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MENOPAUSAL HORMONE

therapy (MHT) consist-
ing of oral estrogen plus
progestin or estrogen

alone has long been used to treat post-
menopausal women and, until re-
cently, was credited with many ben-
efits well beyond the indications for
symptomatic relief of hot flashes, night
sweats, and vaginal dryness. One of the
purported benefits of MHT was to im-
prove the symptoms of urinary incon-
tinence (UI). Biological mechanisms to
support this advantage were based on
detection of estrogen receptors in vari-
ous genitourinary tissues, as well as
from observational studies and anec-
dotal reports.1-5

A recent Cochrane review assessing
the effects of estrogen use for the treat-
ment of UI concluded that treatment
consisting of estrogen alone is associ-
ated with perceived improvement or
cure compared with placebo, but that
larger trials were needed.6 It identified
3 clinical trials comparing treatments
of estrogen plus progestin with pla-
cebo, including the larger Heart and Es-
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Context Menopausal hormone therapy has long been credited with many benefits
beyond the indications of relieving hot flashes, night sweats, and vaginal dryness, and
it is often prescribed to treat urinary incontinence (UI).

Objective To assess the effects of menopausal hormone therapy on the incidence and
severity of symptoms of stress, urge, and mixed UI in healthy postmenopausal women.

Design, Setting, and Participants Women’s Health Initiative multicenter double-
blind, placebo-controlled, randomized clinical trials of menopausal hormone therapy in
27347 postmenopausal women aged 50 to 79 years enrolled between 1993 and 1998,
for whom UI symptoms were known in 23296 participants at baseline and 1 year.

Interventions Women were randomized based on hysterectomy status to active treat-
ment or placebo in either the estrogen plus progestin (E � P) or estrogen alone trials.
The E � P hormones were 0.625 mg/d of conjugated equine estrogen plus 2.5 mg/d
of medroxyprogesterone acetate (CEE � MPA); estrogen alone consisted of 0.625 mg/d
of conjugated equine estrogen (CEE). There were 8506 participants who received CEE
� MPA (8102 who received placebo) and 5310 who received CEE alone (5429 who
received placebo).

Main Outcome Measures Incident UI at 1 year among women without UI at base-
line and severity of UI at 1 year among women who had UI at baseline.

Results Menopausal hormone therapy increased the incidence of all types of UI at 1
year among women who were continent at baseline. The risk was highest for stress UI
(CEE � MPA: relative risk [RR], 1.87 [95% confidence interval {CI}, 1.61-2.18]; CEE alone:
RR, 2.15 [95% CI, 1.77-2.62]), followed by mixed UI (CEE � MPA: RR, 1.49 [95% CI,
1.10-2.01]; CEE alone: RR, 1.79 [95% CI, 1.26-2.53]). The combination of CEE � MPA
had no significant effect on developing urge UI (RR, 1.15; 95% CI, 0.99-1.34), but CEE
alone increased the risk (RR, 1.32; 95% CI, 1.10-1.58). Among women experiencing
UI at baseline, frequency worsened in both trials (CEE � MPA: RR, 1.38 [95% CI, 1.28-
1.49]; CEE alone: RR, 1.47 [95% CI, 1.35-1.61]). Amount of UI worsened at 1 year in
both trials (CEE � MPA: RR, 1.20 [95% CI, 1.06-1.36]; CEE alone: RR, 1.59 [95% CI,
1.39-1.82]). Women receiving menopausal hormone therapy were more likely to re-
port that UI limited their daily activities (CEE � MPA: RR, 1.18 [95% CI, 1.06-1.32];
CEE alone: RR, 1.29 [95% CI, 1.15-1.45]) and bothered or disturbed them (CEE � MPA:
RR, 1.22 [95% CI, 1.13-1.32]; CEE alone: RR, 1.50 [95% CI, 1.37-1.65]) at 1 year.

Conclusions Conjugated equine estrogen alone and CEE � MPA increased the risk
of UI among continent women and worsened the characteristics of UI among symp-
tomatic women after 1 year. Conjugated equine estrogen with or without progestin
should not be prescribed for the prevention or relief of UI.
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trogen/progestin Replacement Study
(HERS).7 The review of these studies
only suggested that estrogen plus pro-
gestin reduced the likelihood of cure or
improvement. With the publication of
the HERS results, the practice of using
MHT to treat UI was brought into ques-
tion, but the American College of Ob-
stetricians and Gynecologists, in their
response to the results of the Wom-
en’s Health Initiative (WHI) findings
stated, “for genitourinary symptoms as-
sociated with menopause, estrogen and
progestin have been shown to be ben-
eficial.”8

The WHI estrogen plus progestin
(E � P) and estrogen alone double-
blind, placebo-controlled, random-
ized clinical trials were designed to
evaluate the effects of MHT in prevent-
ing coronary heart disease and hip frac-
tures in postmenopausal women.9 Both
trials ended prematurely. The E � P
trial was stopped after an average of 5.6
years of follow-up because more harm
than benefit was observed.10 The estro-

gen alone trial was stopped after 7.1
years because an increased risk of stroke
was found with no benefit for coro-
nary heart disease, and sufficient in-
formation was obtained to provide an
overall assessment of the risks and ben-
efits of treatment with estrogen alone.11

The primary aim of this analysis was
to determine the effects of MHT (E �
P or estrogen alone) on the 1-year in-
cidence and severity of symptoms of
stress, urge, and mixed UI in healthy
postmenopausal women.

METHODS
Study Population

The WHI hormone trials enrolled
27347 postmenopausal women from
1993 to 1998 at 40 US clinical centers
based on hysterectomy status: 16608
in the E � P trial, who had not had a
hysterectomy; 10739 in the estrogen
alone trial, who had a prior hysterec-
tomy (FIGURE). The WHI used meth-
ods to ensure appropriate age distribu-
tions and adequate power to test the

primary hypotheses, to evaluate inter-
mediate disease outcomes and treat-
ment effects, and to ensure appropri-
ate racial/ethnic group representation.12

Briefly, women were recruited primar-
ily by mass mailings and other media
announcements and were eligible if they
were aged 50 to 79 years at entry, post-
menopausal, and likely to reside in the
study area for 3 years. Women were ex-
cluded from the WHI trials for rea-
sons of competing risk, safety, and ad-
herence or retention.

Reasons for exclusion included breast
cancer, other invasive cancer in the last
10 years, venous thromboembolism,
hypertriglyceridemia, having a medi-
cal condition likely to result in death
within 3 years, or being unwilling or un-
able to be randomized to placebo.
Menopausal hormone therapy use at
baseline required a 3-month washout
period before enrollment, and women
were excluded if they experienced se-
vere menopausal symptoms at the end
of the washout.

Figure. Flow Diagram of Women Included in Analysis of Urinary Incontinence
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All participants were required to
complete a 4-week placebo run-in with
an adherence rate of 80% or greater. At
baseline, women completed screening
and enrollment questionnaires by in-
terview and self-report, and a physical
examination and blood specimen col-
lection were performed. The study was
reviewed and approved by the human
subjects review committees at each
participating institution, and all par-
ticipants provided written informed
consent.

Study Pills

Women randomized in the WHI hor-
mone trials were asked to take a single
daily tablet containing a placebo or ac-
tive medication (estrogen alone partici-
pants: 0.625 mg of conjugated equine es-
trogen [CEE; Premarin, Wyeth Ayerst,
St Davids, Pa]; E � P participants: 0.625
mg of CEE plus 2.5 mg of medroxypro-
gesterone acetate [MPA]). Randomiza-
tion was performed using a study data-
base distributed by the WHI Clinical
Coordinating Center to the local cen-
ters; participants were randomized to the
active treatment or placebo group in each
trial at a 1:1 ratio. The study pill bottles
had unique bar codes and computer-
based selection to enable double-
blinded dispensing.

The study pills were discontinued
without unblinding of clinic staff or par-
ticipants if breast cancer, endometrial
pathology (hyperplasia not respon-
sive to treatment, atypia, or cancer),
deep-vein thrombosis or pulmonary
embolism, malignant melanoma, me-
ningioma, or a triglycerides level of
higher than 1000 mg/dL (11.3 mmol/L)
was found. The study pills were also dis-
continued if any nonstudy estrogen or
progestin was started.

