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Objective To evaluate whether locally applied vaginal estrogen affects

and University Hospital of Tulln.

Results Out of 120 women randomised, 103 (86%) remained for
the final analysis. After 6 weeks of treatment the prolapse
domain score did not differ between the estrogen and the
placebo groups (4.4  0.19 versus 4.6  0.19; mean difference,
0.21; 95% CI 0.74 to 0.33; P = 0.445). Multivariate analysis,
including only women receiving the intervention, showed that
none of the confounding factors modified the response to
estradiol.

Population Postmenopausal women with symptomatic pelvic

Conclusions These results demonstrate that preoperative locally

organ prolapse and planned surgical prolapse repair.

applied estrogen does not ameliorate prolapse-associated
symptoms in postmenopausal women with symptomatic pelvic
organ prolapse.

prolapse-associated complaints compared with placebo treatment in
postmenopausal women prior to surgical prolapse repair.
Design Randomised, double-masked, placebo-controlled,

multicentre study.
Setting Urogynaecology unit at the Medical University of Vienna

Methods Women were randomly assigned local estrogen cream or
placebo cream 6 weeks preoperatively.
Main outcome measures The primary outcome was differences in

subjective prolapse-associated complaints after 6 weeks of
treatment prior to surgery, assessed with the comprehensive
German pelvic floor questionnaire. Secondary outcomes included
differences in other pelvic floor-associated complaints (bladder,
bowel or sexual function).

Keywords Local estrogen therapy, pelvic organ prolapse,
postmenopausal women.
Tweetable abstract Preoperative local estrogen does not

ameliorate prolapse-associated symptoms in postmenopausal
women with pelvic organ prolapse.
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Introduction

Methods

Pelvic organ prolapse (POP) represents a major health issue
worldwide, affecting up to 50% of postmenopausal women.
Treatment options for POP include observation, pelvic
floor muscle training, pessary use and surgery. Surgical
solutions considered as ‘one-off’ treatments rather than
nonsurgical treatments seemed to be preferred by women
with POP.1 Surgery for POP currently has a lifetime risk of
11.1%, which is expected to increase in the future.2 The
pelvic organs, as well as the surrounding muscular and
connective tissue, are sensitive to estrogen. The presence of
estradiol receptors a and b (ESR1/2) in the urinary bladder, urethra, vagina and pelvic floor musculature suggest
that estrogen levels have a significant effect on the function
of the genital and lower urinary tract.3 The risk of developing pelvic floor disorders of any kind increases significantly
after menopause and can be connected to the decline in
available estrogen.
For some time, local estrogen therapy (LET) has become
a focus of interest in the treatment of pelvic floor disorders. Although oral hormonal replacement worsens urinary
incontinence, LET seems to have beneficial effects. There is
evidence that LET reduces symptoms of the lower urinary
tract, including frequency, urgency and urinary incontinence.4 Similarly, LET seems to be effective and safe in the
treatment of vaginal atrophy.5–8 Concerning the effectiveness of LET in treating or preventing POP, there is currently no evidence and it is uncertain whether preoperative
and/or postoperative LET in postmenopausal women
undergoing POP surgery is beneficial.9
In an opinion paper the research and development committee of the International Urogynecology Association
(IUGA) summarised that most of the recommendations
concerning LET and vulvovaginal symptoms, as well as urinary incontinence, correspond to evidence level 2C.
Regarding POP, the available evidence is even more scarce,
and at this stage no benefit from LET could be demonstrated.10,11 However, none of the available studies
reported symptoms and signs associated with POP, but
mainly reported symptoms that are associated with vaginal
atrophy.
In summary, there is a need for adequately powered and
randomised controlled trials to investigate the effect of LET
and its impact on prolapse-associated symptoms, in order
to be able to define evidence-based practical guidelines or
recommendations for clinical practice in the future.
Therefore, we conducted a randomised double-masked
placebo-controlled trial to evaluate whether 6 weeks of LET
influences subjective prolapse-associated complaints in
postmenopausal women with symptomatic POP and
planned prolapse surgery.

