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Abstract: Our objective was to apply a meta-analysis to
the available data to evaluate the effect of estrogen
supplementation in the prevention of recurrent urinary
tract infections in postmenopausal women. The literature
review incorporated articles based on a search of
Excerpta Medica, Medline, Science Citation Index and
a manual search of commonly read journals in the fields
of urology, gynecology, gerontology and primary
healthcare, from January 1969 to December 1998. The
search was not limited to English-language publications.
Inclusion criteria were peer-reviewed articles containing
original data with a primary outcome of symptomatic
urinary tract infections and an estrogen-treated group.
Articles were categorized into randomized controlled
trials, case–control studies and self-controlled series. Of
the articles reviewed, five were randomized controlled
trials, two were case–control studies and three were self-
control series. Meta-analysis of data from 334 subjects
revealed a significant benefit from estrogen over placebo
(odds ratio = 2.51, 95% confidence interval = 1.48–
4.25). The most convincing results were obtained using
the vaginal route of administration. A variety of different
estrogen preparations have been employed in the few
published reports, making comparison of the data
difficult. However, vaginal administration seems to be
effective in the prevention of recurrent urinary tract
infections in postmenopausal women.
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Introduction

Urinary tract infections (UTIs) are common in women of
all ages and the prevalence has been shown to increase
with increasing age [1]. Among postmenopausal women
it has been estimated that as many as 15% of those
seeking advice from their primary care doctor in the UK
suffer from urinary tract infection [2], and the condition
is thought to account for about 6 million doctor office
visits per year in the USA, at an estimated cost in excess
of $1 billion per year [3]. However, there is no real
evidence to suggest that estrogen deficiency per se has
an effect, and it may be age-related changes or a
combination of both that causes this increase in the
prevalence of UTIs [4]. The reduction in circulating
estrogen levels in women following the menopause leads
to an increase in vaginal pH, in association with a change
in vaginal flora [5–7]. There is a reduction in
lactobacillus numbers and an increase in colonization
by fecal uropathogens [8]. In view of this, estrogens have
been prescribed empirically based on the clinical
impression that they reduce the recurrence rate of
urinary tract infections in postmenopausal women. It is
thought that the mechanism for this involves an
increased glycogen production in the vagina, leading to
colonization by Doderlein’s bacilli and a reduction in
ambient pH [9]. The latter predisposes to changes in
vaginal flora towards the premenopausal state.
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Not all women who suffer from irritative bladder
symptoms have an acute urinary tract infection, and
estrogens may be effective in alleviating these symptoms
in other ways. For example, estrogens have been shown
to be an effective treatment for urogenital atrophy [10].

Exogenous estrogens can be administered in many
ways. Different types can be prescribed by various routes
of administration at different doses, and therapy may be
short or long term. Given these variables and the lack of
published data, there is no scientific basis on which to
plan the optimal treatment strategy.

The few reports published on estrogen therapy for
recurrent urinary tract infections have shown conflicting
results. We therefore undertook a systematic review of
the literature and a meta-analysis of othe data to try to
clarify this issue.

Methods

A computer literature search was undertaken, including
Medline, Excerpta Medica and Science Citation Index,
and this was followed by a manual search of commonly
read journals in the fields of urology, gynecology,
gerontology and primary care medicine, from January
1969 to December 1998. The search was not limited to
English-language articles. To be considered for inclusion
in the analysis, papers had to contain original data; be
peer reviewed; authors had to have reported sympto-
matic urinary tract infections as the primary outcome
measure; and there had to be an estrogen-treated group.
Abstracts were initially reviewed by the authors and
articles discarded if they were reviews, surveys,
editorials or letters, or did not address the variables of
interest. Suitable articles were grouped as follows: (a)
randomized controlled trials (RCTs), of which there
were five [11–15]: four were placebo-controlled studies,
but one [12] had an untreated control group only; (b)
self-controlled studies, of which there were three [16–
18]; and (c) case–control studies, of which there were
two [19,20]. The data were pooled appropriately in order
to produce a meta-analysis.

