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Abstract

Introduction and hypothesis Recurrent urinary tract infections (rUTIs) are commonly encountered in postmenopausal women.
Optimal non-antimicrobial prophylaxis for rUTIs is an important health issue. The aim of this study was to evaluate the use of
estrogen in the prevention of rUTIs versus placebo.

Methods Eligible studies published up to December 2019 were retrieved through searches of MEDLINE, Embase, and Cochrane
Central Register of Controlled Trials and Database of Systematic Reviews. We included randomized controlled trials of estrogen
therapies versus placebo regarding the outcomes of preventing rUTIs. Changes in vaginal pH and estrogen-associated adverse
events were also analyzed.

Results Eight studies including 4702 patients (2367 who received estrogen and 2335 who received placebo) were identified. Five
studies including 1936 patients evaluated the use of vaginal estrogen, which resulted in a significant reduction in rUTIs (relative
risk, 0.42; 95% CI, 0.30-0.59). Three studies including 2766 patients evaluated the outcomes of oral estrogen in the prevention of
UTTIs and showed no significant difference in the number of rUTIs compared to treatment with placebo (relative risk, 1.11; 95%
CI, 0.92-1.35). Two studies reviewed changes in vaginal pH and showed a lower pH (mean difference, —1.81; 95% CI, —3.10—
—0.52) after vaginal estrogen therapy. Adverse events associated with vaginal estrogen were reported, including vaginal discom-
fort, irritation, burning, and itching. There was no significance increase in the vaginal estrogen group (relative risk, 3.06; 95% CI,
0.79-11.90).

Conclusions Compared with placebo, vaginal estrogen treatment could reduce the number of rUTIs and lower the vaginal pH in
postmenopausal women.

Keywords Estrogen - Post-menopause - Prevention - Recurrent urinary tract infection

Abbreviations Introduction
UTI  urinary tract infection
rUTI  recurrent UTI Urinary tract infections (UTIs) are common in women, and ap-

propriate antibiotics are the mainstay of treatment of acute infec-
tions. Recurrent UTIs (rUTlIs) are defined as at least two episodes
>< Hui-Hsuan Lau of UTIs within 6 months or three episodes within 1 year [1]. It is
huihsuan1220 @gmail.com an important health issue for women after menopause.
Continuous long-term low-dose antibiotic treatment has been
reported to be an effective management strategy to prevent
rUTIs; however, it can lead to an increase in drug-resistance rates
to the causative microorganisms, thereby leading to another
health problem [2]. As a result, the use of optimal non-
antimicrobial prophylaxis for rtUTIs has become increasingly
important. The proposed non-antimicrobial treatments include
estrogen, probiotics, and vitamins. However, evidence-based da-
ta on the use of these prophylaxis treatments are still required.
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The prevalence of UTIs increases with age in women
[3-5], and 10-15% of women > 60 years old have been re-
ported to have rUTIs [3, 4] compared to > 20% of those >
65 years and 25-50% of those > 80 years old [5]. An impor-
tant pathogenesis of rUTIs in these women is hormonal defi-
ciency [2—6]. Estrogen deficiency inhibits the growth of vag-
inal Lactobacillus flora, which can maintain vaginal pH and
prevent colonization by uropathogens such as Escherichia
coli [7]. The presence of such uropathogens increases the risk
of infection. A few randomized controlled trials have evaluat-
ed the efficacy of using estrogen to prevent rUTIs, and they
have reported the significant efficacy of local estrogen appli-
cations compared to systemic estrogen [2—7]. A Cochrane
systematic review by Perrotta in 2008 reported that vaginal
estrogen treatment could reduce the number of rUTIs in post-
menopausal women [7]. However, this finding was based on

only two randomized controlled studies [3, 4], and their study
was published > 10 years ago. In addition, the methods of
estrogen application in the two studies were different, using
either vaginal cream or ring. Therefore, the aim of this review
was to evaluate current data and evidence to elucidate the
efficacy of estrogen treatment as non-antimicrobial prophy-
laxis for rUTIs in postmenopausal women. Vaginal pH and
hormone-associated adverse events were also analyzed to
evaluate the safety of the treatment.

