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IMPORTANCE Nearly half of postmenopausal women report bothersome vulvovaginal
symptoms, but few data support the efficacy of 2 commonly recommended treatments.

OBJECTIVE To compare the efficacy of a low-dose vaginal estradiol tablet and a vaginal
moisturizer, each vs placebo, for treatment of moderate-to-severe postmenopausal
vulvovaginal symptoms.

DESIGN, SETTING, AND PARTICIPANTS This 12-week multicenter randomized clinical trial
enrolled postmenopausal women with moderate to severe symptoms of vulvovaginal itching,
pain, dryness, irritation, or pain with penetration.

INTERVENTIONS Vaginal 10-μg estradiol tablet (daily for 2 weeks, then twice weekly) plus
placebo gel (3 times a week) (n = 102) vs placebo tablet plus vaginal moisturizer (n = 100) vs
dual placebo (n = 100).

MAIN OUTCOMES AND MEASURES The main outcome was decrease in severity (0-3) of most
bothersome symptom (MBS) between enrollment and 12 weeks. Additional measures
included a composite vaginal symptom score, Female Sexual Function Index (FSFI) score
(2-36), modified Female Sexual Distress Score–Revised item 1, treatment satisfaction and
meaningful benefit, Vaginal Maturation Index, and vaginal pH.

RESULTS The 302 women had a mean (SD) age of 61 (4) years and were primarily white (267
[88%]), college educated (200 [66%]), and sexually active (245 [81%]). Most women (294
[97%]) provided data for the primary analysis. The most commonly reported MBS was pain
with vaginal penetration (182 [60%]), followed by vulvovaginal dryness (63 [21%]). Mean
baseline MBS severity was similar between treatment groups: estradiol, 2.4 (95% CI, 2.3 to
2.6); moisturizer, 2.5 (95% CI, 2.3 to 2.6); placebo, 2.5 (95% CI, 2.4 to 2.6). All treatment
groups had similar mean reductions in MBS severity over 12 weeks: estradiol, −1.4 (95% CI,
−1.6 to −1.2); moisturizer, −1.2 (95% CI, −1.4 to −1.0); and placebo, −1.3 (95% CI, −1.5 to −1.1).
No significant differences were seen between estradiol (P = .25) or moisturizer (P = .31)
compared with placebo. Mean total FSFI improvement was similar between estradiol (5.4;
95% CI, 4.0 to 6.9) and placebo (4.5; 95% CI, 2.8 to 6.1) (P = .64), and between moisturizer
(3.1; 95% CI, 1.7 to 4.5) and placebo (P = .17).

CONCLUSIONS AND RELEVANCE Our results suggest that neither prescribed vaginal estradiol
tablet nor over-the-counter vaginal moisturizer provides additional benefit over placebo
vaginal tablet and gel in reducing postmenopausal vulvovaginal symptoms.
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A n estimated 40% to 54% of postmenopausal women re-
port bothersome vulvovaginal symptoms,1-3 includ-
ing vaginal dryness (up to 75%) and pain with inter-

course (40%).2,4,5 In 2014, the North American Menopause
Society coined the term genitourinary syndrome of meno-
pause (GSM) to reflect the multifaceted nature of this preva-
lent problem, replacing genitourinary and vulvovaginal
atrophy.6 Recent evidence shows decrements in quality of life
from moderate to severe vulvovaginal symptoms in women
aged 40 to 75 years comparable to those caused by other
chronic conditions such as arthritis, chronic obstructive pul-
monary disease, and irritable bowel syndrome.1 Yet more than
half of symptomatic women are not using any medication to
treat their symptoms.7,8

Recommendations for treatment of GSM focus primarily
on vaginal products.9,10 However, issues with recommended
vaginal treatments include messiness, expense, safety con-
cerns, and lack of symptom relief.11 In postmenopausal women
with vaginal dryness, itching, pain, or burning, meta-
analyses of randomized trials conclude that vaginal estrogen
cream use reduces symptoms in the majority of women,12,13

but few women use them beyond 6 months.14 Four random-
ized clinical trials have assessed vaginal estrogen tablet effi-
cacy for GSM,15-18 but only 2 industry-sponsored trials have
evaluated the current 10-μcg product.15,17 Although clini-
cians often recommend vaginal moisturizers,7 few studies ex-
ist to support this recommendation.19-21

Surveys of postmenopausal women demonstrate a pref-
erence for effective, nonhormonal therapies, often due to safety
concerns.22 We aimed to evaluate the efficacy of low-risk thera-
pies: vaginal estradiol tablets and a vaginal moisturizer in
women with moderate to severe vulvovaginal symptoms. We
hypothesized that the vaginal estradiol tablet is more effica-
cious than placebo tablet and that a vaginal moisturizer is more
efficacious than placebo gel, in the relief of postmenopausal
vaginal symptoms.

