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MORE THAN 350 000 INDI-
viduals are diagnosed
with incident bladder
cancer per year world-

wide,1 including more than 70 000 per
year in the United States.2 In data from
Surveillance, Epidemiology, and End
Results Program, incidence rates in
white individuals aged 50 years or more
have remained stable during the past 30
years (1976-2006), from 123.8 per
100 000 person-years to 142.2 per
100 000 person-years in men and from
32.5 per 100 000 person-years to 33.2
per 100 000 person-years in women;
similar patterns are observed in other
ethnic and racial groups.3

Tobacco smoking is the best estab-
lished risk factor for bladder cancer in
both men and women.4,5 Although rates
of bladder cancer have remained stable
during the past 30 years, prevalence of
cigarette smoking in the United States
has substantially decreased during the
same period.6

Typically, risk estimates for current
smokers have been approximately 3 in
previous studies.5,7 However, the com-
position of cigarettes has changed
during the past 50 years, leading to a
reduction in tar and nicotine concen-
trations in cigarette smoke,8 but also to
an apparent increase in the concentra-
tion of specific carcinogens, including
�-napthylamine, a known bladder car-
cinogen, and tobacco-specific nitrosa-
mines.9 Concurrent with these changes

in the constituents of cigarette smoke,
epidemiological studies have ob-
served higher relative risks associated
with cigarette smoking for lung can-
cer.10 A recent article from the New En-
gland Bladder Cancer Study,11 a large
population-based case-control study,
suggests that the strength of the ciga-
rette smoking−bladder cancer associa-
tion may also have increased. In this
article, the authors compared the odds
ratio (OR) for current smokers rela-
tive to never smokers in 3 similar popu-

lation-based case-control studies per-
formed in New Hampshire in 1994-
1998, 1998-2001, and 2001-2004.
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Context Previous studies indicate that the population attributable risk (PAR) of blad-
der cancer for tobacco smoking is 50% to 65% in men and 20% to 30% in women
and that current cigarette smoking triples bladder cancer risk relative to never smok-
ing. During the last 30 years, incidence rates have remained stable in the United States
in men (123.8 per 100 000 person-years to 142.2 per 100 000 person-years) and women
(32.5 per 100 000 person-years to 33.2 per 100 000 person-years); however, chang-
ing smoking prevalence and cigarette composition warrant revisiting risk estimates for
smoking and bladder cancer.

Objective To evaluate the association between tobacco smoking and bladder cancer.

Design, Setting, and Participants Men (n=281 394) and women (n=186 134)
of the National Institutes of Health-AARP (NIH-AARP) Diet and Health Study cohort
completed a lifestyle questionnaire and were followed up between October 25, 1995,
and December 31, 2006. Previous prospective cohort studies of smoking and incident
bladder cancer were identified by systematic review and relative risks were estimated
from fixed-effects models with heterogeneity assessed by the I2 statistic.

Main Outcome Measures Hazard ratios (HRs), PARs, and number needed to harm
(NNH).

Results During 4 518 941 person-years of follow-up, incident bladder cancer oc-
curred in 3896 men (144.0 per 100 000 person-years) and 627 women (34.5 per 100 000
person-years). Former smokers (119.8 per 100 000 person-years; HR, 2.22; 95% con-
fidence interval [CI], 2.03-2.44; NNH, 1250) and current smokers (177.3 per 100 000
person-years; HR, 4.06; 95% CI, 3.66-4.50; NNH, 727) had higher risks of bladder
cancer than never smokers (39.8 per 100 000 person-years). In contrast, the sum-
mary risk estimate for current smoking in 7 previous studies (initiated between 1963
and 1987) was 2.94 (95% CI, 2.45-3.54; I2=0.0%). The PAR for ever smoking in our
study was 0.50 (95% CI, 0.45-0.54) in men and 0.52 (95% CI, 0.45-0.59) in women.

Conclusion Compared with a pooled estimate of US data from cohorts initiated be-
tween 1963 and 1987, relative risks for smoking in the more recent NIH-AARP Diet
and Health Study cohort were higher, with PARs for women comparable with those
for men.
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During the course of the 3 studies, the
OR associated with current smoking in-
creased from 2.9 (95% confidence in-
terval [CI], 2.0-4.2) to 4.2 (95% CI, 2.8-
6.3) to 5.5 (95% CI, 3.5-8.9). These
provocative results suggest that chang-
ing cigarette composition over time may
be associated with increased bladder
cancer risk, analogous to results pre-
viously documented for lung cancer.
Stronger associations between smok-
ing and bladder cancer could poten-
tially offset the decreased prevalence of
smoking in the US population and con-
tribute to the stability of the bladder
cancer incidence rates during the past
30 years. However, these findings need
replication, particularly in prospec-
tive cohort studies.

Population attributable risks (PARs)
for tobacco smoking have been esti-
mated to be 50% to 65% in men and
20% to 30% in women.5,12-15 However,
these estimates were based on studies
conducted in populations during peri-
ods in which the prevalence of smok-
ing was higher in men than in women.
Currently, in the United States and in
many other countries, the prevalence
of smoking is similar in men and
women.16,17

Our goal was to estimate the strength
of the association between tobacco
smoking and bladder cancer and the
PARs for smoking among men and
women in the large, prospective Na-
tional Institutes of Health-AARP (NIH-
AARP) Diet and Health Study, initi-
ated October 25, 1995, with follow-up
through December 31, 2006.