Materials and methods
We performed a detailed computerized data search in

December 2019 of MEDLINE (1950-2019), EMBASE
(1980-2019), and the Cochrane Central Register of
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vaginal estrogen

placebo

Raz 1993 8 50 27 43 15.0%
Eriksen 1999 27 53 44 55 27.4%
Simunic 2003 49 828 120 784 26.6%
Dessole 2004 6 44 20 44 12.0%
Ferrante 2019 8 18 16 17 19.1%
Total (95% CI) 993 943 100.0%
Total events 98 227

Heterogeneity: Tau? = 0.09; Chi? = 11.09, df =4 (P = 0.03); I = 64%
Test for overall effect: Z = 4.88 (P < 0.00001)

21
Risk Ratio Risk Ratio
. M-H, R
0.25[0.13,0.50] 1993 -
0.64[0.47,0.86] 1999 -
0.39[0.28, 0.53] 2003 -
0.30[0.13, 0.68] 2004 -
0.47[0.28, 0.80] 2019 -
0.42 [0.30, 0.59] L 4
0.01 0.1 1 10 100

Favours vaginal estrogen  Favours placebo

Fig. 2 Recurrent urinary tract infection between women undergoing local estrogen therapy and placebo

they were thus excluded from this review. The remaining
eight articles were analyzed to assess the efficacy of estrogen
as non-antimicrobial prophylaxis for rUTIs compared with
placebo. Table 1 shows the characteristics of the studies in-
cluded in the review. We reviewed the outcomes of different
hormonal applications and compared vaginal and oral estro-
gen preparations versus placebo.

Vaginal estrogen

The use of vaginal estrogen was evaluated in five trials involv-
ing 324 patients. Two studies used vaginal estradiol silicone
rings and conjugated estrogen cream [4, 5], and three used
estriol in vaginal inserts (cream, ovules) [3, 10, 11]. Four
studies evaluated the reduction or recurrence of new episodes
of UTIs as the treatment outcome, whereas one trial assessed
the occurrence of bacteriuria. All preparations of vaginal es-
trogen decreased the number of UTIs compared with placebo
or compared to baseline conditions (number of UTIs before
starting the trial or baseline bacteriuria) (relative risk, 0.42;
95% confidence interval, 0.30-0.59) (Fig. 2).

Oral estrogen

Three studies evaluated the outcomes of oral estrogen in the
prevention of UTIs, including a total of 2766 patients [6, 12,
13]. Two studies used the same type of estriol but in different
doses (3 mg daily for the duration of the study or 3 mg daily
for 4 weeks and then 1 mg daily for the duration of the study),
and another used oral tablets containing both conjugated es-
trogens (0.625 mg) and medroxyprogesterone acetate [12].
None of the studies showed a significant reduction in the
episodes of UTIs compared with placebo (relative risk, 1.11;
95% confidence interval, 0.92—1.35) (Fig. 3). One study

Placebo

Oral estrogen

Risk Ratio

reported no improvements in UTI rate in the first 4 weeks
but significant improvements at 12 weeks [13], and two stud-
ies reported no improvements after systemic estrogen therapy
[6, 12].

Vaginal pH

Two studies were reviewed for the change in vaginal pH [3,
11], one of which used vaginal ovules and the other used
vaginal cream. Estrogen showed significant efficacy in de-
creasing vaginal pH (mean difference, —1.81; 95% confidence
interval, —3.10—0.52) (Fig. 4).

Adverse events

The adverse events associated with vaginal estrogen therapy
included vaginal discomfort, irritation, burning, and itching.
Compared with placebo, there was no significance increase in
adverse events (relative risk, 3.06; 95% confidence interval,
0.79-11.90) (Fig. 5). The adverse effects in the oral systemic
estrogen group varied widely, so they were difficult to evalu-
ate [6, 12, 13]. One study reported no adverse events related to
hormone therapy [13], and one study reported that oral estro-
gen increased the risks of diabetes, vaginal symptoms, and
urge incontinence [12]. Another study reported that three
(8.3%) patients had vaginal bleeding and seven (19.4%) had
breast pain in the oral estrogen group compared to one (2.8%)
with vaginal bleeding and one (2.8%) with breast pain in the
placebo group [6].