Methods
Study Design
This randomized, double-blind, placebo-controlled 12-week
trial was conducted at 2 centers: Kaiser Permanente Washing-
ton Health Research Institute in Seattle and University of Min-
nesota in Minneapolis. We compared treatment efficacy for
moderate to severe vulvovaginal symptoms between 10-μg
vaginal estradiol tablets, a vaginal moisturizer, and matching
placebos for each. The study was approved by institutional re-
view boards at participating institutions. Participants pro-
vided written informed consent. Enrollment began in April
2016, targets were achieved by February 2017, and final fol-
low-up visits occurred in April 2017.

Patient Selection
Women were recruited through direct mailings and Facebook
ads targeted to women aged 50 to 70 years within 20 miles of
the clinical sites. Inclusion criteria were as follows: age 45 to
70 years, at least 2 years since last menses, report of at least 1

moderate to severe symptom of vulvovaginal itching, pain, ir-
ritation, or dryness experienced at least weekly within the past
30 days; or pain with penetration at least once monthly. Ex-
clusion criteria included current vaginal infection, use of hor-
monal medication in past 2 months, use of antibiotics or vagi-
nal moisturizer in past month, and chronic premenopausal
vulvovaginal symptoms. The study protocol (Supplement 1)
provides additional details of study procedures.

Randomization by permuted blocks of 9 and stratified by
site was conducted via secure web-based database, and imple-
mented by a computerized inventory system for dispensing
identical-appearing tablets in bottles and gel in tubes. Partici-
pants, study personnel, and clinicians were blinded to treat-
ment assignments.

Interventions
Women were randomly assigned 1:1:1 to Vagifem 10-μg tab-
let + placebo vaginal gel, placebo vaginal tablet + Replens vagi-
nal moisturizer, or placebo tablet + placebo gel. The active in-
gredient for tablets is 10.3 μg of estradiol hemihydrate,
equivalent to 10 μg of estradiol. Placebo tablets contained in-
active ingredients identical to Vagifem. The ingredients in Re-
plens are purified water, glycerin, mineral oil, polycarbophil,
carbomer homopolymer type B, hydrogenated palm oil glyc-
eride, sorbic acid, and sodium hydroxide. The placebo was hy-
droxyethylcellulose gel, shown to have minimal effect on vagi-
nal microbiota and inflammation.23,24 Placebo gel varied
slightly from Replens in viscosity, 13 800 centipoise, and pH,
4.5 (Replens, 13 000 centipoise and pH 3.0). Study medica-
tions were formulated and/or packaged by Sharp Clinical Ser-
vices.

Women were instructed to use the vaginal tablet daily for
2 weeks, then twice weekly for the remaining 10 weeks, and
the vaginal moisturizer every 3 days throughout the trial. Dur-
ing the first 2 weeks, participants were advised to use the tab-
let in the morning and gel in the evening. After that, partici-
pants were instructed to use products on alternate days.

Data Collection
Telephone contact at 1, 3, and 11 weeks after randomization as-
sessed protocol adherence and adverse events. Follow-up vis-
its were conducted 4 and 12 weeks after randomization. At each

Key Points
Question Does 12-week treatment with vaginal 10-μg estradiol
tablet or vaginal moisturizer improve postmenopausal
vulvovaginal symptoms more than placebo?

Findings In a randomized clinical trial of 302 postmenopausal
women with moderate-to-severe vulvovaginal symptoms, vaginal
10-μg estradiol tablet plus placebo gel and vaginal moisturizer plus
placebo tablet were not more efficacious than dual placebo at
reducing symptom severity or improving sexual function.

Meaning Shared decision making for treatment of
postmenopausal vulvovaginal symptoms can be based on cost and
patient formulation preference; vaginal estradiol tablets appear
not to add benefit beyond vaginal gel or moisturizer.
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visit, women completed questionnaires and underwent vagi-
nal sample collection for wet mount evaluation, pH measure-
ment, and vaginal maturation index (VMI, a measure of vagi-
nal mucosal cell maturation due to estrogen effects)25 (at
baseline and 12 weeks). At follow-up visits, women were asked
to bring medications; remaining pills were counted and gel
tubes weighed to provide medication adherence estimates.

Measurements
The primary outcome was severity of the most bothersome
symptom (MBS) defined by the participant at trial enrollment
as vulvovaginal itching, pain, dryness, irritation, or pain with
penetration. Severity was rated 0 to 3, signifying none, mild,
moderate, or severe.26 At each visit, women completed a ques-
tionnaire about presence and severity of vulvovaginal symp-
toms.