Baseline Assessment
and Follow-up

Baseline questionnaires ascertained com-
prehensive information on partici-
pants, including age, education, occu-
pation, chronic illnesses, time since
menopause, parity, breastfeeding his-
tory, duration of hormone use, hyster-
ectomy status, constipation, current and

past smoking, and physical activity (epi-
sodes per week). Participants were asked
to categorize their racial or ethnic group
by choosing from the following: Ameri-
can Indian/Alaska Native, Asian/
Pacific Islander, black/African Ameri-
can, Hispanic, Latino, white, or other.
Alcohol consumption and other di-
etary intake were estimated from a 120-
item food frequency questionnaire.13

Detailed questions on UI were based
on similar items used and validated in
previous epidemiological studies14 and
included on a self-administered behav-
ioral and quality of life form (available
online at http://www.nhlbi.nih.gov
/resources/deca/whios/index.html). Par-
ticipants who answered yes to the ques-
tion “Have you ever leaked even a very
small amount of urine involuntarily and
you couldn’t control it?” were catego-
rized as having prevalent UI. Those who
answered the question “When do you
usually leak urine?” with only “When I
cough, laugh, sneeze, lift, stand up or ex-
ercise” were considered to have the
symptom of stress UI and those who an-
swered with only “When I feel the need
to urinate and can’t get to the toilet fast
enough” to have urge UI. Those who
marked both responses were consid-
ered to have mixed UI. When a partici-
pant responded only “When I am sleep-
ing,” she was classified as having only UI
at night. Women were classified as con-
tinent if they responded, “Not once dur-
ing the past year” or “no longer leak
urine.” Prior medical or surgical therapy
for UI; details on the route of child-
birth, vaginal or Cesarean; or childbirth-
related complications were not que-
ried. The baseline questions on UI were
repeated at 1 year in all participants and
at 3 years in a subsample consisting of
8.6% of participants. The subsample was
selected to assess intermediate effects of
the interventions (including blood bio-
markers), while keeping costs and clinic
burden to a minimum. We characterize
incident UI as the change from baseline
to 1 year. We also report the effect at 3
years in thesubsampleof theparticipants.

The WHI participants were asked to
bring all current prescription and non-
prescription medications to their first

screening interview. Clinic interview-
ers entered the names of each medica-
tion from the medicine containers into
the WHI database, which assigned drug
codes using Medi-Span software.15

Women reported duration of use for
each medication. Information on dose
was not captured. Current use of di-
uretics, anticholinergic medications, �-
and �-blockers, and � agonists were re-
corded. Current and prior use of MHT
was ascertained by a detailed inter-
view at baseline that queried women
about the type, route of administra-
tion, number of pills per day, age when
use was initiated, and duration for each
hormonal preparation ever taken.

Weight was measured to the nearest
0.1 kg on a balance beam scale with the
participant dressed in indoor clothing
without shoes. Height was measured to
the nearest 0.1 cm using a wall-
mounted stadiometer. Body mass in-
dex was calculated as weight in kilo-
grams divided by height in meters
squared. All women also underwent a
standardized baseline pelvic examina-
tion. Participants in the E � P trial had
an endometrial aspiration or transvagi-
nal uterine ultrasound prior to random-
ization.

Statistical Analysis

Incident or worsening of symptoms fo-
cused on stress, urge, and mixed UI re-
ported at baseline and 1 year. Women
stratified by baseline UI were analyzed
in the treatment groups to which they
were originally randomized according to
the intent-to-treat principle. Partici-
pants with missing data on UI at base-
line or 1 year were excluded from the
analyses. Analyses were performed us-
ing SAS statistical software (version 9.0,
SAS Institute Inc, Cary, NC).

Logistic regression models were fit
with UI status (1=stress, urge, or mixed
UI at 1 year; 0=continent at 1 year) to
determine the overall risk of UI among
asymptomatic women. Similar logistic
regression models were fit to examine
risk of developing a particular type of UI
at 1 year as opposed to remaining con-
tinent. To examine whether CEE �
MPA or CEE alone had more substan-
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tial effects on UI for particular sub-
groups of women, we fit a series of lo-
gistic regression models. For each model,
we included randomization assign-
ment, a baseline characteristic, and the
corresponding interaction term. Base-
line characteristics corresponding to
these subgroups included age; years
since menopause; ethnicity; body mass
index; prior MHT use and duration;
smoking; history of diabetes, asthma,
emphysema, or stroke; age at first birth;
parity; breast feeding; use of diuretics
(carbonic anhydrase inhibitors, loop di-
uretics, mercurial diuretics, osmotic
diuretics, potassium sparing diuretics,

thiazides and thiazide-like diuretics, mis-
cellaneous diuretics, or combination
diuretics), anticholinergics, �- and
�-blockers, � agonists; and alcohol use.
Statistical significance of the main ef-
fects and interactions were judged by a
nominal � = .05. Results are expressed
as relative risks (RRs).

To determine how MHT affected par-
ticipants who were incontinent at base-
line, changes in self-reported fre-
quency (daily, weekly, monthly,
�monthly, not at all), amount (none,
barely noticeable, soaked underpants,
soaked through to outer clothing), limi-
tations in daily activities (never to very

often), and bother/disturbance (not at
all to very disturbing) attributed to UI
from baseline to 1 year were classified
as better, same, or worse. Women’s per-
ceptions of inconvenience and bother,
as well as impact on activities of daily
living, have an important influence on
treatment decisions. Preliminary analy-
sis using the response variable indi-
cated little difference between better and
same (for example, the odds of report-
ing a better frequency of UI from base-
line to 1 year among participants re-
ceiving CEE � MPA compared with
placebo was 0.99). For simplicity, the
analysis presented herein used the col-

Table 1. General Characteristics of Participants With Urinary Incontinence Data at Baseline and 1 Year*

No. (%) of Participants

P
Value†

No. (%) of Participants

P
Value†

CEE + MPA
(n = 7247)

Placebo
(n = 7056)

CEE Alone
(n = 4476)

Placebo
(n = 4517)

Age at screening, y
50-54 854 (11.8) 799 (11.3) 542 (12.1) 555 (12.3)

55-59 1498 (20.7) 1472 (20.9)
.84

773 (17.3) 775 (17.2)
.97

60-69 3307 (45.6) 3221 (45.6) 2057 (46.0) 2089 (46.2)

70-79 1588 (21.9) 1564 (22.2) 1104 (24.7) 1098 (24.3)

Race/ethnicity
White 6151 (84.9) 5992 (84.9) 3431 (76.7) 3433 (76.0)

Black 458 (6.3) 481 (6.8) 632 (14.1) 694 (15.4)

Hispanic 341 (4.7) 315 (4.5) 245 (5.5) 234 (5.2)

Asian/Pacific Islander 177 (2.4) 153 (2.2)
.51

72 (1.6) 63 (1.4)
.52

American Indian 20 (0.3) 26 (0.4) 34 (0.8) 28 (0.6)

Unknown 100 (1.4) 89 (1.3) 62 (1.4) 65 (1.4)

BMI
Normal (�25) 2237 (31.0) 2198 (31.4) 946 (21.3) 936 (20.9)

Overweight (25 to �30) 2520 (34.9) 2449 (34.9) .88 1519 (34.1) 1584 (35.3) .50

Obese (�30) 2457 (34.1) 2363 (33.7) 1986 (44.6) 1966 (43.8)

Moderate or strenuous activity/wk (�20 min)
None 1265 (18.2) 1210 (17.5) 938 (21.6) 911 (21.0)

Some 2979 (42.9) 2953 (42.8) 1945 (44.8) 2027 (46.6)

2 to �4 times 1130 (16.3) 1063 (15.4)
.10

677 (15.6) 617 (14.2)
.17

�4 times 1571 (22.6) 1670 (24.2) 778 (17.9) 792 (18.2)

Smoking
Never 3595 (50.0) 3500 (50.2) 2301 (51.8) 2257 (50.5)

Past 2875 (40.0) 2751 (39.5) .72 1705 (38.4) 1737 (38.9) .30

Current 715 (10.0) 716 (10.3) 434 (9.8) 474 (10.6)

Alcohol consumption
None 801 (11.1) 801 (11.4) 598 (13.5) 595 (13.3)

Ever 1188 (16.5) 1198 (17.1) 1060 (23.9) 1040 (23.2)

�1/mo 1009 (14.0) 975 (13.9) 638 (14.4) 644 (14.4)

�1/wk 1440 (20.0) 1328 (19.0)
.65

852 (19.2) 872 (19.5)
.97

1 to �7 times/wk 1836 (25.5) 1781 (25.4) 889 (20.0) 919 (20.5)

�7 wk 925 (12.8) 920 (13.1) 399 (9.0) 412 (9.2)
Abbreviations: BMI indicates body mass index, calculated as weight in kilograms divided by the square of height in meters; CEE, conjugated equine estrogen; MPA, medroxypro-

gesterone acetate.
*Subgroup totals may not sum to number randomized in each group because of missing data.
†Based on �2 test of association between baseline characteristic and randomization assignment.
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lapsed response categories of worse
compared with same/better. Logistic
regression modeling, similar to the
earlier incident analysis, was then per-
formed.