Statistical Analysis

The probability of developing at least one UTI was
analyzed as this variable was common to all five of the
randomized controlled trials. Adequate information was
published in four of the studies; we contacted an author
of the fifth [14]. Effect size was expressed as the odds
ratio (OR). An odds ratio less than 1 indicates that the
control group was at less risk of a UTI than the estrogen
group, whereas a value greater than 1 indicates that the
control group was at greater risk. The average or
common odds ratio was calculated by first determining
the weighted average of the logarithm of the odds ratios
for each study. The weights were the inverse of the
variance of the log odds ratio. The average odds ratio
was then calculated as the exponential (antilog) of the

average log odds ratio. By comparing the log odds ratio
to its standard error, treatment effect was evaluated. The
test statistic has a standard normal distribution. Ninety
five percent confidence intervals (95% CI) were
constructed for the log odds ratio, and then converted
to confidence intervals for the odds ratio using the
exponential.

Similar methods were used for the case–control
studies. Although these studies were matched, the data
were analyzed as if unmatched, because the manuscripts
did not contain sufficient information for matched
analyses. Orlander et al. [20] stated that the analyses
for unmatched and matched data were similar.

The number of UTIs per 12 person-months was
computed. In order to obtain sufficient data for this
analysis, authors of two of the manuscripts [11,14] were
contacted. Raz and Stamm [15] provided a P value for a
comparison between estrogen and placebo (given as
P<0.001 two-sided, assumed to be equal to 0.0005 for
one-sided analysis). Kirkengen et al. [13] provided
sufficient data to calculate the number of UTIs per 12
person-months for weeks 0–12. Comparison of estrogen
and placebo groups could only be performed with
Wilcoxon’s rank sum test on data for either weeks 0–4
or weeks 5–12. We chose the latter. Data received from
the authors of the Kjaergaard article [14] were also
sufficient to calculate UTIs per 12 person-months and to
perform a Wilcoxon rank sum test. The statistical review
for the article by Cardozo et al. [11] provided data to
compute the number of UTIs per 12 person-months, but
statistical comparison was not possible. The Eriksen
study [15] determined the number of UTIs per 12
person-months for the estrogen group but not for the
control group, because the control subjects reached the
study endpoint at the time of their first UTI.

A combined effect size for the number of UTIs per 12
person-months was determined as a weighted average of
the individual results, with the weights equal to the
number of months of observation. The method of
Stouffer et al. [21] was used to establish the statistical
summary, which involved summing the Z values of the
individual tests and dividing the result by the square root
of the number of tests.

Results

A description of the five RCTs is shown in Table 1. Two
of the studies used oral estriol; in one it was 3 mg/day
[11] and the other used 3 mg/day for the first 4 week,
followed by 1 mg/day for 8 weeks [13]. The other three
studies used vaginal estrogens; Raz and Stamm [15]
employed estriol cream (0.5 mg/day for 2 weeks,
followed by 0.5 mg twice weekly for 8 months);
Kjaergaard et al. [14] used estradiol tablets (25 mg/day
for 1 week, followed by 25 mg twice weekly for 5
months); and Eriksen [12] used an estradiol-releasing
vaginal ring (Estring) for 36 weeks. In total, data from
169 women receiving estrogen, 110 women receiving
placebo and 55 untreated controls [12] were analyzed.
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Table 2 has the odds ratios for the individual RCTs.
The reports by Raz and Stamm [15], Kirkengen et al.
[13] and Eriksen [12] found odds ratios greater than 1.0
(OR = 44.3, 2.0 and 3.85, respectively). Raz and Stamm
[15] showed a significant reduction in UTIs for estrogen
versus placebo, and Eriksen [12] showed a significant
reduction in UTIs for estrogen versus controls. Cardozo
et al. [11] and Kjaergaard et al. [14] had results favoring
placebo which were not statistically significant. Combin-
ing the results of the five studies, the mean odds ratio
was 2.51, with a 95% confidence interval of 1.48–4.25.
This is significantly greater than 1.0, implying that
estrogen decreases the risk of a UTI.

The impact of route of administration was studied by
comparing mean odds ratio from the three reports using
the vaginal route [12,14,15] with the mean odds ratio
from the two reports employing oral administration
[11,13]. The odds ratio for the vaginal route was 4.62
(95% CI 2.31–9.25), whereas that for the oral route was

1.10 (95% CI 0.49–2.46). This difference was statisti-
cally significant (P=0.008).

The effect of the type of estrogen was studied by
comparing data from the three studies using estriol
[11,13,15] with the two studies using estradiol [12,14].
This yielded an odds ratio of 2.25 (95% CI 1.09–4.65)
for the estriol group and 2.84 (95% CI 1.32–6.10) for the
estradiol group. The difference was not statistically
significant.

