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Abstract
The incidence of bladder cancer among women is at least one third to one fourth that observed
among men in many countries. Even after accounting for known risk factors, the reason for this
gender disparity remains unexplained. We conducted a comprehensive evaluation of reproductive
factors and exogenous hormone use with a primary focus on menopausal hormone therapy use and
risk of bladder cancer in women in the NIH-AARP Diet and Health Study. Reproductive and
hormonal factors were ascertained on the baseline questionnaire in 1995–1996 among 201,492
females who were followed until December 31, 2006. During follow-up, 651 cases of bladder
cancer were diagnosed. A subset of women provided detailed information on use of MHT in a
second questionnaire in 1996–1997. In this analysis, 127,361 females were followed through June
30, 2002 and 198 incident bladder cancer cases were identified. Cox proportional hazard models,
adjusted for smoking status, cigarettes per day, and body mass index using age as the time metric,
were used to obtain hazard ratios (HRs). A reduced risk was observed among parous women
(HR=0.76; 95% CI 0.62–0.93) and women who reported late age at menarche (≥15 years)
(HR=0.57; 95% CI 0.39–0.84). Women who reported ever using estrogen and progestin therapy
had a decreased risk (HR=0.53; 95% CI: 0.34–0.83) compared to women who did not report MHT
use. No association was observed for estrogen only users (HR=0.82; 95% CI: 0.58–1.15). Our
results suggest a putative role for sex hormones in the etiology of bladder cancer among women.
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INTRODUCTION
Men have a 3- to 4- fold greater risk for bladder cancer than women (1). Even after
accounting for known risk factors such as cigarette smoking and occupation, the explanation
for the excess bladder cancer in men compared to women living in the United States remains
unresolved (2). Sex steroid hormones have been shown to modify the development and
progression of chemically induced bladder cancer in animal models, with estrogen inhibiting
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or delaying progression and androgen potentiating bladder carcinogenesis(3–6). While these
experimental findings suggest that hormonal differences may account for part of the gender
disparity in humans, the importance of estrogen and progesterone in the development of
bladder carcinogenesis in women remains to be determined.

Several hormonal and reproductive factors have been shown to be associated with bladder
cancer risk in women. Two recent meta-analyses of four cohort and five case-control studies
reported a 30% reduction in risk for bladder cancer among parous women (7;8) and one
meta-analysis reported a significantly elevated risk associated with early age at menopause
(8).

The association between bladder cancer and exogenous hormone use, including menopausal
hormone therapy (MHT), is less clear. Several case-control and cohort studies have
evaluated MHT and bladder cancer risk and found either no association (9;10) or an elevated
association (8;11;12) with a recent meta-analysis reporting evidence of heterogeneity (8).
Three prospective cohort studies, however, have reported differences in bladder cancer risk
by MHT formulation. Combined estrogen and progestin therapy was associated with a 30–
40% reduction in risk of bladder cancer (7;13;14), although only one study was statistically
significant (7). No association was found with estrogen use alone (7;13;14). Additional
research in a large prospective cohort study is needed to evaluate significant differences in
risk of bladder cancer by MHT formulation.

We conducted a comprehensive evaluation of hormonal and reproductive factors with a
primary focus on MHT use and risk of bladder cancer in the NIH-AARP Diet and Health
Study. This large prospective cohort study ascertained MHT use including questions related
to formulation, regimen, duration, and recency of use prior to the release of the findings
from the Women’s Health Initiative showing the health effects of estrogen and progestin
(15). In addition, we stratified our MHT analysis by hysterectomy status, since general
practice guidelines recommend that estrogen be combined with progestin for women who
have an intact uterus in order to avoid endometrial hyperplasia (21). This analysis is the
largest prospective investigation of reproductive factors and bladder cancer risk, with a
detailed evaluation of MHT use and bladder cancer risk.

MATERIALS AND METHODS
Study Design

The NIH-AARP Diet and Health Study is a prospective cohort study of diet and lifestyle
factors initiated in 1995–1996. A baseline questionnaire was sent to 3.5 million AARP
members (50–71 years old) from six US states (CA, FL, LA, NJ, NC, PA) and two
metropolitan areas (Atlanta, GA and Detroit, MI) and was returned by 617,119 individuals
(17.6%), of which 566,399 were considered eligible (16). Exclusions were applied to those
who had questionnaires filled out by proxies (n=15,760), were male (n=325,172), or had a
previous cancer diagnosis (n=23,957), leaving a final baseline study population of 201,492
women. A second questionnaire, which ascertained details of MHT use, was sent in 1996–
1997 to participants who did not have self-reported colon, breast or prostate cancer at
baseline and was completed by 334,906 individuals (62% of those eligible at baseline).
Individuals were excluded if the questionnaire was filled out by proxies (n=10,383), were
male (n=188,116), or had a previous cancer diagnosis (n=9036), leaving 127,361 women for
the second questionnaire population. A third questionnaire was sent out to all living
participants in 2004–2006 and 91,140 women who had completed both the 1996–1997 and
2004 questionnaire (67.6% of 134,842 women on the second questionnaire) were identified
for a sensitivity analysis.
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Assessment of Reproductive factors
Age at menarche, duration of oral contraceptive use, number of live-born children, age at
first birth, age at menopause, reason for menopause, hysterectomy status, oopherectomy
status, and menopausal hormone therapy use were ascertained on the baseline questionnaire.
Demographics, body mass index, smoking status and frequency of cigarette use, and race
were also captured on the baseline questionnaire.

The second questionnaire collected additional information on lifestyle factors, body mass
index at earlier ages, and more detailed information on MHT use. Detailed information on
oral MHT use was ascertained, including ever use, first and last date of use, duration of use
measured in years, frequency of use, and regimen followed. Estrogen pill use and
progesterone/progestin pill use was assessed separately on the 1996–1997 questionnaire, as
the first combined pill of estrogen and progestin was not marketed until 1995 (17).