Prespecified secondary outcomes were composite Vagi-
nal Symptom Index (VSI),15 satisfaction with treatment re-
ceived (Likert scale: 0 = not satisfied to 10 = completely sat-
isfied), meaningful benefit from the study medications (yes or
no), Female Sexual Function Index (FSFI),27 Female Sexual Dis-
tress Scale–Revised Item 1,28 VMI,10,26 and pH.26 Vaginal Symp-
tom Index was the mean severity score of the 5 vulvovaginal
symptoms listed as MBS choices. Post hoc secondary out-
comes were severity of pain with penetration, and vaginal
dryness.29 Additional questionnaires included Menopausal
Quality of Life,30 Generalized Anxiety Disorder 7,31 and Pa-
tient Health Questionnaire 8.32

Adverse events were assessed at each visit by a question-
naire listing symptoms potentially related to active agents (in-
creased vaginal secretions, vaginal itching, breast tender-
ness, vaginal bleeding, vulvovaginal skin rash). Any new
complaints reported at visits or by telephone were evaluated
and classified according to the Medical Dictionary for Regu-
latory Activities.33

Statistical Analysis
Ninety-five women per group provided 89% power to detect
an effect size of 0.5 standard deviation (SD) units change from
baseline to week 12 in MBS severity between intervention group
and placebo,19 based on a t test with a 2-sided α = .025 to ac-
count for 2 treatment group comparisons. The planned en-
rollment of 318 participants allowed for 10% loss to follow-
up. The modified intent-to-treat analysis included all
randomized participants who provided a baseline MBS score
and corresponding vulvovaginal symptom severity at week 4
or 12, regardless of adherence to treatment assignment.

The primary outcome was change in severity of the MBS
between enrollment and weeks 4 and 12. Treatment group dif-
ferences were assessed by repeated-measures linear regres-
sion models of the 4- and 12-week continuous outcome mea-
sures (MBS, VSI, pain with penetration, vaginal dryness, VMI
as percent superficial cells, FSFI) as a function of randomiza-
tion assignment, baseline value of the outcome measure, visit,
and clinical site. Robust standard errors were estimated via gen-
eralized estimating equations to adjust for correlation be-
tween repeated outcome measures. To facilitate compari-
sons, models of MBS severity were reanalyzed among

participants meeting eligibility criteria for previously pub-
lished trials: baseline pH greater than 5 and VMI with no more
than 5% superficial cells.15-17 Additional analysis evaluated in-
tervention effects in models including only women adherent
to treatment, defined as using at least 80% of medication. Two
variables were hypothesized a priori to modify treatment re-
sponse on the primary outcome: age and years since meno-
pause. Tests for interaction between these variables and treat-
ment assignment were performed within the linear regression
models.

Treatment group differences at week 12 in proportions of
women with medication adherence, at least 2-point drop in
MBS severity, at least 50% decrease in MBS severity, vaginal
pH of 5 or less, VMI greater than 5% superficial cells, sexual
distress, and meaningful benefit from study medication use
were assessed via χ2 tests. Adverse events were compared be-
tween treatment groups via Fisher exact tests. Week 12 differ-
ences in treatment satisfaction were evaluated by t tests. Analy-
ses were conducted using SAS, version 9.4 (SAS Institute), with
2-sided P ≤ .025 considered statistically significant for the pri-
mary outcome and P ≤ .05 for secondary outcomes.

Results
Three hundred two women were randomized to receive vagi-
nal estradiol tablet plus placebo gel (n = 102), placebo tablet
plus vaginal moisturizer (n = 100), or dual placebo (n = 100).
Study retention was high: 294 of 302 (97%) women provided
primary analysis data (Figure 1). Most women were between
55 and 64 years old (235 [78%]), white (267 [88%]), and mar-
ried or partnered (257 [85%]). Baseline characteristics were
comparable between treatment groups (Table 1).

A total of 182 (60%) women endorsed MBS as pain with
vaginal penetration, 63 (21%) dryness, 20 (7%) itching, 19 (6%)
irritation, and 14 (5%) pain. Baseline mean (SD) MBS severity
was 2.5 (0.6). The majority of women (245 [81%]) were sexu-
ally active: 202 (67%) with a male partner, 3 (1%) with a fe-
male partner, and 136 (45%) self-stimulation. Baseline me-
dian vaginal pH was 7 (interquartile range, 6.0-7.5). Of 269
(89%) baseline VMI samples with adequate cellularity for analy-
sis, 91% had no more than 5% superficial cells.

At completion, of participants who returned tablets for
counting (263 [87%]) and gel for weighing (259 [86%]), 94%
were tablet adherent and 90% were gel adherent (ie, used >80%
of medication doses). Adherence did not vary significantly
across treatment groups (estradiol tablets, 84 of 102 [82%] vs
placebo tablets, 80 of 100 [80%]; P = .67; vaginal moistur-
izer, 75 of 100 [75%] vs placebo gel, 78 of 100 [78%]; P = .62).