There were 1029 person-months of observation in the
estrogen group and 528 in the placebo group. The
number of UTIs per 12 person-months ranged from 0.46
to 3.6 in the estrogen group, and from 1.91 to 5.92 in the
placebo group and (Table 3). The weighted average of
the number of UTIs per 12 person-months was 1.54 for
the estrogen group and 4.09 for the placebo group.
Considering only the three studies [13–15] which
allowed a comparison between estrogen and placebo
groups, the average number of UTIs was significantly
less for estrogen than for placebo (P=0.01).

Examining the subgroups, the average number of
UTIs per 12 person-months in the three studies using
vaginal estrogen [13–15] was 1.34, compared to 2.24 for
the two studies using oral estrogen [11,13]. The
weighted average for the numbers of UTIs per 12
person-months in the three studies using estriol
[11,13,15] was 1.21, versus 1.89 for the two studies
using estradiol [12,14]. No statistical analysis was
possible to compare these values as there were only three
studies available for evaluation.

Two additional relevant RCTs were identified.
Molander et al. [6] carried out a placebo-controlled
RCT on 35 women with urogenital deficiency syndrome.

Table 1. Summary characteristics of randomized controlled trials

Reference Estrogen Route of administration Study duration Sample size
(months)

Active Control

Cardozo [11] Estriol Oral 6 36 36
Eriksen [12] Estradiol Vaginal ring 8.5 53 55
Kirkengen [13] Estriol Oral 3 20 20
Kjaergaard [14] Estradiol Vaginal tablet 5 10 11
Raz [15] Estriol Vaginal cream 8 50 43

Table 2. Odds ratio for UTI for the placebo group versus the estrogen
Group in RCTs

Reference Odds ratio 95% CI

Cardozo [11] 0.78 (0.29–2.15)
Eriksen [12] 3.85 (1.64–9.03)
Kirkengen [13]* 2.00 (0.51–7.72)
Kjaergaard [14] 0.80 (0.14–4.53)
Raz [15]{ 44.3 (8.55–229.95)
Combined 2.51 (1.48–4.25)

*.Odds ratio calculated for months 2–3 of study.
{.Odds ratio calculated at 4 months.

Table 3. Number of UTIs per 12 person-months in RCTs

Reference Estrogen Placebo

Number of person-
months

Number of UTIs per
12 person-months

Number of person-
months

Number of UTIs per
12 person-months

Cardozo [11] 165 2.11 188 1.91
Eriksen [12] 444 1.70 * *
Kirkengen [13] 60 2.60 60 4.40
Kjaergaard [14] 50 3.60 55 3.71
Raz [15] 310 0.46 225 5.92
Combined 1029 1.54 528 4.09

*.Value could not be computed as follow-up was discontinued after first UTI.
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Women in the treatment group took oral estriol 3 mg/day
for 4 weeks, then 2 mg/day for another 6 weeks. At the
end of the 10 weeks of treatment it was noted that 2
women in the estrogen group and 4 in the placebo group
had a positive culture (P=0.33). The second study, by
Felding et al. [22], looked at 45 postmenopausal women
scheduled for vaginal repair surgery. Subjects were
randomized to 25 mg estradiol or placebo tablet daily for
3 weeks prior to surgery. During a gynecologic
examination 4 weeks postoperatively 3 women in the
estrogen group and 10 in the placebo group had suffered
from at least one UTI (OR = 4.88, 95% CI 1.12–21.2),
resulting in 1.36 UTIs per 12 person-months in the
estrogen group and 4.7 in the placebo group. These two
studies differ from the five previously described RCTs.
The women in these studies [6,22] did not necessarily
present with recurrent UTIs prior to entry. In addition,
the treatment phase for the women in the study by
Felding et al. [22] ended at the time of surgery, so that
estrogen treatment ceased 4 weeks prior to evaluation.
These two studies were therefore not included in the
meta-analysis.

A description of the three self-controlled trials is
shown in Table 4. The number of subjects ranged from 5
to 40. Brandberg et al. [16] used oral estriol (3 mg/day for
1 month and 1 mg/day thereafter); Parsons and Schmidt
[17] used conjugated estrogen as a vaginal cream (0.3
mg/day in the first week, every 2 days for the second
week, and then every third day until normal flora was
achieved, followed by a low maintenance dose for the
duration of the study); Privette et al. [18] used conjugated
oral estrogens (0.625 mg/day for 21 days each month),
but 3 older women were subsequently converted to
vaginal cream. In total, subjects were on estrogen for 626
person-months. The number of UTIs per 12 person-
months ranged from 4.14 to at least 12 when the subjects
were not receiving estrogen, and decreased to 0.17–0.38
when they were receiving estrogen.