Study design
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This was a prospective randomised, double-masked,
placebo-controlled multicentre study conducted at the
Department of General Gynaecology and Gynaecologic
Oncology of the Medical University of Vienna (MUVI)
(main study centre), as well as at the Department of
Obstetrics and Gynaecology of the University Hospital of
Tulln (second centre), Austria. The study was approved by
the institutional review board at both centres (IRB number:
1706/2016), and each participant provided written
informed consent to participate. All eligible patients were
referred by a gynaecologist and were seen by an urogynaecologist at the respective centre. Patients were not involved
in the development of the research.

Patient selection
Postmenopausal women with symptomatic POP and
planned surgical prolapse repair were eligible participants.
In addition, eligible participants needed to be capable of
applying a vaginal cream and comprehend the informed
consent as well as the delivered questionnaire. Patients with
a suspicion or history of malignancies, postmenopausal
bleeding, a history of deep vein thrombosis, inherited or
acquired blood clotting disorders, a history of transient
ischaemic attack, myocardial infarction or ischaemic heart
disease, hypersensitivity or contraindications to estrogen
were excluded. Further exclusion criteria were treatment
with oral hormonal replacement, vaginal moisturiser or
herbs. All patients included received information and
instruction for pelvic floor muscle training, as this is a
standard first-line treatment at our institution. Definitive
surgical correction was planned in cases who desired a surgical treatment.

Measurement
The primary outcome was the evaluation of the participants’ subjective prolapse-associated complaints according
to the prolapse domain score (PDS) of the Comprehensive
Pelvic Floor Questionnaire (see below) at enrolment to the
trial and after 6 weeks of treatment prior to the planned
prolapse surgery. The prolapse domain within the Pelvic
Floor Questionnaire consists of the following five questions:
‘Do you have a foreign body sensation in the vagina?’, ‘Do
you have the feeling something is falling out of the
vagina?’, ‘Do you have to push back your prolapse to be
able to urinate?’, ‘Do you have to push back your prolapse
to have a bowel movement?’ and ‘How much are you bothered by your prolapse?’. Secondary outcome measures
assessed with the comprehensive German pelvic floor questionnaire between groups were differences in other pelvic
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floor-associated complaints (bladder, bowel or sexual function).

Comprehensive Pelvic Floor Questionnaire
After written informed consent was obtained, 103 of the
original 120 participants randomised completed the
German version of the validated pelvic floor questionnaire
at the point of recruitment as well as after 6 weeks of treatment prior to surgery (total return rate, 85.8%). Participants filled out the questionnaire by themselves. If a
question was unclear and the patient was unsure about
how to answer, patients were able to ask medical personnel
for assistance.
The German Pelvic Floor Questionnaire is a validated,
self-administered questionnaire that integrates bladder,
bowel and sexual function, pelvic organ prolapse severity,
irritability and condition-specific quality of life in women
with urinary incontinence (UI) and/or POP.12 The questionnaire is divided into four domains (bladder, bowel, pelvic organ prolapse and sexual function) and each question
is scored from zero to three. The summed scores are
divided by the maximum total score giving a value ranging
between zero (0 = no symptoms) and 1 for each of the
domains. The scores are then multiplied by 10, for ease of
reference, giving a value between 0 and 10 for each of the
four domains and a maximum global pelvic floor dysfunction score of 40.

Physical and pelvic examination
All study participants underwent a standardized urogynaecological interview, including a complete physical and pelvic examination to check for genital prolapse according to
the International Continence Society (ICS) POP-Q system.13 Urodynamics were not performed routinely.

Funding
This study was funded by Montavit Ges.m.b.H., Salzbergstraße 96, A-6067 Absam/Tirol, Austria. The sponsor
had no role in the design and conduct of the study, collection, analysis and interpretation of the results as well as the
submission process for this article.

means that the estrogen and the placebo cream were visually identical and were not distinguishable by either doctors
or patients. The study medication was provided by the
pharmaceutical company Montavit Ges.m.b.H. (Absam,
Austria).
Women were instructed to use the cream (estrogen or
placebo) intravaginally with the enclosed applicator once
daily for 1 week, every 48 hours for the following week
and then twice weekly for the remaining 4 weeks (total
treatment duration, 6 weeks). Participants documented the
self-administered application in a patient diary. Adherence
was assessed at the follow-up visit after 6 weeks by the trial
coordinators. For the final analysis, all remaining patients
used the cream as advised and as planned per protocol,
meaning that medication adherence was satisfactory and
plausible.