RESULTS
Baseline Characteristics
and Prevalence of UI
The study flow for the E � P and
estrogen alone trials for women

included in this analysis are shown
in the Figure. Other flow diagrams
have been published previously.10,11

TABLE 1 and TABLE 2 describe base-
line demographic and reproductive

Table 2. Health Characteristics of Participants With Urinary Incontinence Data at Baseline and 1 Year*

No. (%) of Participants

P
Value†

No. (%) of Participants

P
Value†

CEE + MPA
(n = 7247)

Placebo
(n = 7056)

CEE Alone
(n = 4476)

Placebo
(n = 4517)

Baseline incontinence
No leaking 2675 (36.9) 2507 (35.5) 1526 (34.1) 1547 (34.2)

Stress 1844 (25.4) 1884 (26.7) 1074 (24.0) 1086 (24.0)

Urge 1590 (21.9) 1590 (22.5) .20 1059 (23.7) 1095 (24.2) .69

Mixed 1115 (15.4) 1059 (15.0) 800 (17.9) 766 (17.0)

At night only 23 (0.3) 16 (0.2) 17 (0.4) 23 (0.5)

Health in general
Excellent 1399 (19.4) 1321 (18.8) 477 (10.7) 551 (12.2)

Very good 3179 (44.0) 3133 (44.6) 1735 (38.9) 1671 (37.1)

Good 2242 (31.0) 2120 (30.2) .21 1731 (38.8) 1755 (39.0) .12

Fair 383 (5.3) 430 (6.1) 484 (10.9) 487 (10.8)

Poor 26 (0.4) 25 (0.4) 29 (0.7) 36 (0.8)

No. of term pregnancies
1 574 (7.9) 569 (8.1) 312 (7.0) 374 (8.3)

2 1647 (22.8) 1480 (21.1) 910 (20.5) 931 (20.7)

3 1730 (24.0) 1700 (24.2) 968 (21.8) 1088 (24.2)

4 1218 (16.9) 1256 (17.9) .22 821 (18.5) 757 (16.9) .004

�5 1311 (18.2) 1312 (18.7) 1018 (22.9) 964 (21.5)

Never pregnant 564 (7.8) 549 (7.8) 316 (7.1) 288 (6.4)

No term pregnancy 177 (2.5) 159 (2.3) 101 (2.3) 87 (1.9)

Age at first birth
Never pregnant 564 (8.6) 549 (8.7) 316 (7.9) 288 (7.1)

No term pregnancy 180 (2.7) 160 (2.5) 102 (2.6) 89 (2.2)

�20 948 (14.4) 984 (15.5)
.46

994 (25.0) 1014 (25.0)
.21

20-24 2788 (42.5) 2637 (41.6) 1738 (43.7) 1777 (43.8)

25-29 1485 (22.6) 1458 (23.0) 655 (16.5) 667 (16.5)

�30 600 (9.1) 550 (8.7) 174 (4.4) 218 (5.4)

Lactation duration, mo
0‡ 3267 (45.6) 3188 (45.7) 2096 (47.7) 2080 (46.8)

1-6 1849 (25.8) 1801 (25.8) 1227 (27.9) 1234 (27.8)

7-12 831 (11.6) 785 (11.2) .96 459 (10.4) 529 (11.9) .29

13-23 715 (10.0) 693 (9.9) 344 (7.8) 339 (7.6)

�24 510 (7.1) 511 (7.3) 269 (6.1) 260 (5.9)

Duration since menopause, y
�5 1155 (16.8) 1085 (16.1) 283 (7.4) 268 (6.8)

5 to �10 1294 (18.9) 1321 (19.6)
.54

411 (10.7) 404 (10.3)
.71

10 to �15 1455 (21.2) 1421 (21.1) 595 (15.6) 612 (15.6)

�15 2953 (43.1) 2918 (43.3) 2537 (66.3) 2630 (67.2)

Hormone use
Never 5346 (73.8) 5259 (74.6) 2326 (52.0) 2289 (50.7)

Past 1429 (19.7) 1355 (19.2) .59 1568 (35.0) 1628 (36.1) .48

Current 468 (6.5) 440 (6.2) 581 (13.0) 597 (13.2)

Duration of prior hormone use, y
Never 5346 (73.8) 5259 (74.5) 2326 (52.0) 2289 (50.7)

�5 1311 (18.1) 1270 (18.0) 1125 (25.1) 1176 (26.0)

5 to �10 363 (5.0) 302 (4.3)
.22

394 (8.8) 435 (9.6)
.33

�10 227 (3.1) 224 (3.2) 631 (14.1) 617 (13.7)
(continued)
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characteristics, medical conditions,
and health status characteristics of
participants who had baseline and
1-year UI information.

Baseline data on UI was available for
25597 women (93.6% of all WHI par-
ticipants). Among these women, 16417
or 64.1% (63.4% for E � P trial; 65.3%

for estrogen alone trial) reported UI
symptoms within the past year at base-
line. Stress UI was reported by 41.0% of
incontinent women in the E � P trial and

Table 2. Health Characteristics of Participants With Urinary Incontinence Data at Baseline and 1 Year (cont)

No. (%) of Participants

P
Value*

No. (%) of Participants

P
Value*

CEE + MPA
(n = 7247)

Placebo
(n = 7056)

CEE Alone
(n = 4476)

Placebo
(n = 4517)

Disease or condition
Diabetes 409 (5.6) 403 (5.7) .86 426 (9.5) 435 (9.6) .85
Asthma 463 (6.5) 452 (6.5) .95 394 (8.9) 352 (7.9) .09
Emphysema 199 (2.9) 237 (3.5) .05 181 (4.2) 180 (4.2) .95
Ulcerative colitis 62 (0.9) 50 (0.7) .32 60 (1.4) 51 (1.1) .37
Part of intestines removed 102 (1.5) 101 (1.5) .97 111 (2.5) 97 (2.2) .31
Multiple sclerosis 21 (0.3) 19 (0.3) .77 10 (0.2) 18 (0.4) .13
Parkinson disease 11 (0.2) 14 (0.2) .56§ 7 (0.2) 9 (0.2) .80§
Stroke 50 (0.7) 63 (0.9) .17 60 (1.3) 74 (1.6) .24

Medication use
Diuretics (thiazides and loop) 793 (10.9) 805 (11.4) .38 747 (16.7) 771 (17.1) .63
Anticholinergics 31 (0.4) 22 (0.3) .25 21 (0.5) 20 (0.4) .85
�-Blockers 430 (5.9) 441 (6.3) .43 372 (8.3) 360 (8.0) .55
Adrenergic agents 16 (0.2) 22 (0.3) .29 13 (0.3) 15 (0.3) .72

Abbreviations: CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate.
*Subgroup totals may not sum to number randomized in each group because of missing data.
†Based on �2 test of association between baseline characteristic and randomization assignment.
‡Never pregnant or no term pregnancy.
§Based on a Fisher exact test because of the small number of participants who reported disease.

Table 3. Characteristics Among Women Reporting Stress, Urge, or Mixed Urinary Incontinence at Baseline*

Characteristics of Urinary Incontinence

No. (%) of Women With Incontinence

E + P Trial Estrogen Alone Trial

Stress
(n = 4054)

Urge
(n = 3439)

Mixed
(n = 2351)

Stress
(n = 2395)

Urge
(n = 2379)

Mixed
(n = 1708)

Frequency
�1/mo 1695 (41.8) 1126 (32.7) 483 (20.5) 826 (34.5) 680 (28.6) 241 (14.1)
�1/mo but �1/wk 1077 (26.6) 1016 (29.5) 596 (25.4) 614 (25.6) 644 (27.1) 369 (21.6)
�1/wk but �1/d 891 (22.0) 976 (28.4) 761 (32.4) 600 (25.1) 736 (30.9) 594 (34.8)
Daily 391 (9.6) 321 (9.3) 511 (21.7) 355 (14.8) 319 (13.4) 504 (29.5)

Amount
None 7 (0.2) 8 (0.2) 2 (0.1) 5 (0.2) 5 (0.2) 1 (0.1)
Barely noticeable on underpants 3433 (85.7) 2735 (80.0) 1648 (70.7) 1915 (81.1) 1772 (75.4) 1060 (62.4)
Soaked underpants 508 (12.7) 609 (17.8) 574 (24.6) 376 (15.9) 476 (20.3) 532 (31.3)
Soaked through to outer clothing 58 (1.4) 67 (2.0) 107 (4.6) 65 (2.8) 97 (4.1) 107 (6.3)

Leakage limits activities
Never 3279 (81.7) 2835 (82.8) 1657 (70.8) 1759 (74.3) 1799 (76.4) 1112 (65.3)
Almost never 579 (14.4) 438 (12.8) 496 (21.2) 426 (18.0) 375 (15.9) 370 (21.7)
Sometimes 124 (3.1) 120 (3.5) 143 (6.1) 138 (5.8) 141 (6.0) 158 (9.3)
Fairly often 20 (0.5) 20 (0.6) 34 (1.5) 33 (1.4) 28 (1.2) 41 (2.4)
Very often 10 (0.2) 9 (0.3) 10 (0.4) 10 (0.4) 11 (0.5) 22 (1.3)

Leakage bothersome
Not at all 1115 (27.8) 906 (26.5) 371 (15.9) 546 (23.1) 550 (23.4) 214 (12.6)
A little 2022 (50.4) 1658 (48.5) 1051 (44.9) 1143 (48.3) 1092 (46.4) 711 (41.7)
Somewhat 584 (14.6) 559 (16.3) 538 (23.0) 420 (17.7) 419 (17.8) 402 (23.6)
Very 212 (5.3) 220 (6.4) 276 (11.8) 193 (8.2) 219 (9.3) 253 (14.9)
Extremely 79 (2.0) 78 (2.3) 104 (4.4) 65 (2.7) 74 (3.1) 123 (7.2)

Abbreviation: E + P, estrogen plus progestin.
*Subgroup totals may not sum to number randomized in each group because of missing data. P�.001 for all comparisons and based on �2 test of association between baseline

urinary incontinence characteristic and type of urinary incontinence.