Separate exposure categories for various formulations of estrogen and progestin use were
created based on reported duration and start and stop dates (18). Due to similar parameter
estimates or small numbers, all estrogen and progestin (EPT) users with known duration
were combined into one exposure category for the main analyses. Women with unknown
duration of either estrogen or progestin were not included in any combined EPT estimate.

A sequential regimen was defined as combined EPT use for fewer than 15 days per cycle.
Continuous estrogen plus progestin regimens were defined as combined estrogen and
progestin use for 15 or more days per cycle.

Bladder cancer ascertainment
Incident cases of primary carcinoma of the urinary bladder including carcinoma in situ
(ICD-0-3:C670-679) were ascertained by record linkage to state cancer registries. The
validation study of cancer ascertainment has shown a high level of ascertainment of incident
cancer cases (≥90%) from cancer registries (19). Cohort participants were followed on an
annual basis for change of address by matching cohort participants with the National Change
of Address database maintained by the U.S. Postal Service. Vital status was ascertained
through periodic linkage of the cohort to the Social Security Administration (SSA) Death
Master File in the United States, follow-up searches of the National Death Index Plus for
participants matched to the SSA Death Master File, cancer registry linkage, questionnaire
responses, and responses to other mailings.

Statistical Methods
Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for the association
of hormonal and reproductive factors and risk of bladder cancer using Cox proportional
hazards models with age as the time metric. Follow-up time started at the age at baseline
questionnaire for all reproductive and hormonal factors except MHT, and ended at the age of
bladder cancer diagnosis or age at censoring. Censoring events were diagnosis of any other
cancer, death, date when individual moved out of cancer ascertainment area, or end of study
(December 31, 2006), whichever occurred first. When estimating HRs for MHT, follow-up
time started at age of the 1996–1997 questionnaire and censoring ended for all women on
June 30, 2002, a date just prior to the publication of the WHI report on the health effects of
MHT(15). The WHI findings caused rapid and widespread cessation of MHT use after July
2002, increasing the likelihood that the MHT use reported by participants on the 1996–1997
questionnaire was not valid after July 2002.

Models were adjusted for smoking status and number of cigarettes smoked per day (never
smoker, former 1–20 cigarettes/day, former 21–40 cigarettes/day, former 41+ cigarettes/day,
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current 1–20 cigarettes/day, current 21–40 cigarettes/day, current 41+ cigarettes/day), as
well as body mass index (18.5-<25 kg/m2, 25-<30 kg/m2, >=30 kg/m2, unclassifiable).
Additional factors including education and race were also evaluated in the multivariate
models, but did not significantly alter the estimates, so they were not included in the final
models. Indicator variables were created for missing values, where appropriate. No variable
was missing more than 5% of the data. Linear trends of bladder cancer risk with increasing
frequency of exposure were evaluated using the Wald chi-square test for the trend variable.

Because the 2004–2006 questionnaire also collected data on MHT use, we conducted a
sensitivity analysis based on a time-varying covariate for MHT recency and duration
(separately for estrogen only use and combined estrogen and progestin use) among the
91,140 women who completed the 1996–1997 and 2004 questionnaires. To allow for a
comparison with the main analysis, follow-up time for the sensitivity analyses continued
until June 30, 2002, with identical censoring as described above.

To evaluate the impact of differences in the women who had responded to the different
questionnaires, we tested for heterogeneity in parameter estimates for MHT use reported on
the 1996–1997 questionnaire among women from the 1996–1997 questionnaire compared to
the subset of women who had completed both the 1996–1997 and 2004–2006 questionnaire
using a 2 df of freedom heterogeneity test. A robust sandwich estimate for the covariance
matrix was applied to account for the correlations between repeated observations in the two
samples.

Risk estimates were calculated overall, and stratified by smoking status because of its
known anti-estrogenic effects (20), by body mass index which serves as an important source
of estrogen for postmenopausal women, and by hysterectomy status at baseline due to the
specific guidelines for MHT formulation use based on hysterectomy status (21). For MHT,
we present the most clinically relevant subgroup by hysterectomy status in the tables.
Heterogeneity across strata was assessed by the likelihood ratio test comparing models with
and without the corresponding interaction term. When we assessed urothelial transitional
cell carcinomas (ICD-O-3 8120, 8120/3, 8122, 8130, 8130/2, 8130/3) (n=188), individuals
diagnosed with other bladder tumors contributed follow-up time as non-cases until their
diagnosis.

We performed a meta-analysis including hazard ratios from our study and the three other
studies to date that have evaluated bladder cancer risk in relation to estrogen and progestin
use separately from estrogen use only (7;13;14). Study-specific HRs were combined using
fixed effects and random effects meta-analytic models. Between study heterogeneity was
tested using the I2 statistic (22). Due to lack of evidence of parameter heterogeneity, we
present results from the fixed effects meta-analytic models.

RESULTS
Among the 201,492 women who completed the baseline questionnaire and were included in
this analysis, 651 incident bladder cancer cases were diagnosed. Demographic factors were
similar between the women who completed the 1995–1996 questionnaire and the women
who completed the 1996–1997 questionnaire (Table I).

We observed a statistically significant inverse association with bladder cancer among parous
compared to nulliparous women (HR=0.76; 95% CI 0.62–0.93) (Table II). No significant
linear trend was observed with increasing number of live-born children (ptrend=0.05).
Compared to nulliparous women, women who reported being ≤ 19 years of age at first birth
had the greatest reduction in risk of bladder cancer, while no statistical difference in risk was
seen among women who reported age at first birth at 25 or older (Ptrend=0.67). No
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significant differences in association among parous women were noted by smoking status
(Pinteraction=0.85).