Randomisation
Patients who had consented to participate and met the eligibility criteria were randomly allocated to either receive
the estradiol-containing cream or the placebo cream in a
1:1 ratio. The randomisation was conducted by the pharmaceutical company Montavit. The allocation sequence was
computer-generated by RANCODE PROFESSIONAL 3.6. A randomisation to blocks of four was performed and carried
out from numbers 1 to 400. On the basis of the randomisation list, all labels were produced and information of the
principal investigator as well as the randomisation number
was included. The research team was unaware of each participant’s allocated treatment group. The only unblinded
person was the study coordinator at Montavit.

Follow-up visit after 6 weeks
The follow-up visit was conducted 6 weeks after treatment
and prior to the planned surgical prolapse repair. The
German pelvic floor questionnaire was completed once
more by the patients to evaluate changes of prolapseassociated symptoms after 6 weeks of treatment. Furthermore, all women underwent a gynaecological examination
including POP-Q assessment at this follow-up visit.

Statistical analysis and sample size calculation
Intervention and study procedures
Women were randomly assigned 1:1 to receive either estradiol containing Linoladiol cream or placebo cream. The
active ingredient of the Linoladiol estradiol-containing
emulsion is 0.10 mg of estradiol in 1 g of cream and is
chemically and biologically identical to endogenous human
estradiol. The Linoladiol cream contained estradiol, cetyl
alcohol, probylene glycol, triglycerides, hostacerin T3,
polysorbate, almond oil, benzyl alcohol and purified water.
The placebo cream contained the same ingredients apart
from estradiol. Both creams were white and odourless. This

An intention-to-treat analysis was performed for all analyses. For the primary analysis we compared the alteration of
the prolapse domain score obtained from the pelvic floor
questionnaire before and after intervention (between baseline and 6 weeks follow-up) between the placebo and the
treatment groups. Schoenfeld et al. observed a mean prolapse domain score of 3.33 with a standard deviation of
2.2.14 We assumed that the placebo group would have no
change in the prolapse domain score, whereas the treatment group would improve by two points. We further
assumed that the standard deviation of the pre- and the
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post-intervention values are equal and that the correlation
between the pre- and the post-intervention values is 0.5,
and thus the standard deviation of the differences is 3.8.
Then a two-sided Student’s t-test with 60 patients per
group would have more than 80% power (significance level
0.05). For the sample-size calculation NQUERY XXX was
used.15

Primary end point analysis
An analysis of covariance (ANCOVA) was computed with
the dependent variable prolapse domain score after 6 weeks
and the independent variables group (treatment versus placebo) and prolapse domain score at baseline. The baseline
variables, the follow-up variables and the differences were
described via mean values and standard deviations or 95%
confidence intervals. The chi-square test was used for the
comparison of categorical variables between the two groups
and the Student’s t-test was used for continuous variables.
Multivariate stepwise logistic regression was performed to
identify parameters associated with improved prolapse

Enrolment

domain score in the intervention group. P < 0.05 was considered statistically significant. SPSS 23 (IBM, Armonk, NY,
USA) was used for the calculations.

