.
OBJECTIVE: To examine the possibility that the vaginal microbiota and/
or mucosal immune response contributes to the severity of bothersome
vaginal symptoms, we conducted a substudy of samples from a ran-
domized trial of vaginal treatment for genitourinary syndrome of meno-
pause to compare these features between women whose symptoms
improved and women whose symptoms did not improve.
STUDY DESIGN: This is a secondary analysis of samples collected in a
12-week randomized trial of treatment with vaginal estradiol or moisturizer vs
placebo for moderate-severe postmenopausal symptoms of vaginal discom-
fort. We randomly selected 20 women in each arm with!2-point decrease in
most bothersome symptom severity (responders) and 20 matched controls
with "1-point decrease (nonresponders). At 0, 4, and 12 weeks, we char-
acterized vaginal microbiota (16S ribosomal RNA gene sequencing), vaginal
fluid metabolites (broad-based metabolomic profiling), vaginal fluidesoluble
immune markers (Meso Scale Discovery), pH, and vaginal maturation index.
We compared responders with nonresponders at baseline and across all visits
using linear mixed models to evaluate associations with microbiota, metabo-
lites, and immunemarkers, incorporating visit and participant-specific random
effects while controlling for treatment arm.

RESULTS: Here, the mean age of women was 61 years (n#120),
and most women (92%) were White. At enrollment, no significant
differences were observed between responders and nonresponders
in age, most bothersome symptom type or severity, microbiota
composition or diversity, Lactobacillus dominance, metabolome, or
immune markers. There was a significant decrease in diversity of
the vaginal microbiota in both responders and nonresponders
(P<.001) over 12 weeks. Although this change did not differ by
responder status, diversity was associated with treatment arm: more
women in the estradiol arm (63%) had Lactobacillus-dominant, lower
diversity bacterial communities than women in the moisturizer (35%)
or dual placebo (23%) arms (P#.001) at 12 weeks. The metab-
olome, vaginal maturation index, and measured immune markers
were not associated with responder status over the 12 weeks but
varied by treatment arm.
CONCLUSION: Postmenopausal vaginal symptom severity was not
significantly associated with vaginal microbiota or mucosal inflammatory
markers in this small study. Women receiving vaginal estradiol experi-
enced greater abundance of lactobacilli and lower vaginal pH at end of
treatment.

Key words: genitourinary syndrome of menopause, menopause,
vaginal estradiol, vaginal microbiome, vaginal moisturizer

Introduction
Almost half of postmenopausal women
report bothersome symptoms of vulvar,
vaginal, or urinary discomfort collec-
tively referred to as genitourinary syn-
drome of menopause (GSM),1,2 which
are associated with negative impacts on
sexual function and quality of life.3,4

Although all women experience a pro-
found decrease in circulating estrogen
after menopause, not all women

experience GSM. The pathophysiology
underlying symptoms is not well un-
derstood, although it is presumed to be
related to the loss of circulating estrogen.
However, the absence of symptoms in
some postmenopausal women, and ef!-
cacy of some nonhormonal therapies in
relieving symptoms suggests that there
may be additional factors modifying the
risk of GSM.
In the Menopause Strategies: Finding

Lasting Answers for Symptoms and
Health (MsFLASH) Vaginal Health Trial,
postmenopausal women with moderate-
severe vulvovaginal discomfort were
randomized to vaginal estradiol tablet
(plus placebo gel), vaginal moisturizing
gel (plus placebo tablet), or dual placebo
for 12 weeks.5 Although women who
received estrogen had greater changes in

vaginal pH and in the vaginal maturation
index (VMI), women in all 3 treatment
arms had comparable improvement in
vulvovaginal discomfort over the course
of the trial. In addition, a recent meta-
analysis concluded that treatment with
vaginal estrogen was associated with
greater improvement in physical !nd-
ings of GSM, but not greater improve-
ments in vulvovaginal symptoms, than
treatment with nonhormonal therapies.6

If symptoms are not because of lack of
estrogen, what other mechanistic path-
ways may be involved?

Possible contributing causes of
symptoms include the vaginal micro-
biota or mucosal in"ammation. In our
trial, although mean improvement in
women’s most bothersome symptom
(MBS) did not signi!cantly vary by
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FIGURE 2
Association between microbial communities and responder status

A, b-diversity represented by principal coordinates analysis plots. Each dot represents the bacterial community in a single participant, and data are
shown across 3 time points; baseline, week 4, and week 12. Axes are the coordinates of maximal variability in the multivariate data with PC1 and PC2
explaining 16.81% and 9.87% of the variation, respectively. The bacterial community was similar between responders (58 and 58 at weeks 4 and 12,
respectively) and nonresponders throughout the trial (60 and 59 at weeks 4 and 12). B, Responders had a higher median Shannon index (a-diversity) at
enrollment than nonresponders (P!.03). C, There was no statistically significant difference in the proportion of women with Lactobacillus dominance
between responders and nonresponders at any visit. D, The Shannon index decreased significantly throughout the trial, especially in the estrogen and
moisturizer arms, but was not associated with responder status. Responders were defined as women who had a"2-point decrease in MBS severity over
12 weeks of treatment, and nonresponders were defined as women who had #1-point decrease in MBS severity over 12 weeks of treatment.
MBS, most bothersome symptom.
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