Neither treatment reduced MBS severity between base-
line and 4 or 12 weeks more than placebo (Table 2 and Figure 2).
All groups had a mean 1.2- to 1.4-point decrease from base-
line MBS score by 12 weeks. A decrease of 2 points signifies a
clinically meaningful change from moderate to severe symp-
toms to mild to none. There was no difference between inter-
vention vs placebo groups in proportion of women with a de-
crease of at least 2 points in MBS severity between 0 and 12
weeks (estradiol, 47 [49%] vs placebo, 43 [45%]; P = .61;
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moisturizer, 35 [35%] vs placebo, 43 [47%]; P = .16). Most
women had a decrease of at least 50% in symptom severity (es-
tradiol, 67 [70%] vs placebo, 62 [65%]; P = .50; moisturizer,
53 [54%] vs placebo, 62 [65%]; P = .10). Mean VSI decreased
less than 1 point from a mean of 1.6 in all treatment groups.

A higher proportion of women in the estradiol group had
a pH change from greater than 5 at baseline to 5 or less at week
12 compared with placebo (36 [46%] vs 10 [12%]; P < .001); no
difference was observed between moisturizer and placebo (8
[9%] vs 10 [12%]; P = .60). More women in the estradiol tab-
let group increased VMI superficial cells from 5% or less at base-
line to greater than 5% at week 12 compared with placebo

(45 [57%] vs 8 [11%]; P < .001). The same proportion of women
in the moisturizer and placebo groups had an increase (8 [11%];
P = .95).

Change in FSFI did not significantly vary between treat-
ment groups, either total score or any of the 6 domains
(Table 3). The FSFI domain with the greatest improvement at
12 weeks was Lubrication, increasing by a mean of 1.4 (95% CI,
1.1-1.8) points in the estradiol + placebo gel group, 1.2 (95% CI,
0.8-1.6) points in dual placebo, and 0.9 (95% CI, 0.6-1.3) points
in moisturizer + placebo tablet. Most women were “fre-
quently” or “always” distressed about sex life at enrollment
(Table 1). At 12 weeks, nearly half of women in the estradiol
and placebo groups endorsed “rarely” or “never” distressed
(47 [47%] estradiol, 29 [29%] moisturizer, 41 [43%] placebo;
estradiol vs placebo, P = .50; moisturizer vs placebo, P = .05).
Mean (SD) treatment satisfaction was similar between groups:
8.6 (2.6) for estradiol tablet, 7.7 (3.2) for moisturizer, and 8.1
(3.0) for placebo. More women in the estradiol tablet group re-
ported “meaningful benefit” from treatment than placebo (79
[80%] vs 62 [65%]; P = .02), but no difference was observed
between moisturizer and placebo (57 [58%] vs 62 [65%];
P = .39).

In regression models including only medication-
adherent women, changes in MBS severity and FSFI did not
differ from the intent-to-treat analysis (eTables 1 and 2 in
Supplement 2). In analysis limited to women meeting enroll-
ment criteria for previous trials of pH greater than 5 and no
more than 5% superficial cells on VMI (n = 205), we saw no dif-
ference in results. Neither age nor years since menopause modi-
fied response to estradiol, although women younger than 60
years demonstrated greater MBS improvement with placebo
than with moisturizer (eTable 3 in Supplement 2).

Vaginal candidiasis was diagnosed by microscopy in 5 (5%)
participants randomized to estradiol, 2 (2%) to moisturizer, and
2 (2%) to dual placebo. Two additional women reported a yeast
infection diagnosed elsewhere. Adverse events were not dif-
ferent between the treatment groups (eTable 4 in Supplement
2). Three women randomized to estradiol received a diagno-
sis of cancer (all judged unrelated to study medication): 1 with
lymphoma at 4 weeks withdrew, 1 with breast cancer at 4 weeks
stopped therapy but continued other procedures, and 1 breast
cancer diagnosis was made after study completion.

Discussion
In this randomized clinical trial of 302 women with moderate
to severe postmenopausal vulvovaginal symptoms, no treat-
ment group differences in symptom reduction were ob-
served for vaginal estradiol tablet plus placebo gel vs dual pla-
cebo, or vaginal moisturizer plus placebo tablet vs dual placebo.
The lack of efficacy of the active treatment groups over dual
placebo was similar whether women chose pain with vaginal
penetration, vaginal dryness, or other symptoms as their MBS.
We demonstrated similar improvement in symptoms and
sexual function in all 3 treatment groups.

