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Abstract
OBJECTIVE—To estimate the effect of 2 years of treatment with ultralow-dose transdermal
estradiol (E2) on incontinence in postmenopausal women.

METHODS—Ultra Low Dose Transdermal estRogen Assessment (ULTRA) was a multicenter,
randomized, double-blinded, placebo-controlled trial of unopposed ultralow-dose (0.014 mg/d)
transdermal E2 for prevention of osteoporosis in 417 postmenopausal women aged 60 to 80 years.
Frequency of incontinence episodes was assessed at baseline and after 4 months and 2 years of
treatment using a self-reported questionnaire. We used an intention-to-treat analysis to compare
change in incontinence frequency, improved (decreased 2 or more episodes per week), unchanged
(increased or decreased no more than 1 episode per week), or worsened (increased 2 or more episodes
per week) between the E2 and placebo groups among women with and without at least weekly
incontinence at baseline.

RESULTS—At baseline, the prevalence of at least weekly incontinence was similar between E2
and placebo groups (43%). After 2 years, there was no difference between groups in the proportions
of women with incontinence at baseline whose incontinence improved, worsened, or was unchanged.
The odds ratio for worsening incontinence in the E2 compared with placebo group was 1.35 (95%
confidence interval 0.75–2.42. In women without incontinence at baseline, the odds of developing
at least weekly incontinence after 2 years in the E2 compared with placebo group was not significant
(odds ratio 1.2, 95% confidence interval 0.7–2.2).

CONCLUSION—Two years of treatment with unopposed ultralow-dose transdermal E2 did not
substantially change the frequency of incontinence symptoms or alter the risk of developing at least
weekly incontinence.
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LEVEL OF EVIDENCE: I
The presence of α and β estrogen receptors throughout the urogenital tract suggests that
estrogen has a role in the continence mechanism. In observational studies and nonrandomized
trials, estrogen therapy increases urethral closure pressure,1-3 urethral blood flow,4 α-
adrenergic receptor sensitivity5,6 improves cellular maturation in women with urogenital
atrophy7-9 and reduces the frequency of incontinence episodes.10 Based on these findings,
estrogen has been used to treat urinary incontinence in postmenopausal women.

The presumed clinical benefit of systemic estrogen as a treatment for incontinence has been
challenged by results of randomized controlled trials demonstrating that oral estrogen and
estrogen plus progestin either have no effect or worsen incontinence among postmenopausal
women.11-18 Currently, there are no controlled trials examining the effects of transdermal
estrogen or lower-than-standard doses of systemic estrogen on urinary incontinence.

The Ultra Low Dose Transdermal estRogen Assessment (ULTRA) trial was a multicenter,
randomized, double-blind, placebo-controlled trial that investigated effects on bone density
and the safety of unopposed transdermal estradiol (E2) administered to postmenopausal women
at a dose approximately 75% lower than usually prescribed. The objective of this analysis is
to report the effect of 2 years of treatment with ultralow-dose transdermal E2 on urinary
incontinence in postmenopausal women.

METHODS
The ULTRA trial was a randomized, double-blind, placebo-controlled trial to assess the
effectiveness of 14 μg of transdermal E2 per day (one fourth of the 50-μg standard transdermal
E2 dose) for osteoporosis prevention in postmenopausal women.19 The trial enrolled 417
women at 9 clinical centers in the United States between February 2000 and November 2002.
Figure 1 details recruitment and retention in the trial. The ULTRA trial was coordinated at the
University of California, San Francisco and funded by Berlex Laboratories (Montville, NJ),
the maker of the patch used in this study. The institutional review boards at each clinical site
and the coordinating center approved the ULTRA study protocol and all participants gave
written informed consent. The institutional review board at the University of California, Davis
approved the protocol for this planned secondary analysis of the ULTRA study.

The participants in ULTRA were women aged 60 to 80 years who had a uterus and were at
least 5 years beyond menopause. All were required to have a normal bone mineral density for
age (z score not below −2.0 at the lumbar spine). Women were excluded if they had taken
estrogen or progestin within 3 months of randomization or had any of the following:
unexplained uterine bleeding, endometrial hyperplasia or an endometrium 5 mm or more in
double-wall thickness, abnormal mammogram suggestive of breast cancer, a history of
metabolic bone disease, cancer, coronary disease, cerebrovascular disease, uncontrolled
hypertension, uncontrolled thyroid disease, liver disease, fasting triglycerides more than 300
mg/dL, or fasting glucose more than 180 mg/dL.