METHODS
The NIH-AARP Diet and Health Study
has been described previously.18 Briefly,
a questionnaire was mailed between
1995 and 1996 to 3.5 million AARP
members aged 50 to 71 years who re-
sided in 8 states (California, Florida,
Georgia, Louisiana, Michigan, New Jer-
sey, North Carolina, and Pennsylva-
nia). Of 617 119 returned question-
naires, 566 401 were completed in
satisfactory detail. The NIH-AARP Diet
and Health Study was reviewed and ap-
proved by the Special Studies Institu-

tional Review Board of the US Na-
tional Cancer Institute, and all
participants gave written informed con-
sent by virtue of completing and re-
turning the questionnaire.

Cohort Follow-up

Addresses for cohort members were up-
dated annually in response to partici-
pant change of address requests and by
matching cohort participants to the US
Post Office National Change of Ad-
dress database. Vital status was ob-
tained by linkage to the Social Secu-
rity Administration Death Master File
and response to mailings. Follow-up
time started the date the question-
naire was returned (beginning Octo-
ber 25, 1995) and accumulated until di-
agnosis of bladder cancer, a move out
of the catchment area, date of death, or
December 31, 2006, whichever came
first.

Identification of Bladder Cancers

We identified incident bladder can-
cers by linking the NIH-AARP Diet and
Health Study cohort with the cancer
registry databases of 10 states (8 base-
line states, plus Arizona and Texas). In
a validation study, this approach iden-
tified approximately 90% of cancers.19

Bladder cancer cases had an Interna-
tional Classification of Diseases for On-
cology (ICD-O)20 site code of C67.0-
C67.9 and a transitional cell (urothelial)
morphology (ICD codes 8120, 8122,
8123, or 8130).

Exposure Assessment

The baseline questionnaire assessed to-
bacco use, alcohol intake, demograph-
ics, physical activity, and intake of 124
food items. Race/ethnicity (non-
Hispanic white, non-Hispanic black,
Hispanic, and Asian, Pacific Islander,
or Native American) was assessed by
self-report and was collected to study
whether the association of cancer risk
factors differed by racial or ethnic
group. Assessment of tobacco use via
questionnaire has shown high repro-
ducibility (r=0.94) and validity (r=0.92
for women and r=0.90 for men, rela-
tive to serum cotinine levels) in previ-

ous methodological studies.21,22 Partici-
pants were considered ever cigarette
smokers if they had smoked more than
100 cigarettes during their lifetimes. In
responding to the questionnaire, ever
smokers recorded their typical ciga-
rette smoking intensity using 6 catego-
ries of cigarettes per day (1-10, 11-20,
21-30, 31-40, 41-60, and �61); former
smokers reported years of smoking ces-
sation using 4 categories (stopped
within the last year, stopped 1-4 years
ago, stopped 5-9 years ago, and stopped
�10 years ago). We considered those
participants who had quit more than 1
year before baseline as former ciga-
rette smokers. A separate question as-
sessed whether participants had regu-
larly smoked pipes or cigars for 1 year
or longer.

Statistical Methods

We completed all NIH-AARP Diet and
Health Study analyses using SAS ver-
sion 9.1 (SAS Institute Inc, Cary, North
Carolina), with a 2-sided significance
level of P� .05. We calculated age-
standardized incidence rates and 95%
CIs using 5-year age bands standard-
ized to the entire NIH-AARP Diet and
Health Study population.23 The num-
ber needed to harm (NNH) was calcu-
lated from age-standardized incidence
rates.

For relative risks, hazard ratios (HRs)
and 95% CIs were calculated using Cox
proportional hazards regression mod-
els.24 Risk estimates were adjusted for
age, education, ethnicity, and pipe or
cigar use. Additional adjustment for
other possible confounders (alcohol, as-
pirin and ibuprofen nonsteroidal anti-
inflammatory drugs, body mass index
[calculated as weight in kilograms di-
vided by height in meters squared],
physical activity, self-reported health,
intake of fruit, vegetables, or meat, or
total energy) did not alter risk esti-
mates. For the less than 3% of the co-
hort that was missing data for a par-
ticular covariate, a separate indicator
variable for missing was included in the
models.

We tested the proportional hazards
assumption by including an interac-
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tion term for follow-up time and ciga-
rette use in the Cox proportional haz-
ards regression models and found no
statistically significant deviations.

Linear trend tests across categories
of cigarette smoking were conducted by
assigning participants their appropri-
ate category of cigarette smoking and
entering this variable as a continuous
term in the regression model. P values
were then obtained from the Wald test.