A small, nonsignificant elevation in risk for bladder cancer was found for women who
reported menopause at 45–49 years of age compared to women who reported menopause at
50–54 years of age, after multivariate adjustment (HR=1.22; 95% CI 0.98–1.50). Similar
associations were observed in analyses restricted to natural menopause. Women who
reported radiation or chemotherapy as the reason for their menopause experienced
statistically significant elevation in risk of bladder cancer (HR=6.85; 95% CI 2.19–21.5)
compared to women who reported natural menopause between 50–54 years of age.

When we stratified by smoking status, no association with early age at natural menopause
and bladder cancer was observed among nonsmoking women (45–49 years HR=1.20; 95%
CI 0.72–2.01). A statistically significant association was observed among former smokers
for women reporting natural menopause at 45–49 years of age (HR=1.44; 95% CI 1.03–
2.01), although no association was seen among current smokers (HR=0.98; 95% CI 0.63–
1.52). Body mass index did not modify the associations with early age at menopause
(Pinteraction ≥0.85) (data not shown).

We observed an inverse association with bladder cancer and later age at menarche
(ptrend=0.03) with the greatest reduction in risk among women who reported menarche at
age 15 or later compared to women who experienced menarche at 10 or younger (HR=0.57;
95% CI 0.39–0.84). No significant associations were observed for duration of oral
contraceptive use or hysterectomy.

EPT
Among the 127,361 women who completed the 1996–1997 questionnaire and were followed
through June 30, 2002, 198 incident bladder cancer cases were identified. Nearly 60% of all
women in the NIH-AARP cohort reported ever having used MHT on the second
questionnaire, with close to 30% reporting ever use of combined estrogen and progestin and
nearly 30% reporting ever use of estrogen alone (Table I). Women who reported use of EPT
were more likely to be younger, Caucasian, have a lower body mass index, and have a
college degree while EPT users were less likely to report a hysterectomy, being a current
smoker, or being postmenopausal compared to non-MHT users. Compared to non-MHT
users, estrogen only users were more likely to report having had a hysterectomy, having a
lower body mass index, and being postmenopausal, younger, and Caucasian.

A statistically significant inverse association was observed for women who reported only
using combined estrogen and progestin therapy (HR=0.59; 95% CI 0.35–0.97) compared to
women who reported no MHT use (Table III). Similar associations were seen with ever EPT
users, once all women who had used EPT, regardless of formulation differences prior to or
after EPT use, were combined (HR=0.53; 95% CI 0.34–0.83) (Table IV). An inverse
association among former and current EPT users was observed, with only former users
reaching statistical significance (HR=0.33; 95% CI 0.16–0.67). A 60% reduction in risk
among women who reported using combined EPT for 10 years or less was observed, while
no significant reduction in risk was seen among women who used for more than 10 years
(HR=0.85; 95% CI (0.47–1.51; Ptrend=0.15). When we combined recency and duration, the
strongest inverse association was seen among EPT users of <10 years, regardless of recency
(former, <10y: HR=0.30; 95% CI: 0.13–0.67; current, <10y: HR=0.49; 95% CI: 0.26–0.93),
although the case numbers among long-term users were too small to draw any meaningful
conclusions (former, ≥10y: HR=0.53; 95% CI: 0.13–2.20; current, ≥10y: HR= 0.91; 95%
CI: 0.49–1.68). Women who followed a continuous EPT regimen had a 50 % reduction in
risk (HR=0.52; 95% CI 0.31–0.89), while an inverse, but not statistically significant,
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association was seen among women who reported sequential EPT regimen use (HR=0.61;
95% CI 0.34–1.10). When we restricted the analysis to urothelial cancers only, we observed
a slightly stronger inverse association with EPT (HR= 0.48; 95% CI: 0.30–0.77).

All inverse associations for women who reported use of EPT and did not report having a
hysterectomy on the baseline questionnaire were consistent or stronger than the overall
estimates, despite smaller numbers. The association between EPT use and bladder cancer
risk was very similar when we restricted the analysis to postmenopausal women only
(HR=0.56; 95% CI 0.36–0.87). No significant interactions were observed with smoking
status or body mass index (all Pinteraction > 0.78) (data not shown).

In the sensitivity analyses that used the time-dependent MHT duration and recency
variables, current EPT users had a significant risk reduction of greater than 50% (HR=0.48;
95% CI 0.23–0.98). The statistically significant inverse association with EPT use for less
than 10 years remained, while the inverse association with longer term EPT use was stronger
than the estimate in the main analysis, but the confidence interval included 1.00 (HR=0.52;
95% CI 0.22–1.22; Ptrend=0.14). No significant heterogeneity between the two samples was
observed for EPT only recency or duration (all Pheterogeneity>0.08).

A 40% reduction in risk for bladder cancer was observed among estrogen and progestin
users in the fixed effects meta-analysis (HR=0.61; 95% CI 0.47–0.78). No significant
heterogeneity was observed between the study-specific HRs overall (Pheterogeneity=0.81)
(Figure I).

Unopposed estrogen
No significant associations with bladder cancer were identified among women who reported
ever use of ET only (HR=0.82; 95%CI 0.58–1.15) or by recency of ET use (ptrend=0.11). No
association was seen with short term use of ET; however, a significant inverse association
was observed for long-term users of ET (HR=0.61; 95% CI 0.38–0.99; Ptrend=0.07) (Table
V). When we combined recency and duration, the inverse association remained among the
long-term users, but was not significant (current ET only, ≥10y: HR= 0.69, 95% CI: 0.43–
1.12).

Associations for recency and duration of estrogen only use among women who reported a
hysterectomy on the baseline questionnaire were closer to the null or no longer statistically
significant. The association between ET use and bladder cancer risk remained unchanged
when we restricted the analysis to postmenopausal women only (HR=0.82; 95% CI 0.58–
1.15). No significant interactions by smoking status or body mass index were identified for
ET only use (all Pinteraction ≥ 0.57). When we restricted the analysis to urothelial cancers
only, we observed no association with ET only use (HR= 0.85; 95% CI: 0.60–1.19).