Results
Recruitment took place over a 31-month period between
January 2017 and August 2020 in two urogynaecology
centres in eastern Austria (Medical University of Vienna
and University Hospital Tulln). One hundred and twenty
women were randomised to receive either vaginal estrogen
cream (n = 60) or placebo cream (n = 60). Once the target
sample size was reached, the study stopped randomising
treatment for women. Study retention was high: 103 of 120
(86%) women provided primary analysis data.
No serious adverse events were recorded, neither in the
estrogen group nor in the placebo group.
A patient flow chart is presented in Figure 1. Baseline characteristics were comparable between treatment
groups and no statistically significant differences could be

Assessed for eligibility (n = 176)

Excluded (n = 56)
• Not meeting inclusion criteria (n = 34)
• Declined to participate (n = 12)
• Other reasons (n = 10)

Randomised (n = 120)

Allocation
Local estrogen (n = 60)

Local placebo (n = 60)
n = 7 did not have surgery
(4 due to family issues
and 2 due to knee
surgery,
1 changed her mind)

n
did not
not have
have surgery
surgery
N== 77 did
(4 changed their mind, 3
were planned for
orthopaedic surgery)

Follow-Up
Lost to follow-up (n = 2)
6 weeks assessment completed (n = 51)

Lost to follow-up (n = 1)
6 weeks assessment completed (n = 52)

Analysis
Analysed (n = 51)

Analysed (n = 52)

Figure 1. Flow of participants through the trial.
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documented between the two groups (P > 0.05) (Table 1).
Women were between 45 and 86 years old and 76% were
married or partnered; 66/103 (64%) women were sexually
active.
As calculated by ANCOVA, there was no significant difference between the estrogen and the placebo group in all
domains of the Pelvic Floor Questionnaire (Table 2).
Prolapse-associated symptoms appeared to be similar in
both groups at baseline.

Differences of prolapse-associated symptoms after
6 weeks of estrogen or placebo treatment
After 6 weeks of treatment with either estrogen or placebo
no significant reduction of prolapse-associated complaints
could be observed according to the prolapse domain score

Table 1. Baseline characteristics of the study population (n = 103)
Characteristic

Age (years)
Age at menopause
(years)
Parity
BMI (kg/m2)
Diabetes
COPD
Smoking
POP-Q stage
baseline
Stage II
Stage III
Stage IV
POP-Q stage after
6 weeks
Stage II
Stage III
Stage IV

Estrogen
(n = 51)

Placebo
(n = 52)

All patients
(n = 103)

64.3  9.7
48.9  6.2

61.2  10.1
49.5  5.9

62.8  10.0
49.2  6.0

2.4  2.1
26.9  4.0
4 (7.8)
5 (9.8)
11 (21.6)
2.8  0.4

2.3  1.1
27.3  4.8
4 (7.8)
1 (1.9)
8 (15.4)
2.7  0.5

2.4  1.7
27.1  4.4
8 (7.8)
6 (5.8)
19 (18.4)
2.8  0.5

9 (17)
41 (80)
1 (0.02)
2.8  0.4

13 (25)
38 (73)
1 (0.02)
2.7  0.5

9 (17)
41 (80)
1 (0.02)

13 (25)
38 (73)
1 (0.02)

2.8  0.5

BMI, body mass index; COPD, chronic obstructive pulmonary
disease; POP-Q, Pelvic Organ Prolapse Quantification System.
Data are means  SDs or n (%).

of the Comprehensive Pelvic Floor Questionnaire (mean
difference between groups, 0.21; 95% CI 0.74 to 0.33;
P = 0.445) (Table 2). Likewise, all other domain scores
(bladder, bowel, sexual function and global pelvic floor
score) did not significantly differ between the intervention
and the placebo group after 6 weeks (Table 2).

Differences of prolapse-associated complaints after
6 weeks of estrogen treatment compared with
baseline
No statistically significant variations between baseline score
and the score after 6 weeks of treatment with local estrogen
could be observed (Table 3). None of the domains showed
a significant difference between the scores at baseline and
at 6 weeks.
In the placebo group, the prolapse domain score similarly did not significantly differ after 6 weeks (mean difference, 0.01; 95% CI 0.03 to 0.05; P = 0.62).

Multivariate analysis including only women with
intervention
When controlled for age, POP-Q stage, parity, menopausal
age, body mass index (BMI) and smoking through multivariate logistic regression, none of the above parameters
modified the response to estradiol (Table 4).