We used the method of Bruzzi et al25

to calculate PARs from multivariate-
adjusted � coefficients for ever smok-
ing. The � method was used to esti-
mate the variance in order to estimate
the 95% CIs for the PAR estimates.26

Systematic Review of Previous
Prospective Cohort Studies

We identified previous US prospec-
tive cohort studies that assessed ciga-
rette smoking at baseline and exam-
ined the association of current smoking
with subsequent bladder cancer inci-
dence by using the following search
terms in PubMed and EMBASE ([to-
bacco or smok* or cig*] and [cancer or
carcinoma or neoplas*] and [bladder or
urinary tract or urolog* or urothelial]
and [cohort or prospective]) (eFigure,
available at http://www.jama.com). Our
search was performed on June 28, 2011,
and included all publications in the da-
tabases published until then. We did not
restrict our search by language. After
excluding duplicates, our search yielded
843 articles. Titles and abstracts were
reviewed and then we excluded stud-
ies conducted in populations outside of
the United States or that lacked data on
incident bladder cancer, resulting in 60
studies. We reviewed all 60 published
manuscripts, excluding 1 published ab-
stract, studies conducted outside the
United States, reviews, cross-sectional
studies, studies of bladder cancer mor-
tality, studies with overlapping re-
sults, and studies lacking risk esti-
mates for current vs never smoking.
After these exclusions, 6 publications
remained that provided data from 7 co-
horts. No further publications were
identified upon reviewing the refer-
ences of these 6 remaining articles. We

did not assess study quality and in-
stead chose to include all identified
studies in our meta-analysis.

From each article, we extracted data
on the authors and year of publica-
tion, cohort name, participant sex,
mean age, number of never smoking
cases and cohort participants, number
of current smoking cases and cohort
participants, typical amount of ciga-
rettes smoked per day among current
smokers, and the relative risk for cur-
rent, relative to never, smoking. We ex-
tracted maximally adjusted risk esti-
mates. In studies that lacked 1 or more
extraction variables, we sought this data
in previous cohort publications. We did
not contact study authors. Two co-
authors (N.D.F. and C.C.A.) reviewed
each publication to ensure that the data
extraction was accurate.

We used Stata version 11.0 (Stata-
Corp LP, College Station, Texas) to per-
form meta-analysis. Heterogeneity be-
tween studies was assessed by the I2

statistic and the Cochran Q test.27 Sum-
mary relative risks and 95% CIs were
calculated using fixed-effects models
(Mantel-Haenszel method). We exam-
ined possible publication bias using
both Begg and Mazudmar P value for
rank correlation28 and Egger weighted
regression method.29

Additional analyses were per-
formed including data from previ-
ously published studies together with
NIH-AARP Diet and Health Study. Pos-
sible heterogeneity across studies was
examined using the I2 statistic and the
Cochran Q test.

RESULTS
Participants with cancer (except non-
melanoma skin cancer) at baseline
(n = 51 234), proxy respondents
(n=15 760), those participants who
died or who were diagnosed with can-
cer on the first day of follow-up (n=13),
or those participants who failed to pro-
vide information about cigarette use
(n = 19 329) or cigar and pipe use
(n=12 537) were excluded, resulting in
an analytic cohort of 281 394 men and
186 134 women. Men and women en-
tered the study at similar ages, but men

had more formal education, drank more
alcohol, ate less fruit and vegetables,
were more likely to have ever smoked
cigarettes, pipes, or cigars, and to have
smoked more than 40 cigarettes per day
than women. However, a higher pro-
portion of women than men were cur-
rent smokers. The median age of smok-
ing initiation was 17 years in the subset
of the cohort (118 557 men and 72 030
women) who returned a follow-up
questionnaire between October 7, 2004,
and December 30, 2004 (TABLE 1).

During the course of 4 518 941 per-
son-years of follow-up, 3896 men and
627 women were newly diagnosed with
bladder cancer. Overall incidence rates
were 144.0 per 100 000 person-years
(95% CI, 139.4-148.5) in men and 34.5
per 100 000 person-years (95% CI,
31.8-37.3) in women. Cigarette smok-
ing was a strong risk factor for bladder
cancer in both sexes (TABLE 2). Rela-
tive to never smokers (69.8 per 100 000
person-years in men and 16.1 per
100 000 person-years in women), for-
mer and current smokers had in-
creased risk of bladder cancer in both
men (former smokers, 154.6 per
100 000 person-years; adjusted HR,
2.14; 95% CI, 1.92-2.37; NNH, 1179;
and current smokers, 276.4 per 100 000
person-years; adjusted HR, 3.89; 95%
CI, 3.46-4.37; NNH, 484) and women
(former smokers, 40.7 per 100 000 per-
son-years; adjusted HR, 2.52; 95% CI,
2.05-3.10; NNH, 4065; and current
smokers, 73.6 per 100 000 person-
years; adjusted HR, 4.65; 95% CI, 3.73-
5.79; NNH, 1739). The combined risk
estimates including both sexes were
2.22 (95% CI, 2.03-2.44) for former
smokers (119.8 per 100 000 person-
years; NNH, 1250; 95% CI, 1171-
1343) and 4.06 (95% CI, 3.66-4.50) for
current smokers (177.3 per 100 000
person-years; NNH, 727; 95% CI, 671-
794) relative to never smokers (39.8 per
100 000 person-years).