No significant associations were observed when the time-varying covariates were used to
update recency of ET only use (current ET use: HR=0.72; 95% CI (0.41–1.27) and ET only
duration (ET use 10+ years: HR= 0.85; 95% CI (0.48–1.49), Ptrend = 0.49). When we tested
for differences in parameter estimates based solely on ET exposure reported on the 1996–
1997 questionnaire among women who answered the 1996–1997 questionnaire compared to
those who completed both the 1996–1997 and 2004 questionnaire, no heterogeneity between
the two samples was observed for ET only ever use or recency (all Pheterogeneity>0.72);
however, significant heterogeneity was observed between the two samples for ET duration
and bladder cancer, suggesting the duration associations were not robust (all
Pheterogeneity>0.02).
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No association with bladder cancer risk and estrogen use alone was observed in the fixed
effects meta-analysis (HR=1.03; 95% CI 0.87–1.24). No significant heterogeneity was
observed between the study-specific HRs overall (Pheterogeneity=0.45) (Figure I).

DISCUSSION
We observed a reduced risk of bladder cancer among parous compared to nulliparous
women and among women who reported later age at menarche. An elevated bladder cancer
risk was observed among women who reported menopause at age 45–49 and among women
who reported menopause as a result of radiation or chemotherapy. No associations were
observed for duration of oral contraceptive use or hysterectomy status. We also observed an
inverse association among women who reported EPT use compared to women who reported
no MHT use, while little or no associations were observed among women who reported
using estrogen therapy alone.

Parity has been shown to be inversely associated with bladder cancer risk (7), although not
all studies reported significant results (9;10;13;14), and some studies only found the
reduction in risk among non-smokers (7;23;24). Two recent meta-analyses reported a 30%
reduction in risk overall among parous women with no heterogeneity among study estimates
(7;8). Our findings support the inverse association between parity and bladder cancer. Most
studies, including ours, did not find a trend in risk reduction with increasing number of live-
births. This lack of trend suggests a threshold effect in which the protective mechanism
related to parity is established after the first birth. While several studies have not found an
association between bladder cancer and age at first birth (9;13;14;23;24), our findings, as
well as others (7), suggest risk of bladder cancer may be lowest among women who
experience their first pregnancy at an early age (≤19 years), indicating that the initiating
events or mechanisms that protect against these events may occur early in life. Pregnancy is
associated with dramatic changes in estrogen and progesterone levels; however, how these
changes in sex steroid hormone levels directly influence risk for bladder cancer later in life
remains unclear.

Early age at menopause has been associated with an elevated risk of bladder cancer in
several cohort studies (9;14), although not all elevations were statistically significant (13)
and several studies found no association (7;12;24). While we did find evidence of an
increased risk among women who experienced natural menopause between the ages of 45–
49, no association was found among the women who reported experiencing natural
menopause at the earliest age (≤44years). Since the climacteric period may extend over
several months or years, self-reported age at menopause has been shown to have moderate
validity and reliability (25–28), depending on time since menopause (25;26;28), age (28),
and reason for menopause, with women reporting age at surgical menopause with greater
accuracy than women who experience natural menopause (25;26;28). One study found
women who experience menopause early (<45 years of age) tend to overestimate their age at
menopause (29). Misclassification of self-reported age at menopause could explain our lack
of association with bladder cancer risk among the women who experienced natural
menopause at the earliest age (≤44 years).

In addition to potential misclassification, residual confounding by smoking status should
also be considered as a possible explanation for the association between early age at
menopause and bladder cancer. Women who smoke experience an earlier age at menopause
than women who do not smoke (30). Although the number of women reporting the earliest
age at natural menopause was small in our study, no significant elevation in risk was seen
for ≤ 44years of age or 45–49 years of age among nonsmokers, suggesting the elevation in
risk observed may have been due to residual confounding.
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The elevated bladder cancer risk that we found among women who reported radiation or
chemotherapy as the reason for their menopause has not been reported previously. Although
this finding may be due to chance given the small numbers, the bladder has been shown to
be a radiation-sensitive organ since individuals exposed to radiation are at increased risk for
a second primary bladder cancer (31;32). Moreover, cyclophosphamide, an alkylating agent
used to treat some malignant diseases, has been shown to be associated with a dose-
dependent increase in risk for bladder cancer among cancer survivors (1).

We observed more than a 40% reduction in risk for bladder cancer among women who
reported menarche at 15 years of age or older compared to women who reported menarche
at 10 years or younger. While several studies have observed no association (7;9;13;24), two
studies did report an inverse association with later age compared to earlier age at menarche,
although these associations were not statistically significant (10;14). While chance cannot be
ruled out as an explanation, early exposure to sex hormones may influence events related to
carcinogenesis as similar associations with age at menarche have been observed for lung
cancer (33) and breast cancer (34).

Many epidemiological studies have either not found an association between bladder cancer
and hormone therapy overall (9;10) or reported an elevated association (8;11;12); however,
findings from three recent cohort studies have suggested that risk of bladder cancer may
differ by formulation (7;13;14). All three studies found an inverse association with EPT use,
although only one reported statistically significant results (7). Duration of EPT use,
however, was not presented in either of these papers, probably because small numbers in
these studies precluded a meaningful evaluation. Only one other study reported on duration
of EPT use and no significant trend was observed (7). Our findings are consistent with these
published studies. We found a 40–50% reduction in risk of bladder cancer among women
who reported EPT use in our study and in the meta-analysis, with similar inverse
associations seen among current EPT users in our study. We did not, however, observe an
association with long term users of EPT (10+years). Even in the sensitivity analysis, with
updated recency and duration exposure status, the inverse association was not statistically
significant and no linear trend was identified. If EPT use played a significant role in the
etiology of bladder cancer, we would expect to see the strongest inverse association among
the long-term users. Lack of power due to small numbers or non-differential
misclassification could account for the lack of association among long-term users. Self-
reported ever use of MHT has been shown to be accurate and reliable, although the
reliability decreases for more specific details related to duration, age at starting and stopping
use, and dose (27;35–37). Chance is an unlikely explanation for our findings because of the
consistent inverse association that has been observed between EPT use and bladder cancer
across multiple cohorts. Lastly, a third unidentified confounding factor that is related to
reasons for starting or stopping EPT use and also associated with bladder cancer risk could
have contributed to our overall findings.