Table 3. Difference of prolapse domain score and other pelvic floor
domain scores Baseline minus 6 weeks of estrogen treatment
Difference of scores
baseline minus 6 weeks of
estrogen treatment

Mean difference (baseline
minus 6 weeks of
treatment)

Prolapse domain score
Bladder domain score
Bowel domain score
Sexual domain score
Global pelvic floor score

0.025
0.012
0.002
0.013
0.004

(
(
(
(
(

0.02
0.02
0.02
0.03
0.06

to
to
to
to
to

0.06)
0.04)
0.02)
0.06)
0.06)

P

0.22
0.38
0.83
0.54
0.88

Data are means (95% CIs).

Table 2. The German Pelvic Floor Questionnaire domains after 6 weeks of treatment with estrogen or placebo, according to ANCOVA
Scores after 6 weeks of treatment
Prolapse domain score
Bladder domain score
Bowel domain score
Sexual domain score
Global pelvic floor score

Estrogen (n = 51)
4.4
2.7
1.8
1.3
6.9







0.19
1.1
0.09
0.14
0.22

Placebo (n = 52)
4.6
2.6
1.8
1.5
7.0







0.19
1.1
0.09
0.14
0.22

Mean difference between groups
0.21
0.03
0.04
0.22
0.06

(
(
(
(
(

0.74 to 0.33)
0.35 to 0.3)
0.28 to 0.21)
0.6 to 0.17)
0.69 to 0.56)

P
0.445
0.868
0.765
0.265
0.838

Data are means  SDs or means (95% CIs).
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Interpretation

Table 4. Multivariate logistic regression analysis of prolapseassociated complaints after 6 weeks of estrogen treatment
Variable
Age (years)
BMI (kg/m2)
Parity
POP-Q
Smoking

Regression coefficient (95% CI)
0.01
0.08
0.17
0.22
1.52

(
(
(
(
(

0.08
0.24
0.14
1.71
0.11

to
to
to
to
to

0.06)
0.08)
0.47)
1.27)
3.15)

P
0.827
0.330
0.270
0.765
0.068

BMI, body mass index; POP-Q, Pelvic Organ Prolapse Quantification
System.
Data are means (95% CIs).

Discussion
Main findings
The results of this randomised, double-masked, placebocontrolled, multicentre study demonstrated that preoperative locally applied estrogen has no effect on prolapseassociated symptoms in postmenopausal women with
symptomatic POP. Multivariate analysis, including only
women in the intervention group, showed that none of the
confounding factors modified the response to estradiol.
Interestingly, women younger than 60 years demonstrated a greater improvement with the placebo than with
estrogen.

Strengths and limitations
To the best of our knowledge, this study is the first trial
evaluating prolapse-associated complaints in postmenopausal patients receiving either local estrogen therapy
or placebo for symptomatic POP before planned surgical
prolapse repair. We conducted a prospective, randomised,
double-masked, placebo-controlled, multicentre study in a
large population with excellent participant follow-up and
medication compliance. Moreover, the study was adequately powered to draw serious conclusions from our
results, albeit that the predetermined sample size of 60 per
group was not reached. We realise that the generalisability
of our trial results is limited by the homogenous population, despite enrolling at two centres. A further limitation
of our study could be the fact that our patients received
vaginal estrogen for a limited treatment duration of
6 weeks. With the wide variation of treatment duration in
the literature (2–12 weeks), the authors decided on an
average time period of 6 weeks. We are aware that this
might not be long enough to see the impact of estrogen.
Furthermore, the lack of an objective control of the local
estrogen effect via vaginal maturation index or Meisels
index could also be considered a limitation of this study.