The North American Menopause Society recommends non-
hormonal vaginal therapies as first-line treatment for GSM,9

Figure 1. Recruitment, Enrollment, Randomization, and Follow-up
of Participants

2627 Telephone screened

925 Eligible for screening

302 Randomized

102 Randomized to
vaginal estradiol
+ placebo gel

100 Randomized to
vaginal moisturizer
+ placebo tablet

100 Randomized to
dual placebo

Baseline
99 With MBS data
3 Missing data

Baseline
100 With MBS data

Primary analysis
97 Participants

Primary analysis
99 Participants

Primary analysis
98 Participants

Baseline
99 With MBS data
1 Missing data

Week 4
97 With MBS data
5 Missing data

Week 4
97 With MBS data
3 Missing data

1702 Excluded
694 Insufficient symptoms

453 Refused

225 Hormone use
185 Medical condition

145 Other

377 Did not return eligibility
materials

548 Returned eligibility materials

246 Excluded
56 Insufficient symptoms

24 Other

23 Medical condition
143 Refused

Week 4
97 With MBS data
1 Withdrew
2 Missing data

Week 12
96 With MBS data
1 Withdrew
1 Lost to follow-up
4 Missing data

Week 12
99 With MBS data
1 Lost to follow-up

Week 12
95 With MBS data
1 Stopped follow-up
1 Withdrew
2 Missing data

MBS indicates most bothersome symptom.
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Table 1. Baseline Characteristics of Trial Participantsa

Characteristic

Vaginal
Estradiol
(n = 102)

Vaginal
Moisturizer
(n = 100)

Dual
Placebo
(n = 100)

Age at screening, mean (SD), y 61 (4) 61 (4) 61 (4)

Race, No. (%)

White 87 (85) 90 (90) 90 (90)

African American 7 (7) 3 (3) 2 (2)

Other/unknown 8 (8) 7 (7) 8 (8)

BMI, mean (SD) 27 (5) 26 (4) 26 (6)

Education, No. (%)

High school diploma/GED or less 2 (2) 3 (3) 6 (6)

School after high school 31 (30) 27 (27) 31 (31)

College graduate 67 (66) 70 (70) 63 (63)

Marital status, No. (%)

Never married 8 (8) 2 (2) 4 (4)

Divorced or widowed 10 (10) 8 (8) 12 (12)

Married or like relationship 83 (81) 90 (90) 84 (84)

Smoking, No. (%)

Never 66 (65) 67 (67) 66 (66)

Past 31 (30) 33 (33) 32 (32)

Current 4 (4) 0 2 (2)

Alcohol use, drinks/wk, No. (%)

0 30 (29) 31 (31) 28 (28)

1-6 50 (49) 46 (46) 53 (53)

≥7 21 (21) 23 (23) 19 (19)

Menopause Quality of Life Questionnaire total,
mean (SD)

3.3 (1.2) 3.2 (1.1) 3.3 (1.0)

Patient Health Questionnaire 8 depression,
No. (%)

None (0-4) 69 (68) 75 (75) 69 (69)

Mild (5-9) 25 (25) 22 (22) 23 (23)

Moderate/severe (≥10) 7 (7) 3 (3) 8 (8)

Generalized Anxiety Disorder Questionnaire 7
anxiety, No. (%)

None (0-4) 64 (63) 75 (75) 64 (64)

Mild (5-9) 25 (25) 21 (21) 24 (24)

Moderate/severe (≥10) 12 (12) 4 (4) 12 (12)

Sexually active, No. (%)

Yes 81 (79) 80 (80) 84 (84)

No 20 (20) 20 (20) 16 (16)

Female Sexual Function Index total, mean (SD) 15.2 (5.9) 15.2 (6.5) 16.1 (6.6)

Female Sexual Distress Scale–Revised, item 1,
distressed about sex life, No. (%)

Never/rarely 15 (15) 12 (12) 18 (18)

Occasionally 33 (32) 33 (33) 33 (33)

Frequently/always 53 (52) 54 (54) 49 (49)

Vaginal pH, No. (%)

≤5 18 (18) 12 (12) 9 (9)

>5 81 (79) 87 (87) 90 (90)

Vaginal maturation index, No. (%)

≤5% Superficial cells 86 (84) 78 (78) 81 (81)

>5% Superficial cells 6 (6) 11 (11) 7 (7)

Missing 10 (10) 11 (11) 12 (12)

(continued)
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while recommendations in Europe support vaginal estrogen
therapy.10 Many women report substantial concerns about the
long-term safety of hormonal products, and prefer to use non-
hormonal products.22 Vaginal moisturizers such as Replens,

containing mucoadhesives such as polycarbophil to extend
benefit from intermittent dosing,34 have been evaluated in
small, open-label studies using the same dosing strategy as in
our trial. Two studies, including 1 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-μcg
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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in breast cancer survivors, demonstrated no significant dif-
ference between placebo and moisturizer products, although
both decreased symptom severity.21,35 A recent study com-
paring dehydroepiandrosterone (DHEA) in a mucoadhesive
base vs base alone demonstrated no difference in symptom im-
provement, but better sexual function in women using DHEA.21

We chose our placebo gel because it was shown not to alter vagi-
nal microbiota or inflammation23,24 and is a formulation with
less mucoadhesive properties than Replens,34 although of simi-
lar viscosity and pH.23 The effectiveness of our placebo in de-
creasing symptom severity suggests that the mucoadhesive
properties lauded by vaginal moisturizer manufacturers may
not be necessary to achieve symptom relief.