HORMONE THERAPY AND URINARY INCONTINENCE

940 JAMA, February 23, 2005—Vol 293, No. 8 (Reprinted) ©2005 American Medical Association. All rights reserved.

 at Texas Tech Hlth Sci Ctr, on September 22, 2005 www.jama.comDownloaded from 

http://www.jama.com


Table 4. Incident Urinary Incontinence at 1 Year in Women Asymptomatic at Baseline*

No. (%) of Participants

RR (95% CI)
P

Value†

No. (%) of Participants

RR (95% CI)
P

Value†
CEE + MPA
(n = 2675)

Placebo
(n = 2507)

CEE Alone
(n = 1526)

Placebo
(n = 1547)

Stress Urinary Incontinence

Total participants 429 (16.0) 218 (8.7) 1.87 (1.61-2.18) �.001 266 (17.4) 131 (8.5) 2.15 (1.77-2.62) �.001

Age at screening, y
50-54 34 (10.0) 35 (11.4) 0.90 (0.58-1.40) 28 (13.5) 26 (11.7) 1.13 (0.69-1.86)

55-59 86 (14.3) 49 (8.6) 1.63 (1.18-2.27)
�.001

49 (18.4) 20 (7.7) 2.32 (1.42-3.77)
.002

60-69 227 (18.4) 102 (8.9) 2.11 (1.70-2.62) 130 (18.5) 69 (9.5) 2.10 (1.60-2.74)

70-79 82 (16.4) 32 (6.6) 2.59 (1.77-3.81) 59 (16.9) 16 (4.8) 3.91 (2.31-6.60)

Duration since menopause, y
�5 51 (12.8) 42 (10.9) 1.21 (0.83-1.77) 12 (13.0) 15 (15.2) 0.95 (0.47-1.90)

5 to �10 68 (14.5) 42 (8.7) 1.70 (1.19-2.44)
.005

21 (14.6) 9 (6.6) 2.18 (1.04-4.57)
.02

10 to �15 97 (18.6) 47 (9.3) 2.00 (1.45-2.77) 35 (18.0) 17 (8.4) 2.01 (1.17-3.44)

�15 165 (16.5) 69 (7.2) 2.33 (1.79-3.03) 139 (17.0) 61 (7.1) 2.56 (1.93-3.39)

Hormone use
Never 304 (15.4) 158 (8.3) 1.87 (1.57-2.24) 144 (17.2) 66 (7.9) 2.25 (1.72-2.95)

Past 106 (19.7) 38 (8.2) 2.41 (1.71-3.41) .008 96 (17.8) 46 (8.4) 2.24 (1.62-3.10) .55

Current 19 (12.1) 22 (15.3) 0.85 (0.48-1.50) 26 (17.1) 19 (11.7) 1.60 (0.93-2.75)

Smoking
Never 235 (16.9) 113 (8.9) 1.93 (1.57-2.38) 130 (16.5) 66 (8.0) 2.23 (1.69-2.93)

Past 161 (16.3) 78 (8.5) 1.95 (1.52-2.51) .46 108 (19.5) 54 (10.1) 1.98 (1.47-2.67) .82

Current 33 (11.9) 24 (8.7) 1.42 (0.87-2.33) 26 (15.2) 10 (5.7) 2.56 (1.28-5.12)

Diabetes
Absent 411 (16.2) 203 (8.5) 1.94 (1.66-2.27)

.10
249 (17.6) 118 (8.4) 2.19 (1.79-2.69)

.48
Present 18 (13.3) 14 (11.4) 1.11 (0.58-2.11) 17 (15.0) 13 (9.4) 1.72 (0.88-3.36)

�-Blocker use
Absent 411 (16.1) 215 (9.1) 1.81 (1.55-2.11)

.03
238 (16.9) 120 (8.3) 2.14 (1.75-2.63)

.92
Present 18 (13.8) 3 (2.3) 6.69 (2.03-22.05) 28 (23.5) 11 (11.2) 2.11 (1.12-3.98)

Urge Urinary Incontinence

Total participants 304 (11.4) 272 (10.8) 1.15 (0.99-1.34) .06 210 (13.8) 184 (11.9) 1.32 (1.10-1.58) .003

Age at screening, y
50-54 37 (10.9) 28 (9.1) 1.18 (0.75-1.88) 14 (6.7) 18 (8.1) 0.85 (0.44-1.66)

55-59 49 (8.1) 55 (9.6) 0.90 (0.63-1.30)
.46

24 (9.0) 28 (10.7) 0.94 (0.56-1.57)
.05

60-69 145 (11.8) 120 (10.5) 1.26 (1.01-1.58) 101 (14.4) 81 (11.1) 1.49 (1.14-1.95)

70-79 73 (14.6) 69 (14.2) 1.20 (0.89-1.61) 71 (20.3) 57 (17.0) 1.45 (1.07-1.98)

Duration since menopause, y
�5 40 (10.0) 32 (8.3) 1.25 (0.80-1.93) 11 (12.0) 9 (9.1) 1.37 (0.60-3.12)

5 to �10 48 (10.2) 46 (9.5) 1.17 (0.80-1.70)
.89

15 (10.4) 12 (8.8) 1.26 (0.62-2.58)
.35

10 to �15 54 (10.4) 50 (9.9) 1.17 (0.81-1.67) 19 (9.8) 30 (14.8) 0.74 (0.43-1.26)

�15 134 (13.4) 124 (13.0) 1.17 (0.93-1.46) 130 (15.9) 108 (12.6) 1.46 (1.16-1.84)

Hormone use
Never 225 (11.4) 208 (11.0) 1.14 (0.96-1.36) 113 (13.5) 96 (11.5) 1.33 (1.03-1.70)

Past 63 (11.7) 54 (11.6) 1.16 (0.83-1.62) .89 77 (14.3) 75 (13.7) 1.23 (0.92-1.64) .58

Current 15 (9.6) 10 (6.9) 1.38 (0.65-2.96) 20 (13.2) 13 (8.0) 1.81 (0.94-3.49)

Smoking
Never 149 (10.7) 138 (10.8) 1.11 (0.89-1.37) 113 (14.3) 93 (11.2) 1.47 (1.14-1.89)

Past 120 (12.1) 103 (11.2) 1.20 (0.94-1.53) .84 71 (12.8) 66 (12.3) 1.19 (0.87-1.62) .42

Current 33 (11.9) 28 (10.2) 1.24 (0.77-1.98) 22 (12.9) 23 (13.2) 1.06 (0.62-1.81)

Diabetes
Absent 290 (11.4) 249 (10.4) 1.21 (1.03-1.41)

.03
196 (12.1) 171 (12.1) 1.30 (1.08-1.58)

.78
Present 14 (10.4) 23 (18.7) 0.59 (0.32-1.09) 14 (9.4) 13 (9.4) 1.46 (0.72-2.96)

�-Blocker use
Absent 286 (11.2) 258 (10.9) 1.13 (0.97-1.33)

.34
196 (13.9) 171 (11.8) 1.34 (1.11-1.62)

.53
Present 18 (13.8) 14 (10.6) 1.57 (0.82-3.00) 14 (11.8) 13 (13.3) 1.06 (0.53-2.13)

(continued)
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36.7% of those in the estrogen alone trial;
urge UI, 34.8% in the E � P trial and
36.4% in the estrogen alone trial; and
mixed UI, 23.8% in the E � P trial and
26.2% in the estrogen alone trial. Fi-
nally, UI only at night was reported by
0.5% of E � P trial participants and 0.7%
of estrogen alone trial participants. There
were no differences in participant char-
acteristics by baseline hormone use. Par-
ticipants with mixed UI tended to have
leakage more frequently and tended to
report more impact on quality of life in
terms of activity limitations and bother
attributed to UI (TABLE 3).

Women with missing UI data at base-
line or 1 year in both MHT trials were
more likely to be younger, to be from
a racial/ethnic minority group, to con-
sume less alcohol, and to be less healthy
(ie, more sedentary, poorer self-
reported health, and more likely to have
emphysema or Parkinson disease). For

the estrogen alone trial, women with
missing UI data were more likely to re-
port asthma, while E � P trial women
with missing UI data were more likely
to report being closer to menopause,
obese, and a current smoker and to have
a history of colitis (data available from
authors on request).