Table 5 describes the two case–control studies, both of
which matched 5 controls to each case. Cases were
matched on age and practice. The study by Orlander et
al. [20] presented data separately for women who had
undergone a hysterectomy and those who had not.
Oliveria et al. [19] compared estrogen users of varying
durations to non-users. For the current analysis, those
women who were on estrogen for at least 6 months prior
to the index UTI were selected. Orlander et al. [20]
found a significant increase in the frequency of UTIs in
estrogen users with a uterus (OR = 0.48, 95% CI: 0.38–
0.62) but not for women who had had a hysterectomy
(OR = 0.92; 95% CI: 0.67–1.27). Oliveria et al. [19]
found no relationship between estrogen use and
frequency of UTIs (OR = 0.79; 95% CI: 0.56–1.12).
When the information from these studies was combined,
the mean odds ratio was 0.65 (95% CI 0.55–0.78), which
implies an increased risk of UTI with estrogen
supplementation.

Discussion

Early self-controlled trials reported a beneficial effect of
estrogen in the management of recurrent UTIs in
postmenopausal women. In contrast, subsequent case–
control studies showed an overall increased risk of UTIs
in estrogen-supplemented women. It is generally
accepted that RCTs are the gold standard for resolving
these therapeutic dilemmas.

Our systematic review of the literature showed an
overall significant beneficial effect of estrogen supple-
mentation in this population. However, these findings
should be considered cautiously in the light of the
following. Our analysis was based on five RCTs, one of
which used untreated controls rather than placebo. There
was a total of only 334 subjects (169 active, 110 placebo,
55 untreated controls). These women received treatment
for a variable length of time, with different estrogens,
routes of administration and dose regimens.

Table 5. Summary characteristics of case–control studies

Reference Subgroup Number of
cases

Number of
controls

Estrogen exposure

Oliveria [19] Exposed at least
6 months

236 1176 At least 6 months
prior to index UTI

Orlander [20] Intact uteri 2879 16614 At least 1 year prior
to index UTI

Orlander [20] Hysterectomized 737 2584 At least 1 year prior
to index UTI

Table 4. Summary characteristics of self-controlled trials

Reference Estrogen Route of
administration

Study duration Sample size

Brandberg [16] Estriol Oral 9 months 40
Parsons [17] Conjugated estrogen Vaginal 10–15 months 5
Privette [18] Conjugated estrogen Oral for most 2–10 yrs 12
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The two largest studies with the longest observation
periods both used the vaginal route of administration and
showed a clear benefit. The fact that they used different
types of estrogen (estriol and estradiol) suggests that the
route of administration may be more important than the
compound itself. For example, as currently prescribed,
vaginal estriol cream appears to be more effective than
its oral counterpart on the frequency of recurrent UTIs
[11,15].

None of the studies identified the onset of recurrent
urinary tract infections in the subjects included in their
trials. Thus the symptoms in question may have predated
the menopause and could have been due to a variety of
other underlying pathologies, for example cystocele
(leading to a persistent urinary residual), calculus,
constipation etc. Some of the women may have suffered
from lifelong urinary tract infections, for example in
association with sexual intercourse. Symptoms could
have been due to other underlying disorders causing
inflammation of the bladder, such as interstitial rather
than infective cystitis. These possibilities have not been
reported anywhere in the published series.

The most important indications for long-term use of
hormone replacement therapy are the prevention of
osteoporosis and cardiovascular disease. For these
indications systemic (high)-dose estrogen therapy is
required, which normally necessitates the additional use
of a progestogen to protect the endometrium in women
with a uterus. None of the studies quoted here addressed
this issue, and all but one employed low-dose estrogen
therapy, for which a progestogen is considered un-
necessary. This raises two important questions. First,
would the use of high-dose systemic (oral, transdermal,
subcutaneous or percutaneous) estrogens have had a
beneficial effect on the rate of recurrent UTIs, and
secondly, would the addition of a progestogen in such
situations modify this estrogen effect?

Meta-analytical techniques are susceptible to publica-
tion (selection) bias [23], as it is possible that many
similar studies with negative results would not have been
published, and this potentially skews the data presented
here. All the studies analysed used a different time
interval, which further detracts from the validity of the
overall result. We tried to mitigate this by examining the
infection rate per 12 person-months. This transformation
also aids the detection of any decrease in infection rates
among women who were not cured.