As in previous studies, smoking ces-
sation was associated with reduced
bladder cancer risk in both sexes. Par-
ticipants who quit 10 years or more be-
fore baseline had lower incidence rates
of bladder cancer than those who quit
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1 to 4 years or 5 to 9 years before base-
line. Nevertheless, relative to never
smokers, relative risks remained in-
creased for men and women who quit
even 10 years or more before baseline.
In never users of cigarettes, pipe and ci-
gar use was also associated with in-
creased risk of bladder cancer in men

(HR, 1.29; 95% CI, 1.07-1.56; 92.5 per
100 000 person-years) relative to non-
users (69.8 per 100 000 person-years;
NNH, 4405). Too few women in the co-
hort smoked pipes or cigars to be ana-
lyzed.

Overall, men had 3.71 (95% CI, 3.39-
4.06; 144.0 per 100 000 person-years

vs 34.5 per 100 000 person-years) times
the risk of women for bladder cancer
(TABLE 3). Among stratum of ciga-
rette smoking, risks for men relative to
women ranged from 1.99 to 6.62. In-
creased rates persisted in never smok-
ers in which men (69.8 per 100 000 per-
son-years) had 4.07 (95% CI, 3.34-
4.97) times the bladder cancer risk of
women who never smoked (16.1 per
100 000 person-years).

The PAR for ever smoking in the
NIH-AARP Diet and Health Study was
similar in men (0.50; 95% CI, 0.45-
0.54) and women (0.52; 95% CI, 0.45-
0.59).

We then performed a systematic re-
view and meta-analysis of previously
published US prospective cohort stud-
ies of current cigarette smoking and in-
cident bladder cancer (eFigure). We
identified data from the 7 cohorts
(TABLE 4). In these cohorts initiated be-
tween 1963 and 1987, the summary risk
estimate was 2.94 (95% CI, 2.45-3.54)
with an I2 of 0.0% and the Cochran Q
test P value for between-study hetero-
geneity was .554. We observed no evi-
dence for publication bias by either Eg-
ger weighted regression (P=.32) or Begg
and Mazumdar rank correlation method
(P=.29).

Addition of risk estimates from the
NIH-AARP Diet and Health Study to the
meta-analysis increased the summary
risk estimate to 3.75 (95% CI, 3.43-
4.10) and increased the I2 to 48.7%,
such that the Cochran Q test P value
for between-study heterogeneity be-
came statistically significant (P=.049).

COMMENT
In the NIH-AARP prospective cohort
study, cigarette smoking was strongly
associated with bladder cancer risk in
both men and women, and ever smok-
ing explained a similar proportion of
bladder cancer in both sexes, with PARs
of 50% in men and 52% in women.

With follow-up occurring between
October 25, 1995, and December 31,
2006, current smoking was associated
with a relative risk of 4.06 (95% CI,
3.66-4.50) in men and women com-
bined. This risk estimate for current

Table 1. Characteristics of the National Institutes of Health-AARP Diet and Health Study
Cohort by Sexa

Characteristics

No. (%) of Participants

Men
(n = 281 394)

Women
(n = 186 134)

No. of bladder cancers 3896 627

Age at entry into the cohort, median (IQR), y 62.7 (57.8-66.7) 62.3 (57.5-66.4)

Alcohol intake, drinks per d
0 57 680 (20.6) 54 236 (29.3)

�1 139 843 (49.8) 107 021 (57.7)

1-3 51 900 (18.5) 19 044 (10.3)

�3 31 149 (11.1) 5152 (2.8)

BMI, median (IQR) 26.6 (24.4-29.4) 25.8 (22.9-29.6)

Education
�High school 16 274 (5.9) 11 403 (6.3)

12 y (completed high school) 43 866 (16.0) 47 402 (26.3)

Some post–high school training 89 046 (32.4) 66 284 (36.7)

Completed college 60 812 (22.2) 27 465 (15.2)

Completed graduate school 64 447 (23.5) 27 852 (15.4)

Race/ethnicity
Non-Hispanic white 260 903 (93.7) 166 590 (90.7)

Non-Hispanic black 7605 (2.7) 10 573 (5.8)

Hispanic 5319 (1.9) 3537 (1.9)

Asian, Pacific Islander, or Native American 4777 (1.7) 2941 (1.6)

Consumption, median (IQR), servings per d
Fruit 1.3 (0.8-2.1) 1.7 (1.0-2.5)

Vegetable 1.9 (1.4-2.5) 2.2 (1.6-3.1)

Total daily energy intake, median (IQR), kcal 1870 (1435-2428) 1461 (1119-1898)

Cigarette smoking statusb

Never 84 052 (29.9) 82 102 (44.1)

Former 161 435 (57.4) 72 086 (38.7)

Current 35 907 (12.8) 31 946 (17.2)

Usual No. of cigarettes smoked per d (current and former)
1-10 39 353 (14.0) 37 388 (20.1)

11-20 62 773 (22.3) 35 362 (19.0)

21-30 42 664 (15.2) 17 177 (9.2)

31-40 28 760 (10.2) 8883 (4.8)

�40 23 792 (8.5) 5222 (2.8)

Age started smoking, median (IQR), yc 17 (13-22) 17 (17-22)

Years since quitting smoking (among former smokers)
Stopped �10 y ago 128 542 (45.7) 50 583 (27.2)

Stopped 5-9 y ago 21 224 (7.5) 13 195 (7.1)