Risk of bias and GRADE quality of evidence evaluation

The risks of bias assessments for each study are summarized
and presented graphically in Figs. 6 and 7. There was a high

Risk Ratio

Brown 2001 132 1318 120 1336 67.0%
Cardozo1998 24 36 20 36 26.7%
Kirkengen 1992 7 20 9 20 6.3%
Total (95% Cl) 1374 1392 100.0%
Total events 163 149

Heterogeneity: Tau? = 0.00; Chi? = 0.99, df =2 (P = 0.61); I? = 0%
Test for overall effect: Z = 1.08 (P = 0.28)

1.12[0.88, 1.41]
1.20 [0.83, 1.74]
0.78 [0.36, 1.68]

1.11[0.92, 1.35]

0.01 0.1 1 10 100
Favours [oral estrogen] Favours [placebo]

Fig. 3 Recurrent urinary tract infection between women undergoing systemic estrogen therapy and placebo
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Mean Difference
1V, % Cl

22
vaginal estrogen placebo Mean Difference
o
Raz 1993 3.6 1 50 6.1 2 43 47.7% -2.50 [-3.16, -1.84] 1993
Dessole 2004 412 0.96 44 5.3 0.75 44 52.3% -1.18 [-1.54, -0.82] 2004

Total (95% CI) 94 87 100.0%
Heterogeneity: Tau? = 0.80; Chi2 = 11.87, df = 1 (P = 0.0006); 12 = 92%
Test for overall effect: Z = 2.75 (P = 0.006)

f

-100 -50 0 50
Favours vaginal estrogen  Favours placebo

1.81[-3.10, -0.52]

100

Fig. 4 Vaginal pH between women undergoing local estrogen therapy and placebo

risk of bias in 50% (4/8) of the trials due to incomplete out-
come data. Other biases included blinding of outcome assess-
ment (2/8, 25%), and blinding of the participants (1/8, 12.5%).
The GRADE quality of evidence evaluation is summarized in
Table 2.

Discussion

The results showed that vaginal estrogen could reduce the
number of rUTIs in postmenopausal women compared with
placebo (five studies, 1936 women: RR 0.42; 95% CI, 0.30—
0.59), but that oral estrogen did not (three studies, 2766 wom-
en: RR 1.11; 95% CI, 0.92-1.35). Vaginal estrogen treatment
significantly lowered vaginal pH (two studies, 211 women:
mean difference, —1.81; 95% CI, —3.10—0.52) and was not
associated with adverse events, including vaginal discomfort,
irritation, burning, or itching (four studies, 324 women: RR
3.06; 95% CI, 0.79-11.90).

Several physiologic changes increase the risk of rUTIs in
postmenopausal women, one of which is urogenital atrophy.
Thinning of the vaginal or urethral mucosa and relaxation of
pelvic floor muscles may cause the development of urinary or
fecal incontinence and pelvic organ prolapse. These pelvic
floor disorders can then cause an increase in post-voiding
residual urine volume and incontinence causing poor hygiene,
which are predisposing factors for UTIs. Another physiologic
change is the change in vaginal microflora. Estrogen deficien-
cy is not beneficial to lactobacilli-dominated vaginal micro-
flora, which can maintain vaginal pH and prevent colonization
by uropathogens [14]. In a prospective study, Meister et al.
enrolled 70 postmenopausal women to evaluate changes in the
urine inflammatory profile after vaginal estrogen therapy, and
they proposed that hormone treatment could help to prevent
rUTIs and reduce the symptoms of infection [15]. They also
reported that vaginal estrogen could reduce levels of urine
interleukin 6 and reduce urine inflammatory scores, indicating

the genitourinary inflammatory response and suppression of
associated symptoms with local estrogen treatment [15].
Although vaginal estrogen treatment appears to be a prom-
ising choice for postmenopausal women, there are concerns
over the efficacy and safety of its long-term use. Because
estradiol absorption is dose dependent and may be influenced
by the delivery system, various formulations and positioning
in the vagina have been suggested [16]. A Cochrane system-
atic review reported that vaginal estrogen cream may be asso-
ciated with an increase in endometrial thickness compared to
estrogen rings because of the higher doses of cream used [7].
Besides endometrial thickness, other estrogen-associated ad-
verse events included breast tenderness, vaginal bleeding or
spotting, non-physiologic discharge, vaginal irritation, burn-
ing, and itching [7]. Currently, the recommendations for local
estrogen dosage and administration for vulvovaginal atrophy
are to avoid a significant increase in serum estradiol [17]. The
preparations of vaginal estrogen therapy can be classified as
low-, intermediate-, and high-dosage preparations [18]. Low-
dose vaginal estrogen is defined as around 7.5 pg for vaginal
rings and 10 ug for tablets. Long-term low-dose vaginal es-
trogen administration has been reported to possibly increase
plasma estradiol levels, but not above the normal range of <
20 pg/ml [18], suggesting that low-dose estrogen therapy does
not increase the rate of adverse events associated with system-
ic hormone therapy. An intermediate dose is defined as 25 pg
estradiol or 0.3 mg conjugated equine estrogen, and a high
dose is defined as 50-2000 pg estradiol or 0.625-2.5 mg con-
jugated equine estrogen. These doses may result in plasma
estradiol levels approaching or exceeding 20 pg/ml [18]. In
our review, all vaginal estrogen preparations used higher
doses; however, no serious adverse events were reported.
Although the meta-analysis revealed non-significant side ef-
fects, the longest use of vaginal estrogen therapy was only
36 weeks [4]. Therefore, further studies regarding the safety
of long-term vaginal estrogen preparations are warranted. In
addition, further studies to evaluate the efficacy of low-dose