Upon entry, all women were randomly assigned to E2 or placebo by a computer-generated
randomization scheme stratified by clinical center in blocks of 4. Treatment numbers were
printed on labels adhered to the identical-looking study medications. Allocation was concealed
because these numbers were assigned sequentially to women by order of arrival at the different
clinical centers. Treatment was a weekly 3.25-cm3 area E2 patch releasing 0.014 mg of E2 per
day or an identical placebo patch. Participants, investigators, and outcome assessors were
blinded to treatment assignment and no unblinding occurred during the trial.
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At baseline, participants completed a questionnaire assessing demographics, health habits,
health history, and medication use. Physical examination included breast and pelvic
examination and body mass measurements. Serum estrone (competitive radioimmunoassay,
Diagnostic Systems Laboratories, Inc, Webster, TX) and E2 (double-antibody sequential
radioimmunoassay, Diagnostics Products Corporation, Los Angeles, CA) were measured.
Adherence to treatment was measured by patch counts every 4 months. Any surgeries that
occurred during the course of the study were reported as adverse events.

At baseline, 4 months, and 2 years, participants completed a questionnaire that assessed
incontinence. An episode of incontinence was categorized as stress incontinence if participants
reported leakage “while coughing, sneezing, straining, laughing, or lifting” and as urge
incontinence if reported to occur with “an urge to urinate and could not get to the toilet fast
enough.” Participants were asked to record the number of stress incontinence episodes and the
number of urge incontinence episodes in the prior week. The frequency of any incontinence
was determined by summing urge and stress episodes. Changes in frequency of incontinence
from baseline to 4 months and 2 years were classified as “worsened” if incontinence episodes
increased by 2 or more per week, “unchanged” if frequency changed by no more than 1 episode
per week and “improved” if incontinence episodes decreased by 2 or more per week. This
definition has been used previously12 and is based on face validity, that is, 2 episodes can be
considered clinically important but still outside the realm of reporting variability.

We estimated that at the 4-month visit, we had 80% power in 2-tailed tests with α of 5% to
detect an odds ratio for worsening of 1.9 for any incontinence, 2.0 for stress incontinence, and
2.3 for urge incontinence. These computations make use of the information on the proportions
improved, with no change, and worsened in the placebo group. Results for other time points
were comparable.

Differences in baseline characteristics between the placebo and E2 groups were assessed using
t-tests, Wilcoxon's rank sum, χ2, and Fisher exact tests as appropriate. The ULTRA study
retained women in the trial after discontinuation of treatment to the extent that they were willing
and obtained a measurement at the end of study for these women. For the women unwilling to
continue in follow-up, a measurement was obtained at the point of discontinuation of treatment.
However, the 41 women who did not have one or the other type of measurement were omitted
from the analysis of 2-year endpoint. Among women with at least weekly incontinence at
baseline, we compared the percent in the E2 and placebo groups that improved, was unchanged,
and worsened after 4 months and 2 years of treatment. To better characterize the precision of
negative findings and to account for the ordinal nature of this outcome, we used proportional
odds models,20 adjusting for clinical site. Among women who did not report weekly
incontinence at baseline, we used a logistic model to compare the proportion of women in the
2 treatment groups who reported developing at least weekly incontinence at 4 months and 2
years of treatment, adjusting for clinical site. Similar analyses were used to determine
separately the effects of treatment on stress and on urge incontinence.

RESULTS
At the end of the 2-year study period, 376 (90%) women completed the study (Fig. 1). Overall,
83% of the women in the E2 group and 77% in the placebo group continued to use their assigned
patch; 84% in both groups used at least 75% of their patches.

Baseline characteristics of the 417 women are presented in Table 1. There were no significant
differences between E2 and placebo groups in demographics, reproductive characteristics,
reported health history, smoking, or endogenous estrogen levels. The participants ranged in
age from 60 to 80 years with a mean age of 67 ± 5 years.
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Prevalence, frequency and type of incontinence were also similar between the E2 and placebo
groups at baseline (Table 1). Overall, 178 women reported weekly incontinence (43%), with
7% reporting 7 or more episodes of leakage per week; 239 (57%) women reported no
incontinence. Equal proportions of women in the treatment groups reported at least weekly
stress (26%) and urge (26%) symptoms, and approximately 18% reported both types. None of
the participants underwent incontinence surgery during the study.

Table 2 presents the percent of participants with at least weekly incontinence at baseline that
improved, was unchanged, or worsened after 4 months and 2 years of treatment with ultralow-
dose E2 or placebo. At 4 months, the proportion of women improved was slightly higher in
the placebo group (35.2% compared with 25%), and the proportion of women worsened was
slightly higher in the E2 group (23.8% compared with 19.3), but the differences between the
groups were not statistically significant. After 2 years of treatment, these small differences
between the groups were reduced. The effects of treatment did not vary by baseline serum E2
levels (data not shown).