No association between bladder cancer risk and estrogen only therapy was observed in any
of the three previous cohorts (7;13;14). Current use of ET was not associated with bladder
cancer (13) (14) and neither was duration of ET use (Ptrend=0.50), although only one
previous study presented findings on duration of ET use (13). Our study results overall and
the meta-analysis found no association between ET use only and bladder cancer risk.
Although we observed an inverse association with long-term ET use, the association was not
consistently replicated by hysterectomy status or in the time-varying model.

The exact mechanisms through which estrogen and progesterone operate to affect bladder
cancer risk over the course of a lifetime remain unknown. While some experimental studies
have shown estrogen can inhibit the development and growth of chemically-induced bladder
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cancer(4;6), other studies have shown increased expression of estrogen receptor-β (ER-β) to
be associated with more aggressive stage and grade (38). Moreover, selective estrogen
receptor modulators, such as tamoxifen and raloxifene, have been shown to reduce
proliferation of bladder cancer cell lines and reduce growth of bladder tumors in vivo
(38;39). Whether progesterone plays an antiestrogenic role in the bladder is not known;
however, its antagonistic effects on estrogen-induced cell proliferation have been described,
particularly as it relates to the endometrium (40;41). Interestingly, PR expression levels have
been shown to be higher among post-menopausal women who report use of MHT compared
to post-menopausal women who do not use MHT (42).

Our study provided a detailed assessment of MHT including an evaluation of MHT by
formulation, regimen, recency, and duration of use. The NIH-AARP study was implemented
at a time when use of MHT was increasing in the United States, particularly among women
over 60 years of age (43). Therefore, a large number of our participants reported exposure to
MHT increasing our power to detect an association. We were able to minimize
misclassification of MHT use over time by incorporating updates of recency and duration
for a large subset of the study participants.

In conclusion, our findings confirm a reduction in risk for bladder cancer among parous
women, women who reported later age at menarche and women who reported use of
combined EPT therapy. Our findings add to the growing body of evidence that formulation
type is an important consideration when evaluating risk for bladder cancer, underscoring the
need for future pooling efforts to more extensively explore the MHT associations for
etiological purposes. In addition, the associations with later age at menarche and ≤19 years
of age at first birth among parous women suggest that early hormonal events may contribute
to the initiation of tumor development. Our findings suggest that sex steroid hormones
throughout a woman’s lifetime may play an etiologic role in the risk of bladder cancer.
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Novelty and impact

The association between bladder cancer risk among women and menopausal hormone
therapy (MHT) may differ by formulation; however, few studies have evaluated this
hypothesis. Our findings confirm and build on the growing body of evidence that
formulation type is an important consideration when evaluating risk for bladder cancer,
underscoring the need for future pooling efforts to more extensively explore the MHT
associations for etiological purposes.
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Figure I.
Forrest plots of meta-analysis results of association between menopausal hormone therapy
and risk of bladder cancer A) estrogen and progestin B) estrogen only

Daugherty et al. Page 14

Int J Cancer. Author manuscript; available in PMC 2014 July 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 15

Ta
bl

e 
I

D
em

og
ra

ph
ic

 f
ac

to
rs

 a
m

on
g 

w
om

en
 o

n 
th

e 
ba

se
lin

e 
qu

es
tio

nn
ai

re
(1

99
5–

19
96

)a
nd

 b
y 

ev
er

 u
se

 o
f 

m
en

op
au

sa
l h

or
m

on
e 

th
er

ap
y 

on
 th

e 
se

co
nd

qu
es

tio
nn

ai
re

(1
99

6–
19

97
),

 N
IH

-A
A

R
P 

D
ie

t a
nd

 H
ea

lth
 S

tu
dy

V
ar

ia
bl

e
19

95
–1

99
6

19
96

–1
99

7

A
ll

A
ll

N
o 

M
H

T
E

st
ro

ge
n

E
P

T
O

th
er

/u
k

C
oh

or
t (

n)
 (

%
)

20
1,

49
2

12
7,

36
1

49
65

7 
(3

9.
0)

35
24

9 
(2

7.
7)

36
49

2 
(2

8.
7)

58
65

 (
4.

6)

C
as

e(
n)

65
1

19
8

96
52

39
10

A
ge

(%
)

<
55

 y
ea

rs
14

.0
11

.3
10

.3
9.

5
14

.3
11

.5

55
–5

9 
ye

ar
s

22
.8

21
.8

17
.0

21
.3

28
.7

23
.0

60
–6

4 
ye

ar
s

28
.2

28
.0

26
.8

28
.5

29
.1

27
.9

65
–6

9 
ye

ar
s

31
.5

32
.0

37
.3

33
.3

23
.6

31
.2

>
=

70
 y

ea
rs

3.
5

6.
9

8.
6

7.
4

4.
2

6.
6

W
hi

te
R

ac
e

89
.4

90
.8

88
.8

91
.3

93
.6

88
.4

B
M

I 
(k

g/
m

2 )
(%

)

18
.5

-<
25

.0
41

.3
42

.8
37

.4
42

.2
50

.9
41

.6

25
 to

<
30

.0
31

.4
31

.4
31

.5
32

.7
29

.7
32

.3

≥ 
30

.0
20

.8
20

.0
23

.8
20

.1
14

.8
19

.8

un
cl

as
si

fi
ab

le
3.

3
3.

1
3.

9
2.

5
2.

4
3.

2

m
is

si
ng

3.
2

2.
8

3.
4

2.
6

2.
2

3.
1

E
du

ca
ti

on
(%

)

11
 y

rs
 o

r 
le

ss
6.