6

Local estrogen treatment was protective in cases of pelvic
floor disorders in several studies.16–18 However, it is uncertain whether LET is beneficial in postmenopausal women
with POP. With the lack of evidence and as none of the
available studies reported symptoms and signs associated
with POP, but mainly reported symptoms associated with
vaginal atrophy, our research dealt with exactly this unresearched area.
It is well known that the extracellular matrix (ECM) is a
key constituent of the supportive tissue of the vagina, and
alterations in ECM metabolism have been demonstrated in
women with POP.19 Similarly, abnormalities in collagen
metabolism such as elevated matrix metalloproteinase
(MMP) activity have been identified in association with
POP.20 Other studies have shown that MMP synthesis and
activity were suppressed in the presence of estrogen, leading to decreased collagen degradation in pelvic floor connective tissue.21
Although estrogen supplementation has not been established as an effective preventive or therapeutic measure for
POP, vaginal estrogen is widely used to reduce side effects
associated with conservative treatments (like pessaries) and
surgically implanted materials.22 Although studies support
the use of local estrogen in women using pessaries,23,24 it is
unclear how estrogen exerts its positive effect. In our study
we only included women with POP and planned pelvic
floor surgery, and therefore we cannot comment on the
effect of local estrogen in pessary users. The group of
patients was chosen in order to observe solely the estrogen
effect on the wellbeing of the patients in a homogenous
patient group.
Similar to our study, Vaccaro et al. evaluated the role of
2–12 weeks of preoperative local estrogen in increasing
vaginal wall thickness prior to POP surgery. Their results
could not demonstrate a statistically significant increase in
the treatment group compared with the group that received
no intervention.25 Although Rahn et al. observed an
increased synthesis of mature collagen and epithelial thickness of the vaginal wall as a result of preoperative vaginal
estrogen treatment, in a systematic review the same authors
later summarised that it is uncertain whether LET is beneficial before prolapse repair, as an increase in vaginal thickness could not be observed.21,26 As the main outcome
variables of our study were possible changes of subjective
prolapse-associated complaints after 6 weeks of preoperative treatment with estrogen or placebo, we cannot comment on changes in vaginal thickness after treatment.
Regarding prolapse symptoms, a Cochrane Review conducted by Ismail et al. did not find any clear evidence to
suggest that estrogen helps in reducing the symptoms of
POP, and concluded that an adequately powered
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randomised controlled trial (RCT) is needed to identify the
benefits or risks associated with estrogen supplementation
in the prevention and management of POP.27 The aim of
our study was to identify possible changes in subjective
prolapse-associated symptoms after 6 weeks of treatment
with estrogen. Our data showed that prolapse-specific complaints were not ameliorated by local estrogen treatment, as
neither prolapse nor other domain scores (bladder, bowel,
sexual function or global pelvic floor score) differed
between the intervention and the placebo group.
Moreover, recently, Verghese et al.28 performed a pilot
study to assess the feasibility of a multicentre RCT comparing estrogen versus no treatment in women undergoing
POP surgery and reported good compliance within the
study cohort. The authors would like to corroborate this
hypothesis as the compliance rate within our study population was also satisfactorily high (176 patients were assessed
for eligibility and 120 were randomised, with a retention
rate of 86%).
In this study the following potential confounding factors
were included: age, POP-Q stage, parity, menopausal age,
BMI and smoking. Our results showed that none of these
confounding factors modified the response to estradiol. A
recent study identified an association of higher serum estradiol levels with higher body mass index, surgical menopause, alcohol use and antihypertensive medication among
postmenopausal women with oral hormone therapy. Smoking was associated with lower estradiol levels.29 Concerning
local estrogen treatment, we were unable to find any comparable studies in the literature.
In summary, our results suggest that preoperative locally
applied estrogen does not ameliorate prolapse-associated
symptoms in postmenopausal women with symptomatic
POP. Furthermore, and in light of the rising population
affected by POP, which imposes a substantial health care
and financial burden, there is a demand for supportive
therapeutic options in order to alleviate the discomforting
experience of prolapse symptoms.

Conclusion
This RCT was not able to detect any benefits of LET with
regards to prolapse-associated symptoms, such as sensation
of a vaginal bulge or something falling out of the vagina,
and its encroachment on urinary or defecatory function.
Our results strongly imply that prolapse-associated complaints cannot be improved solely by preoperative LET in
postmenopausal women with symptomatic POP. Other factors, such as defects in the pelvic floor anatomy and damaged connective tissues causing POP are apparently not
influenced by LET.
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