Table 2 also presents changes in stress and urge incontinence symptoms and odds ratios for
these changes by treatment group at 4 months and 2 years. A higher proportion of women in
the E2 group reported worsened (20.2% compared with 13.6%), whereas a lower proportion
reported improved (14.3% compared with 27.3%) stress incontinence at 4 months compared
with placebo (P = .03). This difference was small (average increase in frequency of 1.4
episodes/week) and did not persist after 2 years of treatment. There was no difference between
groups in the proportions of women whose urge incontinence improved, worsened, or was
unchanged.

Among the 239 women who did not report incontinence at baseline, 39.0% in the treatment
compared with 36.8% in the placebo group developed incontinence during the 2 years of
follow-up (P = .74). The odds ratio for new onset of incontinence among E2-treated compared
with placebo-treated women was 1.2 (95% confidence interval 0.7–2.2). Of the women who
developed incontinence at 4 months, there was no difference between the treatment groups in
the proportions who improved (4.9%), were unchanged (88.5%), or worsened (6.6%) at year
2 (P = .62).

DISCUSSION
Two years of treatment with unopposed ultralow-dose transdermal E2 had no substantial effect
on urinary incontinence symptoms in older postmenopausal women. Women with at least
weekly incontinence at baseline had no significant worsening with treatment and women
without urinary incontinence at baseline were not more likely to develop at least weekly
incontinence. Women who were treated with E2 had slightly worsening stress incontinence
compared with those treated with placebo at 4 months, but this difference was small, not
observed for urge incontinence, and did not persist at 2 years of treatment.

Participants were observed during 2 years of treatment with the ultralow-dose E2 patch,
providing information about use of this medication over an extended period. Compliance with
the medication was high and follow-up was excellent.

In many observational studies estrogen use is associated with incontinence,21 but determining
whether incontinence preceded or followed the initiation of estrogen in these retrospective or
cross-sectional studies is difficult. The large, prospective Nurses Health Study demonstrated
that postmenopausal women had up to a 68% increased risk of developing new incontinence
after initiation of estrogen. This risk did not vary significantly by dose, type of estrogen, or
route of administration.22

Waetjen et al. Page 4

Obstet Gynecol. Author manuscript; available in PMC 2006 August 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The best evidence for the clinical effects of estrogen on incontinence is from 9 randomized,
placebo-controlled trials. Oral estrogen,11-23 oral estrogen plus progestin,11-13,15 and
subcutaneous estrogen implants24 had no effect or worsened incontinence. Most of the trials
that showed no significant effect of estrogen on incontinence were small and may not have
observed an effect of estrogen due to limited statistical power. The 2 largest trials however,
both showed worsening of incontinence after treatment with estrogen.11-12 In the Women's
Health Initiative (WHI) randomized trial, women who reported incontinence at baseline
assigned to conjugated oral estrogens with and without medroxyprogesterone experienced an
increase in frequency and bothersomeness of incontinence symptoms compared with women
assigned to placebo.11 Similarly in the Heart and Estrogen/progestin Replacement Study,
conjugated oral estrogens with medroxyprogesterone worsened both stress and urge
incontinence.12 Among women without incontinence at baseline in the WHI, conjugated oral
estrogens with and without medroxyprogesterone increased the risk of developing stress
incontinence approximately 2-fold.11 The effects of estrogen might vary with the preparation.
Clinical trials of E2,14-24 estriol,18 and estrone17 showed no effect, whereas conjugated
estrogens seem to worsen incontinence or increase the risk of developing incontinence.
11-13,15,23 However, many of the trials of E2, estriol, and estrone were too small to
demonstrate small effects on incontinence.

Alpha and β estrogen receptors have been identified in the bladder mucosa, trigone, urethra,
vaginal mucosa, the uterosacral ligaments, levator ani muscles, and pubocervical fascia,
suggesting a role for estrogen in the continence mechanism.25-27 Oral estrogen seems to
reduce collagen concentration, decrease the cross-linking of collagen,28 and increase the levels
of collagen turnover in periurethral tissues,29-31 which could lead to weakened urethral
support and incontinence. In a randomized clinical trial of levormeloxifene, a selective estrogen
receptor modulator with estrogenic effects on the genital tract,32 treatment was associated with
a 5-fold increased incidence of incontinence compared with placebo (17% compared with 4%).
33 On the other hand, raloxifene, a selective estrogen receptor modulator with a neutral effect
on the genital tract,34 seems to have no effect on incontinence.23,35

Although the number of women in the ULTRA trial is larger than all previous trials except
Heart and Estrogen/Progestin Replacement Study10 and the WHI,9 the power of our study is
still limited. Our results suggest that ultralow-dose transdermal E2 has no clinically significant
effect on the symptoms of at least weekly incontinence. However, we could be missing as much
as a 20% improvement or a 2-fold worsening of incontinence. We presume that at least 1
episode of incontinence reported in the prior week represents an average incontinence
frequency of at least weekly incontinence. It is possible that women with only 1 incontinence
episode per year, but this episode just happened to occur in the week before completing the
questionnaire, would have been misclassified as having weekly incontinence. This may have
affected our progression and remission rates. However, because the participants were randomly
assigned, this misclassification would likely occur equally between placebo and treatment
groups and would not affect the conclusions of our study.