3
5.

3
6.

9
5.

4
2.

6
7.

2

12
 y

ea
rs

 o
r 

hi
gh

 s
ch

oo
l

25
.3

24
.4

29
.4

24
.8

17
.2

24
.5

T
ec

ho
r 

so
m

e 
co

lle
ge

35
.3

35
.7

33
.3

38
.8

36
.0

36
.2

C
ol

le
ge

 o
r 

po
st

 g
ra

du
at

e
29

.7
31

.8
27

.5
27

.8
42

.0
28

.5

m
is

si
ng

3.
4

2.
9

3.
0

3.
1

2.
3

3.
6

Sm
ok

e(
%

)

N
ev

er
43

.5
44

.4
45

.2
44

.6
43

.1
44

.5

Fo
rm

er
38

.7
39

.2
36

.2
39

.3
43

.0
39

.5

C
ur

re
nt

14
.2

13
.3

15
.3

13
.0

10
.8

12
.7

M
is

si
ng

3.
6

3.
2

3.
3

3.
0

3.
1

3.
3

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 16

V
ar

ia
bl

e
19

95
–1

99
6

19
96

–1
99

7

A
ll

A
ll

N
o 

M
H

T
E

st
ro

ge
n

E
P

T
O

th
er

/u
k

H
ys

te
re

ct
om

y 
at

 b
as

el
in

e(
%

)
42

.2
40

.4
21

.0
84

.1
22

.1
55

.3

P
os

tm
en

op
au

sa
l(

%
)

93
.5

93
.5

94
.0

98
.1

88
.6

93
.6

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 17

Ta
bl

e 
II

A
ss

oc
ia

tio
n 

be
tw

ee
n 

ho
rm

on
e 

an
d 

re
pr

od
uc

tiv
e 

fa
ct

or
s 

an
d 

bl
ad

de
r 

ca
nc

er
 r

is
ko

n 
th

e 
ba

se
lin

e 
qu

es
tio

nn
ai

re
 (

19
95

–1
99

6)
, N

IH
-A

A
R

P 
D

ie
t a

nd
 H

ea
lth

St
ud

y,
 1

99
5–

20
06

V
ar

ia
bl

e
C

as
es

P
er

so
ny

ea
rs

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

*
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
**

P
ar

it
y+

N
o

11
0

26
4,

00
9

1.
00

R
ef

1.
00

R
ef

Y
es

52
7

1,
57

8,
88

3
0.

75
0.

61
–0

.9
2

0.
76

0.
62

–0
.9

3

0.
00

8

N
um

be
r 

of
 c

hi
ld

re
n+

N
o 

ch
ild

re
n

11
0

26
4,

00
9

1.
00

R
ef

1.
00

R
ef

1
66

19
4,

77
8

0.
81

0.
60

–1
.1

0
0.

78
0.

58
–1

.0
7

2
14

4
48

7,
16

7
0.

70
0.

54
–0

.8
9

0.
72

0.
56

–0
.9

2

3–
4

24
2

68
6,

29
5

0.
77

0.
61

–0
.9

7
0.

78
0.

62
–0

.9
8

5+
75

21
0,

64
4

0.
72

0.
54

–0
.9

7
0.

73
0.

54
–0

.9
8

P
tr

en
d

0.
05

A
ge

 a
t 

F
ir

st
 B

ir
th

+

N
o 

ch
ild

re
n

11
0

26
4,

00
9

1.
00

R
ef

1.
00

R
ef

<
=

19
87

32
8,

01
8

0.
64

0.
48

–0
.8

4
0.

59
0.

45
–0

.7
8

20
–2

4
27

9
80

8,
36

1
0.

76
0.

61
–0

.9
5

0.
78

0.
62

–0
.9

7

25
–2

9
12

6
32

8,
88

0
0.

83
0.

64
–1

.0
7

0.
89

0.
69

–1
.1

5

30
+

33
10

7,
88

1
0.

66
0.

45
–0

.9
8

0.
72

0.
49

–1
.0

6

P
tr

en
d+

0.
67

A
ge

 a
t 

M
en

op
au

se
+

+
#

<
45

14
1

39
3,

29
3

1.
11

0.
89

–1
.3

8
0.

98
0.

79
–1

.2
2

45
–4

9
16

6
39

1,
93

9
1.

31
1.

06
–1

.6
2

1.
22

0.
98

–1
.5

0

50
–5

4
17

9
55

1,
14

6
1.

00
R

ef
1.

00
R

ef

>
=

55
39

11
9,

62
1

0.
92

0.
65

–1
.3

0
0.

98
0.

69
–1

.3
8

P
tr

en
d

0.
71

R
ea

so
n 

fo
r 

m
en

op
au

se
++

N
at

ur
al

<
45

48
12

0,
18

1
1.

14
0.

83
–1

.5
8

0.
98

0.
71

–1
.3

5

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 18

V
ar

ia
bl

e
C

as
es

P
er

so
ny

ea
rs

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

*
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
**

45
–4

9
12

7
28

2,
84

1
1.

36
1.

08
–1

.7
1

1.
24

0.
98

–1
.5

6

50
–5

4
16

4
49

2,
00

1
1.

00
R

ef
1.

00
R

ef

>
=

55
37

10
8,

79
2

0.
94

0.
65

–1
.3

4
1.

00
0.

70
–1

.4
3

Su
rg

er
y

14
7

45
0,

06
6

0.
99

0.
79

–1
.2

4
0.

95
0.

76
–1

.1
8

M
ed

ic
al

3
1,

10
6

8.
40

2.
68

–2
6.

3
6.

85
2.

19
–2

1.
5

Pr
em

en
op

au
sa

l
10

70
,5

31
0.

92
0.

47
–1

.7
9

0.
99

0.
51

–1
.9

3

U
nk

no
w

n
19

61
,9

97
0.

94
0.