Two of 3 randomized clinical trials of low-dose vaginal es-
trogen therapy demonstrated greater decrease in symptom se-
verity vs placebo, although in all trials symptoms diminished
in both groups.17,36,37 Symptom reduction with estradiol tab-
lets in our study was comparable to the existing literature for
vaginal estrogen, newly approved vaginal DHEA, and oral os-
pemifene, a selective estrogen receptor modulator.38,39 Our par-
ticipants using vaginal estradiol tablets had a mean decrease
in symptom severity from baseline of 1.4 points, similar to the
1.2 to 1.3 seen in prior studies of the vaginal tablet,15,17 and the
1.4 points seen with oral ospemifene38 and vaginal DHEA,39

but slightly less than that seen with a softgel formulation (mean
[SD], 1.69 [0.07]).37 While 10 μg is a low dose, 2 studies com-
paring 10- and 25-μg doses did not show a difference in
efficacy.15,37 The differential change in VMI in our estradiol
group demonstrates the biologic effect of estrogen vs pla-
cebo but was not linked to differences in symptom improve-
ment. Overall, the largest difference between our trial and oth-
ers is the magnitude of symptom improvement in our placebo
group. Our placebo was quite different from placebo creams
and tablets used in other trials of vaginal estrogen, and meets
many of the criteria outlined in a recent review as optimal for
vaginal moisturizing products.40

The placebo effect in treatment trials for postmeno-
pausal vaginal symptoms is substantial. In previous trials, pla-
cebo tablets were associated with a mean decrease in symp-
tom severity of 0.8 to 0.87 points,15,17 while placebo softgel was
associated with a mean decrease of 1.28 points in dyspareu-
nia severity.37 In 2 studies of vaginal estrogen cream, dyspa-
reunia severity decreased a mean of 0.7 to 0.9 points in pla-
cebo groups.36,41 The 1.3-point mean symptom severity
decrease in our dual placebo group is larger than other trials’
placebo effects, with the exception of the softgel study
(REJOICE).37 The symptoms chosen as outcomes for trials—
dryness, pain with intercourse, itching, and irritation—are the
most commonly reported vulvovaginal symptoms among post-
menopausal women,3-5 and severity is correlated with sexual
function scores, suggesting that they are relevant patient
outcomes.42 However, the profound placebo response seen in
our trial and others, not linked to changes in pH or VMI, sug-
gests that many factors in addition to the local vaginal envi-
ronment contribute to symptoms.

Many women prescribed vaginal therapy for vulvovagi-
nal symptoms seem unsatisfied with treatment, as continua-
tion rates are low.44 In previous studies, adherence to tablets

was better than vaginal creams.45-47 Other reports suggest that
women prefer tablet formulation to products that increase dis-
charge or are messy, and would be willing to pay more for a
tablet formulation.48 However, medication cost is a substan-
tial barrier for many women, and hormone-based therapies are
expensive. A 1-month supply of vaginal estrogen cream, vagi-
nal estrogen tablets, or newer US Food and Drug Administra-
tion–approved products marketed specifically for dyspareu-
nia (ospemifene and vaginal DHEA) can cost between $82 and
$200,49,50 while Replens costs approximately $20. Our re-
sults suggest that most women can achieve greater than 50%
reduction in symptom severity with regular, consistent use of
a vaginal gel with lubricant properties and do not see added
symptom improvement with vaginal estradiol.

Limitations
To our knowledge, this is the first randomized clinical trial evalu-
ating short-term (12 weeks) efficacy of recommended nonhor-
monal and hormonal vaginal therapies for postmenopausal vul-
vovaginal symptoms, and the only one with a dual placebo arm.
We enrolled a large cohort of women with moderate to severe
symptoms, with excellent participant retention and medication
adherence. While our study was not designed to compare active
interventions head to head, efficacy comparisons of vaginal
estradiol and moisturizer with dual placebo in the same popu-
lation provide insight into the relative benefit of each. The gen-
eralizability of our trial results is limited by the relatively homog-
enous population, despite enrolling at 2 geographically distinct
sitesandusing2recruitmentstrategies. Incontrasttostudieslim-
iting the population to women with high vaginal pH and/or 5%
or less superficial cells,15,17,36,43 we included all postmenopausal
women reporting moderate to severe vulvovaginal symptoms,