Because this is a secondary analysis of ULTRA, our results are based on responses to a few
questionnaire items assessing incontinence frequency and type at scheduled visits. Although
self-report reflects the symptoms rather than the diagnosis of stress and urge incontinence, the
experience of incontinence is of more direct clinical and public health importance than the
presence or absence of urodynamic abnormalities. Finally, our study is based on the responses
of healthy, mostly white, older postmenopausal women with normal bone density for age. There
is no apparent reason why our findings should not generalize to many other older
postmenopausal women. However, they may not be generalizable to women who are in the
early postmenopausal period.
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Our study suggests that ultralow-dose unopposed transdermal E2 has no substantial clinical
effect on stress or urge incontinence symptoms in older postmenopausal women and should
not be used to treat incontinence. The use of ultralow-dose transdermal E2 for prevention of
osteoporosis is not associated with a significant risk of worsening or developing incontinence.
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Fig. 1.
Flow chart detailing recruitment and retention of participants in the Ultra Low dose
Transdermal estrogen Assessment (ULTRA) trial.
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Table 1
Baseline Characteristics of 417 Ultra Low Dose Transdermal estRogen Assessment Participants by Treatment
Group

Estradiol n = 20 Placebo n = 20 P*

Age 66.8 ± 5.1 66.7 ± 4.8 .96
Years since menopause 37.0 ± 5.1 37.4 ± 4.7 .57
White race 92.8 91.9 .45
Body mass index 28.3 ± 5.3 28.0 ± 5.3 .60
Parity 3.2 ± 1.7 3.3 ± 1.8 .70
Medical conditions
  Diabetes 3.4 1.0 .09
  Hypertension 16.4 14.8 .65
Current smoker 7.7 6.2 .55
Estradiol level in pg/mL [median (interquartile range)] 4.8 (2.7–8.0) 4.7 (2.7–8.3) .62
Weekly or more frequent incontinence
  Any type 41.3 44.0 .62
  Stress 25.0 27.5 .53
  Urge 26.0 25.8 1.00
Frequency of incontinence, episodes/wk
  None 58.6 56.5 .80
  1 16.8 16.9
  2–6 18.8 18.4
  ≥ 7 5.8 8.2
Incontinence type, mean episodes/wk
  Any 1.9 ± 6.9 1.7 ± 4.3 .57
  Stress 1.3 ± 6.0 1.1 ± 3.6 .47
  Urge 0.6 ± 1.8 0.7 ± 1.7 .84

SD, standard deviation.

Values are mean ± standard deviation or %, except where otherwise specified.

*
The P values for categorical variables were calculated using generalized Cochran-Mantel-Haenszel tests, stratified by clinic site. The P values for

continuous variables are from analysis of variance or rank analysis of variance, adjusted for site.
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Table 2
Percent of Women Improved, Unchanged, or Worsened Compared With Baseline Frequency of Urinary
Incontinence by Treatment Group and Type of Incontinence at 4 Months and 2 Years of Treatment

Incontinence Type Visit Treatment Improved* Unchanged* Worsened*
OR (95% CI)

† P†

Any

4 mo  Estradiol 25.0 51.2 23.8
1.57 (0.88–

2.81) .13
 Placebo 35.2 45.5 19.3

2 y  Estradiol 27.4 56.0 16.7
1.35 (0.75–

2.42) .32
 Placebo 38.2 44.9 16.9

Stress

4 mo  Estradiol 14.3 65.5 20.2
2.05 (1.09–

3.85) .03
 Placebo 27.3 59.1 13.6

2 y  Estradiol 17.9 72.6  9.5
1.52 (0.79–

2.93) .21
 Placebo 29.2 61.8  9.0

Urge

4 mo  Estradiol 11.9 85.7  2.4
0.60 (0.27–

1.34) .22
 Placebo 12.5 77.3 10.2

2 y  Estradiol 13.1 73.8 13.1
0.95 (0.50–

1.82) .88
 Placebo 16.9 65.2 18.0

OR, odds ratio; CI, confidence interval.

Values are %.

*
Improved means that the number of incontinence episodes per week decreased by 2 or more, unchanged means that the number of incontinence episodes

per week increased or decreased no more than 1, and worsened means that the number of incontinence episodes per week increased by 2 or more.

†
OR for worsening incontinence and P value from proportional odds model with ordinal outcome, adjusting for clinical site.
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