Stopped 1-4 y ago 11 669 (4.2) 8308 (4.5)

Ever regularly smoked pipes or cigars (yes) 81 056 (28.8) 802 (0.4)
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; IQR, inter-

quartile range.
aData may not add up to total 467 528 persons because of missing data.
bSee “Methods” section for definitions of cigarette smoking status.
c Available for a subset of the cohort, 118 557 men and 72 030 women who returned a follow-up questionnaire

in 2004.
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smoking is broadly similar to those es-
timates observed in New Hampshire
case-control data for cases diagnosed in
1998-2001 and 2002-2004 and higher
than those for cases diagnosed in 1994-
1998. The 1994-1998 cases had an OR
of 2.9 (95% CI, 2.0-4.2), whereas the
cases diagnosed in 1998-2001 had an
OR of 4.2 (95% CI, 2.8-6.3), and the
cases diagnosed in 2002-2004 had an
OR of 5.5 (95% CI, 3.5-8.9).11 Previ-
ously published US prospective co-
hort studies of cigarette smoking and
incident bladder cancer risk in men and
women were initiated between 1963

and 1987. The summary estimate from
these 7 cohorts was 2.94 (95% CI, 2.45-
3.54), which is significantly lower than
that observed in our study. These ob-
servations parallel those previously re-
ported for lung cancer in which changes
in cigarette design have been linked to
stronger associations with cigarette
smoking.10 Changes in the constitu-
ents of cigarette smoke, including ap-
parent increased concentrations of
�-napthylamine, a known bladder
carcinogen, and tobacco-specific nitro-
samines,9 may have strengthened the
cigarette smoking−bladder cancer as-

sociation as well. Another potential ex-
planation is the increased awareness of
bladder cancer risk in smokers, which
may prompt earlier diagnostic workup.
Alternatively, differences between our
study and past studies could have been
due to chance, although a recently pub-
lished meeting abstract from the VITa-
mins And Lifestyle Study (VITAL) also
indicated an HR of 4.0 (95% CI, 2.9-
5.8) for current smoking vs never smok-
ing for incident bladder cancer.45

Although our data suggest that the
association of cigarette smoking with
bladder cancer has strengthened, inci-

Table 2. Incidence Rates and Adjusted HRs for Cigarette Smoking and Bladder Cancer by Sex

Category

Men Women

Person-
Years No.

Age-Standardized
Incidence Rates

per 100 000
Person-Years

(95% CI)

Multivariate-
Adjusted HR

(95% CI)a
Person-
Years No.

Age-Standardized
Incidence Rates

per 100 000
Person-Years

(95% CI)

Multivariate-
Adjusted HR

(95% CI)a

Never smoked cigarettes,
pipes, or cigars

677 607 461 69.8
(63.4-76.1)

1.00 [Reference] 821 064 133 16.1
(13.4-18.8)

1.00 [Reference]

Never smoked cigarettes
but smoked pipes
or cigars

148 810 143 92.5
(77.3-107.7)

1.29
(1.07-1.56)

635 0 NA NA

Former smoker (overall)b 1 540 789 2483 154.6
(148.5-160.7)

2.14
(1.92-2.37)

70 595 288 40.7
(36.0-45.5)

2.52
(2.05-3.10)

Stopped �10 y ago 1 237 120 1850 140.2
(133.8-146.7)

1.93
(1.73-2.14)

499 493 171 33.6
(28.6-38.6)

2.08
(1.65-2.61)

Stopped 5-9 y ago 197 325 394 206.9
(186.4-227.4)

2.85
(2.49-3.27)

127 140 69 55.7
(42.5-68.9)

3.49
(2.61-4.67)

Stopped 1-4 y ago 106 344 239 243.3
(212.2-274.4)

3.32
(2.84-3.89)

79 292 48 65.2
(46.7-83.7)

3.97
(2.85-5.53)

1-10 cigarettes/d 314 144 309 96.6
(85.8-107.3)

1.33
(1.15-1.55)

273 297 80 29.4
(22.9-35.8)

1.80
(1.36-2.38)

11-20 cigarettes/d 476 611 709 142.3
(131.8-152.8)

1.90
(1.68-2.15)

214 073 88 41.2
(32.6-49.8)

2.50
(1.91-3.27)

21-30 cigarettes/d 324 709 596 180.4
(165.9-194.9)

2.40
(2.11-2.72)

110 881 66 61.1
(46.3-75.9)

3.75
(2.78-5.04)

31-40 cigarettes/d 222 928 448 197.4
(179.1-215.7)

2.62
(2.29-2.99)

63 451 29 46.8
(29.7-63.9)

2.86
(1.91-4.28)

�40 cigarettes/d 202 397 421 205.7
(186.1-225.4)

2.71
(2.36-3.10)

44 223 25 60.4
(36.6-84.3)

3.65
(2.38-5.60)

Current smoker (overall)b 323 114 809 276.4
(256.9-295.8)

3.89
(3.46-4.37)

300 996 206 73.6
(63.4-83.8)

4.65
(3.73-5.79)

1-10 cigarettes/d 66 437 131 204.5
(169.4-239.6)

3.11
(2.54-3.80)

94 120 53 58.3
(42.5-74.0)