Participant Follow-Up

At 1 year, vital status was known for
99.9% of participants, including 0.2%
who were deceased and 0.1% who were
lost to follow-up. During the first year,
9.7% of women receiving CEE � MPA
and 6.6% receiving placebo stopped tak-
ing study pills for various reasons. Over-
all, the rate of adherence (taking 80%
of the pills) to the study protocol was
74% in the CEE � MPA group and 81%
in the placebo group at 1 year.

For the estrogen alone trial at 1 year,
vital status was known for 100% of par-

ticipants, including 0.4% who were de-
ceased. During the first year, study pills
were stopped for various reasons by 8.4%
of women randomized to CEE alone and
8.0% of women randomized to pla-
cebo. Overall, 77.4% of women random-
ized to CEE alone and 81.4% of women
randomized to placebo were adherent
(taking at least 80% of pills) at 1 year.

Incident UI

For those women who were asymptom-
atic at baseline, MHT was associated with
an increased incidence at 1 year of (1)
any UI (E � P trial: 834 vs 563 cases [RR,
1.39; 95% confidence interval {CI}, 1.27-
1.52]; estrogen alone trial: 557 vs 368
cases [RR, 1.53; 95% CI, 1.37-1.71]); (2)
stress UI (E � P: 429 vs 218 cases [RR,
1.87; 95% CI, 1.61-2.18]; estrogen alone:
266 vs 131 cases [RR, 2.15; 95% CI, 1.77-
2.62]); and (3) mixed UI (E � P: 99 vs
69 cases [RR, 1.49; 95% CI, 1.10-2.01];

Table 4. Incident Urinary Incontinence at 1 Year in Women Asymptomatic at Baseline* (cont)

No. (%) of Participants

RR (95% CI)
P

Value†

No. (%) of Participants

RR (95% CI)
P

Value†
CEE + MPA
(n = 2675)

Placebo
(n = 2507)

CEE Alone
(n = 1526)

Placebo
(n = 1547)

Mixed Urinary Incontinence

Total participants 99 (3.7) 69 (2.8) 1.49 (1.10-2.01) .01 76 (5.0) 50 (3.2) 1.79 (1.26-2.53) .001

Age at screening, y
50-54 7 (2.1) 3 (1.0) 2.11 (0.55-8.06) 7 (3.4) 7 (3.2) 1.07 (0.38-2.99)

55-59 21 (3.5) 20 (3.5) 1.05 (0.58-1.91)
.26

5 (1.9) 8 (3.1) 0.69 (0.23-2.06)
.04

60-69 45 (3.6) 33 (2.9) 1.46 (0.94-2.26) 40 (5.7) 24 (3.3) 2.05 (1.25-3.35)

70-79 26 (5.2) 13 (2.7) 2.24 (1.17-4.30) 24 (6.9) 11 (3.3) 2.63 (1.32-5.25)

Duration since menopause, y
�5 13 (3.3) 10 (2.6) 1.32 (0.59-2.96) 5 (5.4) 0 2.62 (0.94-7.30)

5 to �10 15 (3.2) 11 (2.3) 1.53 (0.71-3.29)
.73

2 (1.4) 6 (4.4) 0.36 (0.07-1.74)
.46

10 to �15 18 (3.5) 15 (3.0) 1.31 (0.67-2.56) 8 (4.1) 10 (4.9) 0.89 (0.36-2.20)

�15 42 (4.2) 29 (3.0) 1.58 (0.99-2.50) 49 (6.0) 29 (3.4) 2.11 (1.35-3.30)

Hormone use
Never 73 (3.7) 54 (2.8) 1.43 (1.01-2.02) 35 (4.2) 30 (3.6) 1.36 (0.85-2.18)

Past 18 (3.3) 13 (2.8) 1.39 (0.69-2.79) .49 34 (6.3) 15 (2.7) 2.65 (1.47-4.79) .15

Current 8 (5.1) 2 (1.4) 3.64 (0.79-16.79) 7 (4.6) 5 (3.1) 1.75 (0.57-5.35)

Smoking
Never 50 (3.6) 29 (2.3) 1.75 (1.12-2.74) 44 (5.6) 21 (2.5) 2.57 (1.55-4.27)

Past 41 (4.1) 34 (3.7) 1.26 (0.81-1.96) .52 30 (5.4) 22 (4.1) 1.51 (0.89-2.58) .05

Current 8 (2.9) 4 (1.5) 2.12 (0.65-6.95) 2 (1.2) 6 (3.4) 0.38 (0.08-1.86)

Diabetes
Absent 93 (3.7) 68 (2.9) 1.43 (1.06-1.95)

.24
70 (5.0) 46 (3.3) 1.76 (1.23-2.53)

.81
Present 6 (4.4) 1 (0.8) 5.01 (0.61-40.81) 6 (5.3) 4 (2.9) 2.07 (0.60-7.11)

�-Blocker use
Absent 92 (3.6) 68 (2.9) 1.39 (1.02-1.89)

.09
73 (5.2) 48 (3.3) 1.81 (1.27-2.58)

.81
Present 7 (5.4) 1 (0.8) 8.56 (1.07-68.38) 3 (2.5) 2 (2.0) 1.48 (0.25-8.60)

Abbreviations: CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.
*Subgroup totals may not sum to number randomized in each group because of missing data.
†Calculated from a logistic regression model.

HORMONE THERAPY AND URINARY INCONTINENCE

942 JAMA, February 23, 2005—Vol 293, No. 8 (Reprinted) ©2005 American Medical Association. All rights reserved.

 at Texas Tech Hlth Sci Ctr, on September 22, 2005 www.jama.comDownloaded from 

http://www.jama.com


estrogen alone: 76 vs 50 cases [RR, 1.79;
95% CI, 1.26-2.53]) (TABLE 4). A sig-
nificant effect of hormones on urge UI
was not observed in the E � P trial (304
vs 272 cases [RR, 1.15; 95% CI, 0.99-
1.34]), but an increase in risk was ob-
served in the estrogen alone trial (210 vs
184 cases [RR, 1.32; 95% CI, 1.10-1.58]).

When comparing amount, degree of
bother, and limitations, there were no
differences by treatment group for
either estrogen alone or E � P trial par-
ticipants, except for degree of bother in
those treated with estrogen alone. In
this subgroup analysis, rates of bother
were a little, not at all, or somewhat
(29% for CEE alone compared with 8%
for placebo), very (41% vs 55%) and ex-
tremely disturbing (30% vs 37%, re-
spectively) (P = .04).

Table 4 includes RRs by subgroups
corresponding to interactions that were
significant at P�.05 for stress, mixed, or
urge UI. Older women and women who
have been postmenopausal for a longer
duration tended to be at higher risk for
MHT effects on incident stress UI
(P�.001 for CEE � MPA and P=.002
for CEE alone with respect to interac-
tion with age). Similar age trends can be
seen for urge and mixed UI for estro-
gen alone (P�.05). Although the inter-
actions between prior MHT use and CEE
� MPA, diabetes and CEE � MPA, and
smoking and CEE alone achieved nomi-
nal statistical significance (P�.05) in
modifying the risk for stress, urge, and
mixed UI, respectively, these findings are
within the realm of chance in that there
does not appear to be any pattern be-
tween UI types or MHT treatments or
any biological mechanism explaining
these findings. Table 4 displays the main
comparisons of interest (a total of 2 trials
� 3 types of UI � 18 baseline charac-
teristics = 108 comparisons made; com-
plete data available on request).

Interaction for stress UI and CEE �
MPA is probably a chance finding for
small groupings such as women who
used �-blockers. Ethnicity, body mass
index, duration of prior hormone use,
asthma, emphysema, stroke, age at first
birth, parity, breastfeeding, use of thia-
zide or loop diuretics, anticholiner-

gics, calcium channel blockers, opi-
ates, sedatives, or alcohol did not
substantially alter the effect of MHT on
the incidence of stress UI. No sub-
groups of women were identified to be
at significantly higher or lower risk of
incident urge or mixed UI. Subgroup
analyses did not show a significant effect
of race/ethnicity on the effect of MHT
on UI (data available on request).

Because of the slight imbalance of
baseline characteristics and treatment as-
signment in Table 1 and Table 2 (ie, em-
physema by CEE � MPA assignment
and parity by estrogen alone assign-
ment), we also adjusted for emphy-
sema in a sensitivity analysis. The RR for
stress UI changed from 1.87 to 1.88, the
RR for urge UI changed from 1.15 to
1.13, and the RR for mixed UI changed
from 1.49 to 1.48. Adjustment for par-
ity in the regression models correspond-
ing to the estrogen alone trial did not
change any of the RRs.

To account for different definitions
of UI, we performed a sensitivity analy-
sis and found that the risk of incident
UI due to MHT was robust to multiple
definitions of UI (ie, increasing the fre-
quency threshold used to define UI;
TABLE 5). For example, if we change the
definition for UI from “within the last
year” to “more than once a week,” the
RR for stress UI changes slightly from

1.87 (95% CI, 1.61-2.18) to 2.28 (95%
CI, 1.91-2.73). Therefore, regardless of
whatever definition of UI is thought to
be clinically meaningful, these results
still apply.