59
–1

.5
1

0.
93

0.
57

–1
.5

1

A
ge

 a
t 

M
en

ar
ch

e

<
=

10
56

12
6,

83
3

1.
00

R
ef

1.
00

R
ef

11
–1

2
26

9
78

2,
23

0
0.

72
0.

54
–0

.9
6

0.
75

0.
56

–1
.0

1

13
–1

4
27

4
77

5,
17

7
0.

72
0.

54
–0

.9
6

0.
77

0.
57

–1
.0

2

>
=

15
47

17
6,

66
2

0.
54

0.
36

–0
.7

9
0.

57
0.

39
–0

.8
4

P
tr

en
d

0.
03

O
ra

l C
on

tr
ac

ep
ti

ve
s

N
o 

O
C

 u
se

41
9

1,
10

8,
24

4
1.

00
R

ef
1.

00
R

ef

1–
4

99
33

0,
70

5
1.

05
0.

84
–1

.3
1

1.
01

0.
81

–1
.2

6

5–
9

69
23

2,
70

1
1.

04
0.

80
–1

.3
4

1.
00

0.
77

–1
.3

0

10
+

56
17

9,
94

5
1.

05
0.

79
–1

.3
9

1.
02

0.
77

–1
.3

6

P
tr

en
d

0.
91

H
ys

te
re

ct
om

y

N
o

38
8

1,
08

5,
07

4
1.

00
R

ef
1.

00
R

ef

Y
es

25
3

76
9,

64
5

0.
89

0.
76

–1
.0

5
0.

90
0.

77
–1

.0
6

* ag
e-

ad
ju

st
ed

**
ad

ju
st

in
g 

fo
r 

ag
e,

 s
m

ok
in

g 
st

at
us

, n
um

be
r 

of
 c

ig
er

at
te

s 
sm

ok
ed

 p
er

 d
ay

, a
nd

 b
od

y 
m

as
s 

in
de

x

+ 14
 c

as
es

 w
er

e 
m

is
si

ng
 in

fo
rm

at
io

n 
on

 p
ar

ity
, 2

 a
dd

iti
on

al
 c

as
es

 w
er

e 
m

is
si

ng
 in

fo
rm

at
io

n 
on

 a
ge

 a
t f

ir
st

 b
ir

th

++
ex

cl
ud

in
g 

96
ca

se
s 

an
d 

31
,3

96
 in

di
vi

du
al

s 
w

ho
 r

ep
or

te
d 

a 
hy

st
er

ec
to

m
y 

w
ith

 in
ta

ct
 o

va
ri

es
 d

ue
 to

 u
nk

no
w

n 
m

en
op

au
sa

l s
ta

tu
s.

# 10
 p

re
m

en
op

au
sa

l c
as

e 
an

d 
20

 c
as

es
 w

ith
 u

nk
no

w
n 

ag
e 

at
 m

en
op

au
se

 n
ot

 s
ho

w
n.

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 19

Ta
bl

e 
III

A
ss

oc
ia

tio
n 

be
tw

ee
n 

bl
ad

de
r 

ca
nc

er
 r

is
k 

an
d 

M
H

T
 f

or
m

ul
at

io
n 

on
 th

e 
se

co
nd

 q
ue

st
io

nn
ai

re
(1

99
6–

19
97

),
 N

IH
-A

A
R

P 
D

ie
t a

nd
 H

ea
lth

 S
tu

dy
, 1

99
6–

20
02

V
ar

ia
bl

e
C

as
es

*
P

er
so

ny
ea

rs
H

az
ar

d 
R

at
io

(9
5%

 C
I)

**
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
**

*

F
or

m
ul

at
io

n 
O

rd
er

+

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
1.

00
(R

ef
)

E
T

52
18

4,
12

0
0.

79
0.

56
–1

.1
1

0.
82

0.
58

–1
.1

5

E
T

-E
PT

4
27

,6
75

0.
40

0.
15

–1
.0

9
0.

42
0.

16
–1

.1
5

E
PT

19
11

7,
21

2
0.

55
0.

33
–0

.9
0

0.
59

0.
35

–0
.9

7

U
K

-s
ta

rt
 f

or
 E

T
 a

nd
/o

r 
PT

13
22

,4
48

1.
61

0.
90

–2
.8

8
1.

70
0.

95
–3

.0
4

U
K

10
30

,5
23

0.
95

0.
50

–1
.8

2
0.

97
0.

50
–1

.8
6

* 3 
bl

ad
de

r 
ca

nc
er

 c
as

es
 d

ev
el

op
ed

 in
 w

om
en

 w
ho

 r
ep

or
te

d 
ot

he
r 

co
m

bi
na

tio
ns

 o
f 

E
PT

, E
T

 o
r 

un
op

po
se

d 
pr

og
es

tin
, 1

 c
as

e 
w

as
 m

is
si

ng
 f

or
m

ul
at

io
n 

da
ta

**
ag

e-
ad

ju
st

ed

**
* ad

ju
st

in
g 

fo
r 

ag
e,

 s
m

ok
in

g 
st

at
us

, n
um

be
r 

of
 c

ig
er

at
te

s 
sm

ok
ed

 p
er

 d
ay

, a
nd

 b
od

y 
m

as
s 

in
de

x

+ M
H

T
=

m
en

op
au

sa
l h

or
m

on
e 

th
er

ap
y;

 E
T

=
es

tr
og

en
 th

er
ap

y;
 E

PT
=

es
tr

og
en

 a
nd

 p
ro

ge
st

in
 th

er
ap

y;
 P

T
=

pr
og

es
tin

 th
er

ap
y;

 U
K

=
un

kn
ow

n

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 20

Ta
bl

e 
IV

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
ri

sk
 o

f 
bl

ad
de

r 
ca

nc
er

 a
nd

 c
om

bi
ne

d 
es

tr
og

en
 a

nd
 p

ro
ge

st
in

 th
er

ap
y 

(E
PT

) 
us

e 
re

po
rt

ed
 o

n 
th

e 
se

co
nd

 q
ue

st
io

nn
ai

re
(1

99
6–

19
97

)
am

on
g 

w
om

en
 o

ve
ra

ll 
an

d 
w

ith
ou

t h
ys

te
re

ct
om

y,
 N

IH
-A

A
R

P 
D

ie
t a

nd
 H

ea
lth

 S
tu

dy
, 1

99
6–

20
02

V
ar

ia
bl

e+
C

as
e

P
er

so
ny

ea
rs

O
ve

ra
ll*

C
as

e
P

er
so

ny
ea

rs
N

o 
hy

st
er

ec
to

m
y*

E
P

T
 u

se

N
o

96
25

8,
67

7
1.