3.81
(2.76-5.25)

11-20 cigarettes/d 120 202 319 281.9
(250.7-313.1)

4.14
(3.56-4.81)

127 433 88 72.2
(57.0-87.4)

4.78
(3.64-6.27)

21-30 cigarettes/d 75 950 204 295.4
(253.9-336.8)

4.34
(3.66-5.16)

53 174 44 88.6
(62.0-115.2)

5.93
(4.20-8.37)

31-40 cigarettes/d 43 407 113 283.1
(228.6-337.6)

4.33
(3.50-5.35)

20 666 17 98.3
(49.3-147.3)

6.02
(3.62-9.99)

�40 cigarettes/d 17 118 42 271.5
(185.3-357.7)

4.14
(3.00-5.70)

5605 4 66.4
(0-132.9)

5.19
(1.92-14.05)

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not applicable.
aAdjusted for age, education, ethnicity, and pipe and cigar use.
bLinear trend tests across categories of cigarette smoking were conducted by assigning participants their appropriate category of cigarette smoking and entering this variable as a con-

tinuous term in the regression model. P values were then obtained from the Wald test. All P values for the test of trend were less than .0001.
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dence rates have stayed largely con-
stant during this same period. How-
ever, cigarette composition is just one
of the smoking-related changes occur-

ring during this time. Substantial re-
ductions in the prevalence of cigarette
smoking have also occurred.17 Our re-
sults, and those of the New England

Bladder Cancer Study,11 suggest that the
strengthening of the smoking-related
relative risks, perhaps due to chang-
ing cigarette composition, may have off-

Table 3. Incidence Rates and Adjusted HRs for Joint Categories of Smoking Dose and Cessation by Sex

Category

Men Women

Men vs
Women,

Multivariate-
Adjusted HR
(95% CI)a,b

Person-
Years No.

Age-Standardized
Incidence Rates

per 100 000
Person-Years

(95% CI)

Multivariate-
Adjusted HR

(95% CI)a
Person-
Years No.

Age-Standardized
Incidence Rates

per 100 000
Person-Years

(95% CI)

Multivariate-
Adjusted HR

(95% CI)a

Overall 2 690 321 3896 144.0
(139.4-148.5)

1 828 620 627 34.5
(31.8-37.3)

3.71
(3.39-4.06)c

Never smoked cigarettes,
pipes, or cigars

677 607 461 69.8
(63.4-76.1)

1.00 [Reference] 821 064 133 16.1
(13.4-18.8)

1.00 [Reference] 4.07
(3.34-4.97)

Stopped �10 y ago
1-10 cigarettes/d 278 413 264 90.6

(79.6-101.6)
1.27

(1.09-1.48)
221 316 62 27.3

(20.5-34.1)
1.70

(1.26-2.30)
3.02

(2.24-4.09)

11-20 cigarettes/d 390 547 557 131.7
(120.7-142.8)

1.79
(1.58-2.04)

142 212 49 33.1
(23.8-42.4)

2.07
(1.49-2.87)

3.81
(2.82-5.14)

21-30 cigarettes/d 249 436 421 159.0
(143.7-174.2)

2.16
(1.88-2.47)

68 696 28 40.7
(25.7-55.8)

2.50
(1.67-3.77)

3.91
(2.65-5.78)

31-40 cigarettes/d 164 686 301 171.6
(152.2-191.1)

2.32
(2.00-2.69)

38 903 16 41.1
(21.0-61.2)

2.54
(1.51-4.26)

4.06
(2.44-6.77)

�40 cigarettes/d 154 037 307 186.7
(165.7-207.7)

2.52
(2.17-2.92)

28 365 16 56.7
(28.9-84.5)

3.51
(2.09-5.90)

3.33
(2.00-5.55)

Stopped 5-9 y ago
1-10 cigarettes/d 22 652 28 128.8

(81.0-176.5)
1.85

(1.26-2.71)
31 866 8 25.8

(7.9-43.7)
1.61

(0.79-3.29)
6.16

(2.69-14.12)

11-20 cigarettes/d 54 351 84 157.4
(123.7-191.0)

2.17
(1.72-2.74)

42 822 22 51.4
(29.9-72.9)

3.21
(2.05-5.05)

3.46
(2.12-5.65)

21-30 cigarettes/d 48 134 106 225.9
(182.8-269.0)

3.09
(2.50-3.82)

25 773 23 92.1
(54.3-130.0)

5.84
(3.75-9.09)

2.09
(1.30-3.36)

31-40 cigarettes/d 38 888 101 271.1
(218.0-324.2)

3.66
(2.95-4.55)

15 764 9 57.8
(19.7-96.0)

3.74
(1.90-7.34)

4.29
(2.14-8.62)

�40 cigarettes/d 33 302 75 242.9
(187.1-298.7)

3.30
(2.58-4.21)

10 915 7 80.6
(20.5-140.6)

4.45
(2.08-9.52)

3.25
(1.47-7.17)

Stopped 1-4 y ago
1-10 cigarettes/d 13 080 17 141.8

(73.6-210.0)
2.08

(1.28-3.38)
20 114 10 54.2

(20.5-87.8)
3.32

(1.75-6.32)
1.99

(0.76-5.21)