Worsening of Prevalent UI

For those women who reported UI
(stress, urge, or mixed) at baseline, MHT
increased the likelihood of worsening
amount of UI (TABLE 6; CEE � MPA:
RR, 1.20 [95% CI, 1.06-1.36]; CEE alone:
RR, 1.59 [95% CI, 1.39-1.82]); worsen-
ing frequency of UI (TABLE 7; CEE �
MPA: RR, 1.38 [95% CI, 1.28-1.49]; CEE
alone:RR,1.47[95%CI,1.35-1.61]); and
worsening limitations in daily activities
related to UI (TABLE 8; CEE � MPA: RR,
1.18 [95% CI, 1.06-1.32]; CEE alone: RR,
1.29 [95% CI, 1.15-1.45]). Menopausal
hormone therapy also increased the like-
lihood of worsening degree of bother or
disturbance attributed to UI (TABLE 9;
CEE � MPA: RR, 1.22 [95% CI, 1.13-
1.32]; CEE alone: RR, 1.50 [95% CI,
1.37-1.65]).

When we assessed worsening of UI by
type of UI (urge, stress, and mixed) at
baseline, overall worsening was inde-
pendent of type of UI. The exception to
this was the effect of CEE � MPA on
worsening of frequency, for which the
RR was 1.41 (95% CI, 1.21-1.64) for
stress UI; 1.15 (95% CI, 1.02-1.30) for

Table 5. Sensitivity Analysis of Definitions of Incident Urinary Incontinence at 1 Year in
Asymptomatic Women

Frequency of Urinary Incontinence
at Baseline and 1 Year

Relative Risk (95% Confidence Interval)

CEE + MPA vs Placebo CEE Alone vs Placebo

Stress
Within last year 1.87 (1.61-2.18) 2.15 (1.77-2.62)

	1/mo but �1/wk 1.93 (1.67-2.23) 2.21 (1.85-2.65)

�1/wk but �1/d 2.28 (1.91-2.73) 2.59 (2.10-3.18)

Daily 2.48 (1.84-3.33) 2.39 (1.75-3.27)

Urge
Within last year 1.15 (0.99-1.34) 1.32 (1.10-1.58)

	1/mo but �1/wk 1.12 (0.97-1.30) 1.36 (1.15-1.61)

�1/wk but �1/d 1.02 (0.87-1.20) 1.31 (1.08-1.59)

Daily 1.12 (0.84-1.49) 1.36 (1.01-1.83)

Mixed
Within last year 1.49 (1.10-2.01) 1.79 (1.26-2.53)

	1/mo but �1/wk 1.69 (1.35-2.11) 1.83 (1.42-2.36)

�1/wk but �1/d 1.72 (1.40-2.12) 1.99 (1.58-2.50)

Daily 1.73 (1.33-2.24) 2.17 (1.66-2.85)
Abbreviations: CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate.
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urge UI; and 1.58 (95% CI, 1.41-1.77)
for mixed UI. In the estrogen alone trial,
the effect on worsening of amount and
degree of bother differed by type of UI
at baseline (RR for amount was 2.18
[95% CI, 1.69-2.81] for stress UI; 1.27
[95% CI, 1.02-1.58] for urge UI; and 1.49
[95% CI, 1.17-1.90] for mixed UI; RR for
degree of bother was 1.65 [95% CI, 1.42-
1.93] for stress UI; and 1.21 [95% CI,
1.04-1.40] for urge UI; 1.78 [95% CI,
1.48-2.14] for mixed UI), but all types

of UI were worsened by CEE alone. Be-
cause MHT worsened symptoms for all
3 types of UI, subgroup analysis of UI
worsening was performed by combin-
ing all 3 types of UI, thereby limiting the
number of comparisons to a manage-
able amount.

A sensitivity analysis showed that the
risk of increased amounts of urine leak-
age due to MHT use (quantified in our
study by how much urine had soaked
through underpants or outer cloth-

ing) was robust to amount of protec-
tion used. For example, if we only in-
cluded participants whose protection
(none, mini-pad, menstrual pad, dia-
per, or other) at baseline either stayed
the same or increased at 1 year (eg, us-
ing mini-pads at baseline and diapers
at 1 year), worsening of amount was
relatively unchanged (RR, 1.20; 95% CI,
1.06-1.36) in our main analysis and
among participants whose protection
at baseline remained the same or in-
creased (RR, 1.24; 95% CI, 1.09-1.42)
at 1 year.

Subgroup analysis among women re-
ceiving CEE alone compared with pla-
cebo showed that incontinent women
who were older (P=.004) and had a
lower body mass index (P=.002) had
more leakage. Tables 6 through 9 show
selected subgroups, most of which
achieved a nominal level of statistical
significance (a total of 2 treatments �
4 types of worsening � 18 baseline
characteristics = 144 comparisons
made; complete data available on re-
quest). Similar but more modest trends
were seen for CEE � MPA with older
and thinner women experiencing in-
creased amounts of urine leakage.

Among women receiving CEE alone
compared with placebo, women who
were older (P�.001) and had a lower
body mass index (P�.001) had an in-
creased frequency of UI. Similar trends
were seen in the E � P trial. Limita-
tions were increased for women who
were younger (P=.01) and further from
menopause (P�.001). Degree of bother
increased for older women closer to
menopause who were receiving CEE �
MPA or CEE alone. Race/ethnicity did
not modify the effect of MHT on UI
(data available on request).

Prior hormone use, duration of use,
and treatment assignment had some
nominally significant interactions
at P�.01, but no coherent pattern
emerged. Participants with no prior
hormone use were more likely to be
bothered by UI at 1 year than at base-
line. Smoking, diabetes, asthma, or di-
uretic use had no significant interac-
tion with the effect of CEE � MPA or
CEE alone on UI symptoms.

Table 6. Urinary Incontinence at 1 Year in Women Symptomatic at Baseline and Stratified by
Baseline Characteristics: Effect on Amount

CEE + MPA vs Placebo CEE Alone vs Placebo

RR (95% CI)
P

Value* RR (95% CI)
P

Value*

Overall 1.20 (1.06-1.36) .004 1.59 (1.39-1.82) �.001

Age at screening, y
50-54 0.85 (0.54-1.35) 1.13 (0.74-1.73)

55-59 0.88 (0.65-1.19)
.01

1.31 (0.94-1.83)
.004

60-69 1.36 (1.13-1.64) 1.58 (1.29-1.94)

70-79 1.33 (1.04-1.70) 2.04 (1.56-2.65)

BMI
Normal (�25) 1.51 (1.16-1.96) 2.24 (1.54-3.26)

Overweight (25 to �30) 1.16 (0.93-1.44) .08 1.88 (1.48-2.40) .002

Obese (	30) 1.09 (0.90-1.33) 1.31 (1.09-1.58)

Smoking
Never 1.13 (0.94-1.36) 1.46 (1.20-1.77)

Past 1.48 (1.20-1.81) .004 1.80 (1.45-2.24) .39

Current 0.69 (0.46-1.05) 1.67 (1.06-2.63)

Duration since menopause, y
�5 0.76 (0.53-1.08) 1.18 (0.63-2.24)

5 to �10 1.25 (0.93-1.68)
.004

1.43 (0.91-2.25)
.32

10 to �15 1.03 (0.76-1.38) 1.92 (1.27-2.90)

�15 1.42 (1.18-1.71) 1.61 (1.35-1.91)

Hormone use
Never 1.25 (1.08-1.45) 1.58 (1.30-1.92)

Past 1.09 (0.82-1.47) .57 1.61 (1.29-2.00) .92

Current 1.01 (0.62-1.65) 1.59 (1.04-2.42)

Duration of prior hormone use, y
Never 1.25 (1.08-1.45) 1.58 (1.30-1.92)

�5 1.14 (0.83-1.56)
.30

1.39 (1.08-1.79)
.50

5 to �10 0.74 (0.43-1.27) 2.02 (1.19-3.43)

�10 1.40 (0.69-2.82) 1.88 (1.30-2.72)

Diabetes
Absent 1.22 (1.07-1.39)

.47
1.50 (1.30-1.74)

.03
Present 1.02 (0.65-1.62) 2.40 (1.58-3.63)

Asthma
Absent 1.29 (1.12-1.47)

�.001
1.61 (1.39-1.86)

.87
Present 0.55 (0.34-0.88) 1.64 (1.05-2.57)

Diuretic use
Absent 1.26 (1.10-1.45)

.07
1.60 (1.38-1.86)

.69
Present 0.91 (0.65-1.26) 1.52 (1.08-2.16)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by the square of height in meters;
CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.