It is interesting to note that the only study that looked
at the incidence of postoperative UTIs showed reduced
rates in women receiving preoperative estrogens, despite
the fact that estrogen therapy had ceased 4 weeks prior to
assessment. This study [22] also utilized the vaginal
route of administration.

It is possible that estrogens may be beneficial in
postmenopausal women as an adjunct to other prophy-
lactic interventions, for example in combination with
cranberry juice or its derivatives, agents that lower
urinary pH, or long-term antibiotic therapy.

The available data indicate that the vaginal adminis-
tration of estrogens reduces the frequency of recurrent

UTIs in postmenopausal women. However, there are still
many unanswered questions. None of the RCTs utilized
high-dose systemic estrogen replacement therapy, which
may be effective. It remains unclear which is the best
type of estrogen. Alternative forms of estrogens, such as
phytoestrogens or selective estrogen receptor modulators
(SERMs), have not been studied. There are no data
regarding progestogen supplementation. These questions
can only be answered by clinical trials. The optimal
design would be a randomized placebo-controlled trial
with sufficient power, although this may be difficult to
institute given that systemic estrogen replacement has
become standard climacteric therapy in much of the
developed world.
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EDITORIAL COMMENT: Cardozo et al. have done an
excellent job reviewing the world’s literature and provid-
ing us with a metaanalysis of the role of estrogens in the
treatment of recurrent urinary tract infections in meno-
pausal women.
It appears from the literature that estrogens do play a

large role in treating recurrent urinary tract infections and
the vaginal administration appears the most efficacious
route of delivery. The type of estrogen was not important
as long as it was administered through a vaginal route.
Also, it was interesting to see that there are very few

studies regarding this condition and its treatment despite
the very high prevalence of bladder infections in elderly
menopausal females. This review points out that there is
very little data in this area but that the available data
suggest that estrogens play a large role in treating
recurrent urinary tract infections in menopausal women.
This is something we should all keep in mind when we see
these patients.

Review of Current Literature

The Supine Stress Test: A Simple Method to Detect Intrinsic
Urethral Sphincter

Hsu THS, Rackley RR, Appell RA

Department of Urology, Section of Voiding Dysfunction and Female
Urology, Cleveland Clinic Foundation, Cleveland, Ohio, USA
J Urol 1999;162:460–463

The study assessed a non-urodynamic test to predict intrinsic urethral
sphincter dysfunction (ISD) in women with stress incontinence. Forty-
one women with symptoms of stress incontinence had a history and
physical examination, followed by a supine stress test. This was
performed in the lithotomy position, with 200 ml of fluid placed into the
empty bladder; the patient was then asked to cough and strain
(Valsalva). The loss of any fluid coincident with coughing or straining
was seen as positive. An abdominal leak-point pressure (LPP)
determination was made at a separate visit in the upright sitting position
with 200 ml of dilute contrast material placed into the bladder through a
6 Fr lumen catheter. The patient was asked to Valsalva and/or cough,
and fluoroscopy was used to detect leakage. Intrinsic sphincter
dysfunction was diagnosed if LPP was less than 100 cmH2O. In 31 it
was less than 100 cmH2O, 29 of whom had a positive stress test and 2
had a negative test. The LPP was greater than 100 cmH2O or negative in

9, of whom 1 had a positive stress test. The positive predictive value of
the supine stress test was 96.7%, negative predictive value 81.8%, with a
sensitivity of 93.5% and specificity of 90%.

Comment

The number of patients was very small in making this comparison: 100
or 200 patients would have made it more convincing. The percentage of
patients overall with a low LPP was 30/41, or 73.2%. Considering the
original description of McGuire in assessing surgical failures related to
urethral function, only 13% of non-operated individuals were considered
to have this condition. The current finding of over 70% with ISD is
excessive. Most patients with stress incontinence having LPP will have
a determination of less than 100 cmH2O. The LPP value to diagnose
sphincter dysfunction is set too high, and it seems more rational to set a
value less than 60 as ISD, 60–100 as indeterminate, and over 100 as
normal. In this manner those with a value of 60–100 may be offered
surgery, depending on other factors, which may lead to some having a
retropubic suspension and others having a sling procedure. If one
performs sling surgery for all patients there is no point in carrying out
the test. The excellent long-term results for Burch colposuspension in
indicated cases would appear to make the testing procedures valuable
and recommended. It would be interesting to know how the testing
correlated with patient management and outcome.
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