Figure 2. Most Bothersome Symptom Severity Score Change
Over 12 Weeks
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Most bothersome symptom severity scores (1 indicates mild; 2, moderate;
3, severe) at 0, 4, and 12 weeks of treatment in women randomized to vaginal
estradiol tablet (10 μg) + placebo gel, vaginal moisturizer + placebo tablet, or
placebo gel + placebo tablet. Women chose vulvovaginal itching, pain, dryness,
irritation, or pain with vaginal penetration as their most bothersome symptom
at enrollment. There was no significant difference in the change from baseline
in severity scores between treatment groups at 4 or 12 weeks (estradiol vs dual
placebo, P = .25; moisturizer vs dual placebo, P = .31).
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making our population more consistent with women presenting
to primary care settings.

Conclusions
Our study demonstrates that a better understanding
of the underlying mechanism of GSM is needed to guide

efforts to improve vaginal treatment options. Many
postmenopausal women with moderate to severe vulvo-
vaginal symptoms can be treated with a nonprescription
vaginal lubricating gel. However, not all gel formulations
may have the same effects, and some women may prefer
nongel formulations. Treatment choice should be based on
indiv idual patient preferences regarding cost and
formulation.

Table 3. Female Sexual Function Index (FSFI) Scores Over 4 and 12 Weeks of Treatment for 302 Postmenopausal Women

FSFI Domaina

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
Valueb Mean (95% CI)

P
Valueb

Total

Baseline 81 15.2 (13.9 to 16.5) 86 15.1 (13.7 to 16.5) 85 16.1 (14.6 to 17.5) −0.8 (−2.8 to 1.1)

.64

−0.9 (−2.9 to 1.1)

.17
Week 4 minus
baseline

62 3.1 (1.5 to 4.7) 73 2.9 (1.7 to 4.1) 73 3.2 (1.8 to 4.7) −0.1 (−2.3 to 2.1) −0.3 (−2.2 to 1.5)

Week 12 minus
baseline

64 5.4 (4.0 to 6.9) 80 3.1 (1.7 to 4.5) 70 4.5 (2.8 to 6.1) 1.0 (−1.2 to 3.2) −1.3 (−3.5 to 0.8)

Desire

Baseline 98 2.4 (2.2 to 2.6) 98 2.4 (2.2 to 2.6) 96 2.5 (2.3 to 2.7) −0.1 (−0.4 to 0.2)

.58

−0.1 (−0.4 to 0.2)

.55
Week 4 minus
baseline

96 0.1 (−0.1 to 0.3) 95 0.2 (0.0 to 0.4) 93 0.2 (0.0 to 0.4) −0.1 (−0.3 to 0.2) 0.0 (−0.3 to 0.2)

Week 12 minus
baseline

94 0.1 (0.0 to 0.3) 97 0.1 (−0.1 to 0.3) 91 0.1 (−0.1 to 0.4) 0.0 (−0.3 to 0.3) 0.0 (−0.3 to 0.3)

Arousal

Baseline 91 2.8 (2.5 to 3.1) 89 2.9 (2.6 to 3.2) 93 2.8 (2.5 to 3.2) 0.0 (−0.5 to 0.4)

.36

0.1 (−0.4 to 0.5)

.13
Week 4 minus
baseline

71 0.3 (0.0 to 0.6) 81 0.4 (0.1 to 0.6) 82 0.4 (0.1 to 0.7) −0.1 (−0.5 to 0.3) 0.0 (−0.4 to 0.3)

Week 12 minus
baseline

74 0.5 (0.2 to 0.8) 86 0.4 (0.1 to 0.7) 79 0.8 (0.4 to 1.1) −0.3 (−0.7 to 0.2) −0.4 (−0.8 to 0.1)

Lubrication

Baseline 89 2.0 (1.7 to 2.2) 89 2.2 (1.9 to 2.4) 92 2.2 (2.0 to 2.5) −0.2 (−0.6 to 0.1)

.54

0.0 (−0.4 to 0.3)

.32
Week 4 minus
baseline

68 0.7 (0.3 to 1.0) 80 0.6 (0.3 to 0.9) 80 0.7 (0.3 to 1.1) 0.0 (−0.5 to 0.5) −0.1 (−0.6 to 0.4)

Week 12 minus
baseline

72 1.4 (1.1 to 1.8) 86 0.9 (0.6 to 1.3) 77 1.2 (0.8 to 1.6) 0.2 (−0.3 to 0.8) −0.2 (−0.8 to 0.3)

Orgasm

Baseline 91 3.1 (2.7 to 3.5) 90 3.2 (2.8 to 3.6) 92 3.1 (2.8 to 3.5) −0.1 (−0.6 to 0.5)

.14

0.0 (−0.5 to 0.6)