*Calculated from logistic regression model.
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UI at 3 Years
To determine the longer-term effect of
MHT on UI, we examined data in an
8.6% subsample of participants (over-
sampled for minorities) at 3 years. For
the E � P trial, the subsample of partici-
pants at 3 years consisted of 775 partici-
pants receiving active treatment and 736
receiving placebo. The subsample in the
estrogen alone trial consisted of 577 par-
ticipants receiving active treatment and
612 participants receiving placebo.

Estrogen Plus Progestin

At1year,womenintheCEE�MPAsub-
sample compared with placebo had a RR
of1.33(95%CI,0.99-1.79) forUI,which
was similar to the entire CEE � MPA
sample (RR, 1.39; 95% CI, 1.27-1.52).
Continent women in the CEE � MPA
subsample continued to be at higher risk
for UI at 3 years. For the participants in
the CEE � MPA subsample who were
continent at baseline and 1 year, 39
(25.5%) of 153 receiving CEE � MPA
reported incident UI at 3 years com-
pared with 26 (14.1%) of 185 women
who were receiving placebo (RR, 1.81;
95% CI, 1.16-2.84). Most women who
had incident UI at 1 year still had UI at
3 years (51 [70.8%] of 72 receiving CEE
� MPA and 40 [70.2%] of 57 receiving
placebo; P=.94 for difference in remain-
ing incontinent by treatment group).

Estrogen Alone

WomenintheCEEalonesubsamplehad
a RR of 1.66 (95% CI, 1.19-2.32) for UI
at 1 year, which was similar to the RR
of1.53(95%CI,1.37-1.71) for theentire
CEEalonesample.Participantsreceiving
CEEalone tended tobeathigher risk, al-
beitnotsignificantlyso, thanparticipants
receiving placebo at 3 years, with 27
(28.1%)of96whowerecontinentatbase-
line and 1 year reporting incident UI at
3yearscomparedwith26(19.1%)of136
who were receiving placebo (RR, 1.47;
95% CI, 0.92-2.36). Most women who
had incident UI at 1 year still had UI at 3
years. Of the participants who reported
incident UI at 1 year, 43 (71.7%) of 60
women who were receiving CEE alone
and 26 (68.4%) of 38 receiving placebo
werealso incontinentat3years (P=.73).

COMMENT
In this randomized clinical trial of MHT
in a group of healthy postmenopausal
women, treatment with daily tablets of
0.625 mg of conjugated equine estro-
gen (CEE alone) or 0.625 mg of con-
jugated equine estrogen plus 2.5 mg of
medroxyprogesterone acetate (CEE �
MPA) increased new onset UI among
continent women and worsened the
characteristics of UI among already in-
continent women. This effect per-

sisted through 3 years. Although these
findings are based on 1 specific type,
route of administration, and dosage of
estrogen (with or without progestin),
they are consistent with findings from
an observational study that reported use
of several different formulations of E �
P and estrogen alone and suggested an
increased risk of UI associated with
MHT.16 To our knowledge, this is the
first randomized trial to demonstrate
that estrogen alone increased UI.

Table 7. Urinary Incontinence at 1 Year in Women Symptomatic at Baseline and Stratified by
Baseline Characteristics: Effect on Frequency

CEE + MPA vs Placebo CEE Alone vs Placebo

RR (95% CI)
P

Value* RR (95% CI)
P

Value*

Overall 1.38 (1.28-1.49) �.001 1.47 (1.35-1.61) �.001

Age at screening, y
50-54 1.20 (0.93-1.53) 1.03 (0.79-1.35)

55-59 1.31 (1.10-1.55)
.07

1.15 (0.93-1.43)
�.001

60-69 1.41 (1.26-1.56) 1.56 (1.37-1.78)

70-79 1.47 (1.27-1.70) 1.78 (1.51-2.10)

BMI
Normal (�25) 1.51 (1.32-1.73) 1.89 (1.54-2.32)

Overweight (25 to �30) 1.36 (1.21-1.54) .17 1.59 (1.37-1.83) �.001

Obese (	30) 1.32 (1.17-1.50) 1.27 (1.12-1.44)

Smoking
Never 1.41 (1.27-1.57) 1.54 (1.36-1.74)

Past 1.35 (1.21-1.52) .83 1.43 (1.25-1.64) .38

Current 1.35 (1.07-1.71) 1.25 (0.95-1.66)

Duration since menopause, y
�5 1.15 (0.95-1.40) 1.27 (0.85-1.90)

5 to �10 1.30 (1.09-1.56)
.01

1.36 (1.03-1.80)
.08

10 to �15 1.38 (1.17-1.62) 1.14 (0.88-1.46)

	15 1.47 (1.32-1.64) 1.54 (1.38-1.72)

Hormone use
Never 1.40 (1.29-1.53) 1.47 (1.30-1.66)

Past 1.34 (1.14-1.57) .57 1.62 (1.40-1.87) .03

Current 1.24 (0.91-1.69) 1.14 (0.89-1.46)

Duration of prior hormone use, y
Never 1.40 (1.29-1.53) 1.47 (1.30-1.66)

�5 1.53 (1.28-1.83)
.02

1.53 (1.29-1.82)
.66

5 to �10 1.07 (0.77-1.49) 1.55 (1.15-2.09)

�10 0.87 (0.61-1.24) 1.35 (1.08-1.68)

Diabetes
Absent 1.38 (1.28-1.49)

.98
1.48 (1.35-1.62)

.78
Present 1.36 (1.03-1.79) 1.44 (1.08-1.90)

Asthma
Absent 1.40 (1.30-1.51)

.10
1.50 (1.37-1.64)

.25
Present 1.09 (0.83-1.45) 1.25 (0.91-1.72)

Diuretic use
Absent 1.43 (1.32-1.54)

.03
1.51 (1.37-1.66)

.32
Present 1.11 (0.90-1.36) 1.34 (1.09-1.63)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by the square of height in meters;
CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.

*Calculated from logistic regression model.
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The baseline prevalence of UI in the
WHI participants is consistent with
some, but not all, past epidemiological
studies. An earlier review of studies de-
scribed prevalence rates ranging from
17% to 50% for UI symptoms within the
past 12 months.17 Use of a detailed as-
sessment tool for measuring UI may have
provided a slightly different estimate of
overall UI prevalence or its subtypes in
our study sample.18 However, rates in our
study are consistent with more recent

studies that also defined UI broadly as
any leakage of urine in the last 12
months. These studies have identified
prevalence rates ranging from 41% to
72% in community-dwelling, midlife,
and older women.19-25

For several decades, estrogen has
been 1 of several treatments for UI in
women. This practice was based on as-
sumptions about biological mecha-
nisms, associations of various symp-
toms with menopause, and small

uncontrolled trials. The lower urinary
tract shares a common embryologic ori-
gin with the genital tract, the urogeni-
tal sinus, and estrogen and progester-
one receptors are present in the vaginal
epithelium, the urethra, and bladder tri-
gone.1-4 Estrogen loss after meno-
pause causes atrophy throughout the
genital tract, which may lead to itch-
ing, burning, dryness, and dyspareu-
nia. Coexistent symptoms, including
urinary frequency, urgency, UI, and re-
current urinary tract infections, were
thought to be related to atrophy of the
urinary tract. Because MHT has a ben-
eficial effect on vaginal mucosa, in par-
ticular in improving symptoms of atro-
phic vaginitis,26 clinicians suggested that
MHT might also improve UI.

Epidemiological studies have re-
ported higher rates of UI in middle-
aged women, and it was postulated that
estrogen deficiency was associated with
both menopause and with UI.5 How-
ever, in a large cross-sectional Study of
Osteoporotic Fractures, estrogen use by
postmenopausal women was associ-
ated with an almost 2-fold increased risk
of daily UI, after adjusting for various
factors.14 These findings, reported in
1996, had little impact on subsequent
treatment recommendations, and es-
trogens continued to be viewed as a vi-
able treatment for UI.27-29

Early uncontrolled case series analy-
ses suggested a benefit of estrogen, in
various forms, on urinary tract symp-
toms and urodynamic findings. How-
ever, clinical trials of the effect of estro-
gen therapy on UI have had mixed
results. Most were small and of short du-
ration, and the majority showed no im-
provement in the number of inconti-
nent episodes per week.30-34 In some of
these trials, various combinations of
pharmacological agents along with es-
trogen were used to treat UI, and ben-
efit could be attributed to combination
therapy, not simply to estrogen alone.35

In 1 of the few randomized trials assess-
ing the impact of combined hormone
therapy on UI as the primary outcome,
83 women received cyclic hormone
therapy compared with placebo.36 After
3 months of cyclic hormone therapy,

Table 8. Urinary Incontinence at 1 Year in Women Symptomatic at Baseline and Stratified by
Baseline Characteristics: Effect on Limitations

CEE + MPA vs Placebo CEE Alone vs Placebo

RR (95% CI)
P

Value* RR (95% CI)
P

Value*

Overall 1.18 (1.06-1.32) .002 1.29 (1.15-1.45) �.001

Age at screening, y
50-54 1.13 (0.78-1.62) 1.16 (0.82-1.64)