11-20 cigarettes/d 31 713 68 225.1
(171.5-278.7)

3.08
(2.38-3.98)

29 040 17 61.1
(32.0-90.2)

3.74
(2.26-6.21)

3.86
(2.21-6.74)

21-30 cigarettes/d 27 139 69 278.1
(211.7-344.5)

3.74
(2.90-4.82)

16 412 15 100.8
(49.2-152.5)

6.17
(3.61-10.53)

2.90
(1.62-5.18)

31-40 cigarettes/d 19 354 46 254.3
(180.1-328.5)

3.47
(2.56-4.70)

8784 4 47.7
(0.9-94.4)

2.90
(1.07-7.86)

6.34
(2.26-17.81)

�40 cigarettes/d 15 059 39 294.1
(200.1-388.0)

3.89
(2.80-5.40)

4942 2 51.4
(0-122.6)

2.89
(0.71-11.67)

6.62
(1.58-27.83)

Current smokers
1-10 cigarettes/d 66 437 131 204.5

(169.4-239.6)
3.11

(2.54-3.80)
94 120 53 58.3

(42.5-74.0)
3.81

(2.76-5.25)
3.81

(2.72-5.33)

11-20 cigarettes/d 120 202 319 281.9
(250.7-313.1)

4.14
(3.56-4.81)

127 433 88 72.2
(57.0-87.4)

4.78
(3.64-6.27)

3.94
(3.09-5.02)

21-30 cigarettes/d 75 950 204 295.4
(253.9-336.8)

4.34
(3.66-5.16)

53 174 44 88.6
(62.0-115.2)

5.93
(4.20-8.37)

3.18
(2.27-4.46)

31-40 cigarettes/d 43 407 113 283.1
(228.6-337.6)

4.33
(3.50-5.35)

20 666 17 98.3
(49.3-147.3)

6.02
(3.62-9.99)

3.14
(1.87-5.29)

�40 cigarettes/d 17 118 42 271.5
(185.3-357.7)

4.14
(3.00-5.70)

5605 4 66.4
(0-132.9)

5.19
(1.92-14.05)

3.56
(1.26-10.03)

Abbreviations: CI, confidence interval; HR, hazard ratio.
aAdjusted for age, education, ethnicity, and pipe and cigar use.
bRisk estimates for men vs women within specified joint category of cigarette smoking dose and cessation.
cAdditionally adjusted for all categories of smoking, pipe, and cigar use.
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set the effect of declining smoking
prevalence, at least to some extent, con-
tributing to relatively stable incidence
rates of bladder cancer during the past
30 years. Future work is needed to in-
vestigate this hypothesis.

In the NIH-AARP Diet and Health
Study cohort, in which the prevalence
of smoking is generally similar in men
and women, as observed in the US
population,16,17 the PAR for smoking
was approximately 50% in both sexes.
Previous studies have found PARs of
50% to 65% in men and 20% to 30%
in women,5,12-15 but were conducted in
populations in which the prevalence of
smoking in women was considerably
lower than in men.46 In our study co-

hort and in the general US popula-
tion,16,17 however, the prevalence of
smoking is similar in men and women.
This is the first article to our knowl-
edge to demonstrate that the in-
creased prevalence of smoking in US
women has led to an increased PAR for
smoking, such that the PARs for smok-
ing and bladder cancer are now simi-
lar in US men and women.

In addition to bladder cancer, to-
bacco smoking is strongly associated
with increased risk of lung cancer.47 In-
cidence rates of lung cancer, similar to
bladder cancer, are higher in men than
in women worldwide.1 Historically
higher rates of tobacco smoking in men
relative to women likely explain most

of the excess lung cancer cases in men.
Because the prevalence of tobacco
smoking in women has increased,48 in-
cidence rates of lung cancer in men and
women have converged in many coun-
tries, including the United States.16,48,49

Furthermore, we demonstrated simi-
lar incidence rates of lung cancer in men
and women of the NIH-AARP Diet and
Health Study cohort, both among men
and women who smoked similar
amounts and among never smokers.50

In contrast with the lung, incidence
rates of bladder cancer have not con-
verged in men and women,7 even in
countries such as the United States in
which men and women now smoke
similar amounts.49 In our study, we ob-

Table 4. Relative Risks of Incident Bladder Cancer for Current Smokers Relative to Never Smokers in Previously Published Studies From US
Prospective Cohortsa

Source Cohort Sex Years

Mean
Age,

y

No. (%) of Participants Current Smokers

Never
Smokers
in Cohort

Cases
in Never
Smokers

Current
Smokers
in Cohort

Cases
in Current
Smokers

Percentage of
Current Smokers

Who Smoked
�1 Pack of
Cigarettes/d

(Actual Cut Point
Used in Each Cohort)

RR
(95% CI)b

Alberg
et al,30

2007

Washington
County,
Maryland

Both 1963-1978 4731 11 722 (26) 20 (22) 20 037 (44) 48 (52) 29
(�20 cigarettes/d)c

2.7
(1.6-4.7)

Chyou
et al,32

1993

Japanese men in
Hawaii

Men 1965-1991 5433 2410 (30) 17 (18) 3495 (44) 60 (63) 77
(�20 cigarettes/d)34

2.86
(1.67-4.91)