.37
Week 4 minus
baseline

71 0.2 (−0.2 to 0.5) 82 0.6 (0.2 to 0.9) 82 0.6 (0.2 to 1.0) −0.5 (−1.0 to 0.1) 0.0 (−0.5 to 0.5)

Week 12 minus
baseline

73 0.6 (0.2 to 0.9) 86 0.6 (0.2 to 0.9) 79 0.8 (0.4 to 1.1) −0.2 (−0.7 to 0.3) −0.2 (−0.7 to 0.3)

Satisfaction

Baseline 86 3.0 (2.6 to 3.3) 88 3.0 (2.7 to 3.3) 89 3.2 (2.9 to 3.5) −0.2 (−0.7 to 0.2)

.29

−0.2 (−0.6 to 0.3)

.29
Week 4 minus
baseline

68 0.6 (0.3 to 0.9) 76 0.4 (0.1 to 0.7) 79 0.5 (0.3 to 0.8) 0.1 (−0.4 to 0.5) −0.1 (−0.5 to 0.3)

Week 12 minus
baseline

71 0.9 (0.6 to 1.3) 82 0.4 (0.1 to 0.7) 76 0.5 (0.2 to 0.8) 0.4 (0.0 to 0.8) −0.1 (−0.5 to 0.3)

Pain

Baseline 90 1.6 (1.3 to 1.9) 90 1.4 (1.2 to 1.7) 93 1.8 (1.5 to 2.1) −0.2 (−0.6 to 0.2)

.47

−0.4 (−0.8 to 0.0)

.76
Week 4 minus
baseline

70 0.8 (0.3 to 1.3) 82 0.9 (0.5 to 1.2) 81 0.6 (0.2 to 1.1) 0.1 (−0.6 to 0.8) 0.2 (−0.3 to 0.8)

Week 12 minus
baseline

73 1.4 (0.9 to 1.8) 86 1.0 (0.7 to 1.4) 79 0.9 (0.5 to 1.4) 0.4 (−0.2 to 1.0) 0.1 (−0.4 to 0.7)

a The FSFI is a 19-item questionnaire with a maximum score of 36, which is
calculated by adding weighted scores of 6 domains. Higher scores are better,
and a score of less than 26 is consistent with sexual dysfunction. Each domain
has a maximum score of 6, calculated by multiplying the total score of all
questions by a domain factor.

b 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.
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Invited Commentary

Rethinking the Approach to Managing Postmenopausal
Vulvovaginal Symptoms
Alison J. Huang, MD, MAS, MPhil; Deborah Grady, MD, MPH

In this issue of JAMA Internal Medicine, Mitchell et al1 pre-
sent the results of a randomized, double-blind, placebo-
controlled, multisite trial of 2 existing, widely used treat-

ments for postmenopausal
vulvovaginal atrophy symp-
toms—a low-dose prescrip-
tion vaginal estradiol tablet

(Vagifem) and an over-the-counter nonhormonal vaginal mois-
turizing gel (Replens). Participants were postmenopausal
women who rated the severity of their vulvovaginal symp-
toms including itching, pain, dryness, irritation, and pain with
vaginal intercourse on a standardized scale. Consistent with
US Food and Drug Administration guidance, the investiga-
tors examined change in severity of participants’ “most both-
ersome symptom” over 4 and 12 weeks as the primary out-
come, along with a variety of secondary symptom-based
outcomes and tissue-specific markers of vulvovaginal atro-
phy.

At first glance, we might not expect a study that reevalu-
ates low doses of low-risk treatments that have already been
studied in clinical trials (albeit with weaknesses) to provide im-
portant new insights to guide clinical care. Conventionally, the
value of a trial that includes multiple active treatment arms is

to compare these treatments directly with each other. In con-
trast, the present study compared each of the active treat-
ments with matching placebo tablet or placebo gel only, for-
going the opportunity to confirm or exclude a reasonable
differential effect between active treatments.

Nevertheless, the investigators argue with some justifica-
tion that this trial still provides an indirect opportunity to as-
sess the relative efficacy of its active treatments. Women in all
treatment arms were selected according to the same eligibil-
ity criteria, were recruited from the same 2 clinical sites, and
underwent uniform outcomes assessment and follow-up pro-
cedures by the same study staff. To date, only very limited prior
studies have attempted the simultaneous study of both vagi-
nal estrogen preparations and nonhormonal vaginal
treatments,2-4 with most being too small to draw definitive con-
clusions and having other limitations such as an open-label de-
sign. A rigorous side-by-side assessment of hormonal and non-
hormonal vaginal treatments arguably has the potential to
provide new insights in clinical care, especially when con-
ducted by investigators without any affiliation with the treat-
ment manufacturers.

Furthermore, this design limitation is less concerning in
light of the study’s striking double-negative finding for both
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