55-59 1.17 (0.89-1.53)
.35

0.85 (0.64-1.12)
.01

60-69 1.11 (0.95-1.31) 1.42 (1.19-1.68)

70-79 1.34 (1.09-1.66) 1.49 (1.20-1.86)

BMI
Normal (�25) 1.33 (1.06-1.67) 1.28 (0.95-1.72)

Overweight (25 to �30) 1.17 (0.96-1.42) .22 1.26 (1.03-1.55) .84

Obese (	30) 1.10 (0.93-1.29) 1.29 (1.10-1.51)

Smoking
Never 1.30 (1.11-1.53) 1.30 (1.10-1.53)

Past 1.08 (0.91-1.29) .24 1.39 (1.15-1.66) .19

Current 1.08 (0.78-1.50) 0.94 (0.64-1.36)

Duration since menopause, y
�5 0.94 (0.70-1.26) 0.78 (0.46-1.33)

5 to �10 1.25 (0.96-1.62)
.25

0.84 (0.58-1.22)
�.001

10 to �15 1.29 (1.00-1.67) 1.18 (0.84-1.64)

�15 1.20 (1.03-1.41) 1.43 (1.23-1.65)

Hormone use
Never 1.16 (1.02-1.31) 1.32 (1.12-1.55)

Past 1.13 (0.88-1.44) .17 1.39 (1.14-1.68) .17

Current 1.89 (1.16-3.07) 1.00 (0.74-1.35)

Duration of prior hormone use, y
Never 1.16 (1.02-1.31) 1.32 (1.12-1.55)

�5 1.26 (0.97-1.63)
.57

1.39 (1.11-1.73)
.45

5 to �10 1.60 (0.94-2.72) 0.97 (0.67-1.41)

	10 0.94 (0.53-1.66) 1.26 (0.92-1.71)

Diabetes
Absent 1.20 (1.07-1.34)

.47
1.27 (1.13-1.44)

.47
Present 1.04 (0.71-1.52) 1.46 (1.03-2.08)

Asthma
Absent 1.18 (1.05-1.32)

.68
1.30 (1.15-1.47)

.80
Present 1.09 (0.76-1.58) 1.22 (0.86-1.75)

Diuretic use
Absent 1.24 (1.10-1.40)

.07
1.30 (1.15-1.48)

.83
Present 0.90 (0.68-1.20) 1.24 (0.95-1.60)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by the square of height in meters;
CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.

*Calculated from logistic regression model.
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there were no differences in clinical or
quality-of-life variables between the
treated and untreated groups. In the larg-
est randomized clinical trial to date prior
to WHI, measures of UI and frequency
were obtained from women with heart
disease.7 Of 1525 women who reported
at least weekly UI, the use of combined
E � P increased the severity and fre-
quency of urge and stress UI.

A meta-analysis of 28 trials of various
hormone preparations with a total of
2926 women (sample sizes ranging from
16 to 1525 women) assessed the effect
of estrogen treatment on UI.6 In the 15
trials thatcomparedatotalof374women
randomized to estrogen and 344 to pla-
cebo, subjective cure and improvement
rates were higher in women receiving
estrogen forbothurgeUI(35/61vs16/58
on placebo) and stress UI (46/107 vs
29/109). Incontrast, based largelyon the
HERS results, the authors concluded
that estrogen plus progestin therapy was
associated with reduced subjective cure
or improvement of UI. Like HERS, we
found that estrogen plus progestin
therapy increased the risk of UI. How-
ever, our results found similar increased
risk in women taking estrogen alone.

In light of the biological plausibility
thatMHTwould improveUI, it is impor-
tant to consider recent advances in basic
science research to understand the
mechanisms by which hormone treat-
ment could worsen this condition.
Althoughbasic science in this area is lim-
ited, a recent placebo-controlled, ran-
domized clinical trial of estrogen alone
sheds light on this issue. Women receiv-
ing 2 mg of oral estradiol valerate over 6
months showed significant decreases in
total periurethral collagen.37 Profound
effects on collagen metabolism were
observedandincludedstimulationofcol-
lagen degradation via increased matrix
metalloproteinase-2activity.Urethralclo-
sure isdependentontheintegratedaction
of thesuburethralvaginalwall, thepubo-
urethral ligaments, the pubococcygeus
muscles, and the paraurethral connec-
tive tissues. For all of these structures,
connective tissue is a crucial element.
Consequently, damage in the paraure-
thral connective tissue connecting these

structures to one another and to the ure-
thra will cause ineffective urethral clo-
sure, thus setting the stage for UI. Fur-
ther research evaluating the effects of
estrogen alone compared with estrogen
plus progestin on various biological
mechanisms, such as collagen metabo-
lism, may provide important additional
insights on the mechanisms of action of
these preparations on UI.

We studied only 0.625 mg/d of con-
jugated equine estrogens (estrogen

alone trial) or 0.625 mg/d of conju-
gated equine estrogens plus 2.5 mg/d
of medroxyprogesterone acetate (E �
P trial). Therefore, our ability to gen-
eralize these findings to women tak-
ing other MHT formulations is lim-
ited. We cannot address the impact of
surgery for UI or changes in treatment
over time because we did not collect
those data. Analysis of smaller sub-
groups for some categories (eg, women
aged 50-54 years), although of inter-

Table 9. Urinary Incontinence at 1 Year in Women Symptomatic at Baseline and Stratified by
Baseline Characteristics: Effect on Degree of Bother

CEE + MPA vs Placebo CEE Alone vs Placebo

RR (95% CI)
P

Value* RR (95% CI)
P

Value*

Overall 1.22 (1.13-1.32) �.001 1.50 (1.37-1.65) �.001

Age at screening, y
50-54 0.94 (0.72-1.23) 0.94 (0.70-1.27)

55-59 0.98 (0.81-1.18)
�.001

1.09 (0.87-1.36)
�.001

60-69 1.29 (1.15-1.46) 1.74 (1.51-2.00)

70-79 1.44 (1.22-1.70) 1.70 (1.43-2.02)

BMI
Normal (�25) 1.33 (1.13-1.56) 1.68 (1.36-2.08)

Overweight (25 to �30) 1.17 (1.01-1.35) .42 1.63 (1.40-1.91) .06

Obese (	30) 1.20 (1.06-1.37) 1.37 (1.20-1.57)

Smoking
Never 1.31 (1.16-1.47) 1.46 (1.28-1.66)

Past 1.17 (1.03-1.33) .14 1.57 (1.36-1.82) .73

Current 1.02 (0.80-1.30) 1.59 (1.18-2.14)

Duration since menopause, y
�5 0.93 (0.75-1.14) 0.94 (0.63-1.39)

5 to �10 1.10 (0.91-1.33)
�.001

1.63 (1.17-2.26)
.002

10 to �15 1.39 (1.14-1.70) 1.06 (0.80-1.41)

�15 1.37 (1.22-1.55) 1.67 (1.49-1.87)

Hormone use
Never 1.30 (1.18-1.43) 1.50 (1.31-1.71)

Past 1.10 (0.92-1.32) .02 1.53 (1.32-1.78) .76

Current 0.84 (0.60-1.17) 1.45 (1.12-1.88)

Duration of prior hormone use, y
Never 1.30 (1.18-1.43) 1.50 (1.31-1.71)

�5 1.12 (0.93-1.35)
.03

1.55 (1.30-1.84)
.62

5 to �10 0.77 (0.52-1.15) 1.72 (1.25-2.38)

	10 0.91 (0.56-1.50) 1.34 (1.06-1.69)

Diabetes
Absent 1.22 (1.12-1.33)

.98
1.52 (1.38-1.68)

.56
Present 1.21 (0.87-1.69 1.35 (1.02-1.78)

Asthma
Absent 1.23 (1.13-1.34)

.25
1.53 (1.39-1.69)

.21
Present 1.02 (0.74-1.41) 1.24 (0.88-1.74)

Diuretic use
Absent 1.24 (1.14-1.35)

.41
1.52 (1.38-1.69)

.47
Present 1.10 (0.88-1.39) 1.40 (1.12-1.75)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by the square of height in meters;
CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.

*Calculated from logistic regression model.
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est, may have unstable estimates and
therefore were not performed. Fur-
ther research on the effects of differ-
ent estrogen formulations on patho-
physiological changes associated with
UI is needed.

In conclusion, these results from a
large, double-blind, placebo-con-
trolled, randomized clinical trial, con-
ducted in multiple centers with an eth-
nically diverse group of healthy
postmenopausal women, indicate that
MHT use does not confer protection
against any type of UI. On the con-
trary, both CEE alone and CEE � MPA
increased risk of new onset UI among
continent women and worsened the
characteristics of UI among symptom-

atic women. Considerations regard-
ing the use of hormone therapy by post-
menopausal women for any duration
should incorporate the current find-
ings into the established risks and ben-
efits of these agents.
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