Vaginal estrogen Control Risk Ratio Risk Ratio
Raz 1993 10 50 4 43 44.7% 2.15[0.73, 6.37] 1993 =
i —_—)
Eriksen 1999 14 53 0 55 17.1% 30.07 [1.84, 491.75] 1999
Dessole 2004 5 44 3 44 38.2% 1.67 [0.42, 6.55] 2004 =
Ferrante 2019 0 18 0 17 Not estimable 2019
Total (95% CI) 165 159 100.0% 3.06 [0.79, 11.90] i
Total events 29 7

Heterogeneity: Tau? = 0.77; Chi? = 4.45, df =2 (P = 0.11); 2= 55%
Test for overall effect: Z=1.62 (P = 0.11)

0.01 0.1 1 10 100

Favours vaginal estrogen Favours placebo

Fig. 5 Adverse events between women undergoing local estrogen therapy and placebo
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Fig. 6 Risk of bias graph
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vaginal estrogen for preventing rUTIs are also warranted, be-
cause low-dose regimens may be preferred clinically to high-
dose regimens in women, particularly for those who are con-
cerned about the side effects of chronic estrogen therapy.
Although none of the studies reported direct outcomes with
regard to the growth of lactobacilli flora, the meta-analysis
showed that vaginal estrogen could lower vaginal pH in post-
menopausal women. It is worth noting that vaginal estradiol
absorption is acute with peaks at about 8 h that return to
baseline at 12 h [19], indicating that the absorption of estradiol
decreases shortly after the start of treatment. This means that
vaginal mucosa and acidity may recover from an atrophic state
if treatment with estrogen preparations is not continued. In this
review, we included one study that used oral conjugated es-
trogens and medroxyprogesterone acetate; however, there
were still insufficient data to compare their use with progestins
for rUTIs in postmenopausal women. In addition to estrogen
receptors, progesterone receptors are expressed in the bladder,
trigone, and vagina, but their role is still not clear [18].
There are several limitations to this review. We limited
the searches to English language, which may have missed

potentially relevant studies. In addition, the number of
patients, vaginal estrogen applications, and follow-up pe-
riods varied between the studies. Most of the studies had a
limited follow-up period of < 6 months, so the long-term
outcomes were unclear. One study involved the use of
oral conjugated estrogens and medroxyprogesterone ace-
tate. Although there were insufficient data to evaluate the
relationship between progestin and rUTIs, this combina-
tion of hormone therapy may have caused bias. We also
acknowledge that some bias was unavoidable when
performing the meta-analysis, especially with regard to
the variations in intra-vaginal estrogen methods and for-
mulations. There were too many inherent variables related
to individual characteristics, patients’ compliance, appli-
cation skill, and different delivery systems. For example,
an estrogen-containing vaginal pessary inside the vagina
can provide a steady and continuous delivery of estrogen,
unlike vaginal estrogen cream which requires regular use
to achieve an optimal functional estrogenization effect.
Therefore, the results should be interpreted with caution
because of potential bias.

Fig. 7 Risk of bias summary
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Quality
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rUT]I, recurrent urinary tract infection; RCT, randomized controlled trial; CI: confidence interval; RR, risk ratio

There are also several strengths to this review. All of the
recruited studies had similar characteristics, and all of the pa-
tients were postmenopausal and were diagnosed with rUTIs.
To the best of our knowledge, this is the most complete, up-to-
date, and relevant review regarding the efficacy of using sys-
temic or local estrogen versus placebo in the prevention of
rUTIs. Vaginal estrogen therapy may be an effective prophy-
laxis for rtUTIs in postmenopausal women. Nevertheless, fur-
ther studies are needed to survey the long-term effectiveness
and safety of vaginal estrogen preparations and the lowest
efficacious dosage as prophylaxis for rUTIs.
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