Mills et al,35

1991
Seventh Day

Adventists
Both 1976-1982 5436 26 059 (76)c 25 (52) 1129 (3)c 4 (8) 32

(�25 cigarettes/d)c,d
5.67

(1.73-18.61)

Alberg
et al,30

2007

Washington
County,
Maryland

Both 1975-1994 4831 15 249 (32) 40 (23) 17 006 (35) 67 (39) 31
(�20 cigarettes/d)c

2.6
(1.7-3.9)

Tripathi
et al,37

2002

Iowa Women’s
Health Study

Women 1986-1998 6238 24 723 (66) 42 (38) 5619 (15) 45 (41) 16
(�20 cigarettes/d)39,c,d

4.23
(2.76-6.70)

Michaud et
al,40

2001

Health
Professionals
Follow-up
Study

Men 1986-1998 5341 24 035 (49)42 70 (23) 4648 (9) 44 (14) 33
(�25 cigarettes/d)41,c

2.81
(1.85-4.27)

Cantwell
et al,43

2006

Breast Cancer
Detection
Demonstration
Project
Follow-up
Study

Women 1987-2000 55 27 691 (57)c 62 (44) 7826 (16)c 30 (21) 54
(�20 cigarettes/d)44

2.44
(1.56-3.80)

Summary
estimatee

Both 276 298 2.94
(2.45-3.54)

Abbreviations: CI, confidence interval; RR, relative risk.
aNot all data were available in the original publication that examined the association of smoking and bladder cancer. For publications that lacked some of these variables, we identified

other publications from the same cohort containing the desired information; references for these publications are marked where appropriate.
bAlberg et al30 and Cantwell et al43 used Poisson regression models; Chyou et al,32 Mills et al,35 and Tripathi et al37 used Cox proportional hazards regression models; and Michaud et al40

used logistic regression.
cCalculated from person-years in the original publication.
dCigarettes smoked per day for both former and current smokers combined.
eSummary RR and 95% CI are from fixed-effects models. The I2 statistic for heterogeneity across studies was 0.0% and the Cochran Q test P value for between-study heterogeneity was

.554.
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served consistently higher incidence
rates of bladder cancer in men than
women, both among individuals who
smoked similar amounts and among
never smokers. Our results are consis-
tent with the National Bladder Cancer
Study,15 a population-based case-
control study conducted in 1978. In this
study, as in our study, risk of bladder
cancer remained higher in men vs
women who were never smokers. Al-
though differences in the prevalence of
smoking are likely an important expla-
nation for the excess of bladder can-
cer in men in many parts of the world
where cigarette smoking is substan-
tially more common in men than in
women,51,52 our results and those of the
National Bladder Cancer Study15 sug-
gest that differences in smoking use do
not completely explain higher inci-
dence rates of bladder cancer in US
men.2 Higher incidence rates in men
could also reflect occupational expo-
sures, because men in general are more
likely than women to work in specific
occupations that have been tradition-
ally associated with bladder cancer risk
(ie, aromatic amine-manufacturing
workers, leather workers, painters,
truck drivers, machinists, and alumi-
num workers).5,53-55 We lacked assess-
ment of occupation in our study; how-
ever, bladder cancer risk among men
in the National Bladder Cancer Study
was attenuated after adjustment for oc-
cupational exposures, but remained in-
creased relative to women.15 Alterna-
tively, physiological differences between
men and women, such as differences in
the levels of sex hormones, could con-
tribute to higher rates in men. Several
recent studies provide evidence for as-
sociations between menstrual and re-
productive factors with bladder can-
cer,43,56,57 and this is an active area of
investigation.

Strengths of our study include as-
sessment of smoking use before can-
cer diagnosis, very large number of par-
ticipants and incident bladder cancers,
and presentation of both incidence rates
(absolute risks) and relative risks. How-
ever, several limitations should be
noted. We lacked information about the

age at smoking initiation for a major-
ity of cohort participants and so could
not calculate smoking duration or pack-
years. Among the subset of cohort par-
ticipants (118 557 men and 72 030
women) returning a follow-up ques-
tionnaire between October 7, 2004, and
December 30, 2004, the median age at
smoking initiation was 17 years in both
men and women. In addition, smok-
ing status was assessed only at base-
line and was not updated during the
course of follow-up. Because a num-
ber of participants probably quit dur-
ing follow-up, risk estimates for cur-
rent smoking in our study are likely to
be attenuated. In addition, our results
may not apply to other populations,
particularly those in other countries that
may differ in smoking prevalence and
cigarette composition.

In conclusion, tobacco smoking was
a strong risk factor for bladder cancer,
with PARs of approximately 50% in
both men and women. We found higher
risk estimates for current cigarette
smoking relative to never smoking in
the NIH-AARP Diet and Health Study
cohort, initiated in 1995, than were re-
ported in previous publications from
cohorts initiated between 1963 and
1987. These results support the hy-
pothesis that the risk of bladder can-
cer associated with cigarette smoking
has increased with time in the United
States, perhaps a reflection of chang-
ing cigarette composition. Prevention
efforts should continue to focus on re-
ducing the prevalence of cigarette
smoking.
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