00
(R

ef
)

79
20

0,
17

4
1.

00
(R

ef
)

Y
es

26
16

7,
73

4
0.

53
0.

34
–0

.8
3

21
13

2,
84

7
0.

51
0.

31
–0

.8
4

R
ec

en
cy

 o
f 

E
P

T
 u

se
**

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
79

20
0,

17
4

1.
00

(R
ef

)

Fo
rm

er
5

56
,1

32
0.

33
0.

16
–0

.6
7

2
26

,1
02

0.
35

0.
14

–0
.8

5

C
ur

re
nt

20
11

0,
25

8
0.

65
0.

40
–1

.0
4

18
10

5,
74

9
0.

56
0.

34
–0

.9
4

0.
04

0.
02

D
ur

at
io

n 
of

 E
P

T
 u

se

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
79

20
0,

17
4

1.
00

(R
ef

)

<
10

15
12

7,
98

6
0.

41
0.

24
–0

.6
9

12
99

,8
31

0.
43

0.
24

–0
.7

6

10
+

11
39

,0
01

0.
85

0.
47

–1
.5

1
9

32
,7

28
0.

71
0.

37
–1

.3
8

P t
re

nd
0.

15
0.

09

E
P

T
 R

eg
im

en
**

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
79

20
0,

17
4

1.
00

(R
ef

)

Se
qu

en
tia

l
11

62
,6

63
0.

61
0.

34
–1

.1
0

8
48

,3
91

0.
62

0.
32

–1
.1

9

C
on

tin
uo

us
14

91
,5

12
0.

52
0.

31
–0

.8
9

12
76

,7
64

0.
48

0.
26

–0
.8

6

+ E
PT

=
es

tr
og

en
 a

nd
 p

ro
ge

st
in

 th
er

ap
y 

; M
H

T
=

m
en

op
au

sa
l h

or
m

on
e 

th
er

ap
y

* ad
ju

st
in

g 
fo

r 
ag

e,
 s

m
ok

in
g 

st
at

us
, n

um
be

r 
of

 c
ig

er
at

te
s 

sm
ok

ed
 p

er
 d

ay
, a

nd
 b

od
y 

m
as

s 
in

de
x

**
1 

ca
se

 is
 m

is
si

ng
 d

at
a 

on
 E

PT
 r

ec
en

cy
 a

nd
 r

eg
im

en

Int J Cancer. Author manuscript; available in PMC 2014 July 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Daugherty et al. Page 21

Ta
bl

e 
V

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
ri

sk
 o

f 
bl

ad
de

r 
ca

nc
er

 a
nd

 e
st

ro
ge

n 
on

ly
 u

se
 r

ep
or

te
d 

on
 th

e 
se

co
nd

 q
ue

st
io

nn
ai

re
(1

99
6–

19
97

)a
m

on
g 

w
om

en
 o

ve
ra

ll 
an

d 
w

ith
hy

st
er

ec
to

m
y,

 N
IH

-A
A

R
P 

D
ie

t a
nd

 H
ea

lth
 S

tu
dy

, 1
99

6–
20

02
*

V
ar

ia
bl

e+
C

as
e

P
er

so
ny

ea
rs

O
ve

ra
ll

C
as

e
P

er
so

ny
ea

rs
H

ys
te

re
ct

om
y

E
ve

r 
E

T

N
o

96
25

8,
67

7
1.

00
(R

ef
)

16
54

,7
27

1.
00

(R
ef

)

Y
es

52
18

4,
12

0
0.

82
0.

58
–1

.1
5

41
15

5,
05

9
0.

98
0.

55
–1

.7
6

R
ec

en
cy

 o
f 

E
T

 u
se

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
16

54
,7

27
1.

00
(R

ef
)

Fo
rm

er
23

50
,7

42
1.

14
0.

72
–1

.8
0

14
32

,6
86

1.
45

0.
71

–2
.9

8

C
ur

re
nt

29
13

1,
28

9
0.

68
0.

45
–1

.0
3

27
12

1,
00

2
0.

84
0.

45
–1

.5
8

0.
11

0.
47

D
ur

at
io

n 
of

 E
T

 u
se

N
o 

M
H

T
96

25
8,

67
7

1.
00

(R
ef

)
16

54
,7

27
1.

00
(R

ef
)

<
10

32
91

,3
91

1.
07

0.
71

–1
.6

0
22

67
,1

31
1.

38
0.

72
–2

.6
6

10
+

20
90

,7
76

0.
61

0.
38

–0
.9

9
19

86
,5

19
0.

75
0.

38
–1

.4
6

P t
re

nd
0.

07
0.

45

* ad
ju

st
in

g 
fo

r 
ag

e,
 s

m
ok

in
g 

st
at

us
, n

um
be

r 
of

 c
ig

ar
et

te
s 

sm
ok

ed
 p

er
 d

ay
, a

nd
 b

od
y 

m
as

s 
in

de
x

+ E
T

=
es

tr
og

en
 th

er
ap

y;
 M

H
T

=
m

en
op

au
sa

l h
or

m
on

e 
th

er
ap

y

Int J Cancer. Author manuscript; available in PMC 2014 July 15.


