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                  Cigarette smoking accounts for about 65% of bladder cancer risk 
in men and 20% – 30% in women ( 1 ). Studies have consistently 
shown a two- to threefold risk of bladder cancer among regular 
cigarette smokers, defined as those who smoked at least one cig-
arette per day for at least 6 months, compared with those who 
never smoked ( 1 ). Experimental evidence has suggested that 
2-naphthylamine and 4-aminobiphenyl may be the bladder car-
cinogens in cigarette smoke ( 1  –  8 ). 

 Numerous studies have demonstrated that bladder cancer risk 
increases with increasing duration and intensity (cigarettes per 
day) of smoking, although risk levels off at higher intensity but not 
at higher duration ( 1 , 9 ). Bladder cancer risk decreases as time since 
quitting increases ( 10  –  12 ), but it is unclear whether risk eventually 
returns to that of never-smokers ( 1 ). Moreover, previous bladder 
cancer studies ( 8 , 13  –  17 ) have yielded equivocal results on the risk 
associated with exposure to environmental tobacco smoke (ETS). 
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   Background   Cigarette smoking is a well-established risk factor for bladder cancer. The effects of smoking duration, 
intensity (cigarettes per day), and total exposure (pack-years); smoking cessation; exposure to environ-
mental tobacco smoke; and changes in the composition of tobacco and cigarette design over time on risk 
of bladder cancer are unclear.  

   Methods   We examined bladder cancer risk in relation to smoking practices based on interview data from a large, 
population-based case – control study conducted in Maine, New Hampshire, and Vermont from 2001 to 
2004 (N = 1170 urothelial carcinoma case patients and 1413 control subjects). We calculated odds ratios 
(ORs) and 95% confidence intervals (CIs) using unconditional logistic regression. To examine changes in 
smoking-induced bladder cancer risk over time, we compared odds ratios from New Hampshire residents 
in this study (305 case patients and 335 control subjects) with those from two case – control studies con-
ducted in New Hampshire in 1994 – 1998 and in 1998 – 2001 (843 case patients and 1183 control subjects).  

   Results   Regular and current cigarette smokers had higher risks of bladder cancer than never-smokers (for regular 
smokers, OR = 3.0, 95% CI = 2.4 to 3.6; for current smokers, OR = 5.2, 95% CI = 4.0 to 6.6). In New 
Hampshire, there was a statistically significant increasing trend in smoking-related bladder cancer risk 
over three consecutive periods (1994 – 1998, 1998 – 2001, and 2002 – 2004) among former smokers (OR = 1.4, 
95% CI = 1.0 to 2.0; OR = 2.0, 95% CI = 1.4 to 2.9; and OR = 2.6, 95% CI = 1.7 to 4.0, respectively) and cur-
rent smokers (OR = 2.9, 95% CI = 2.0 to 4.2; OR = 4.2, 95% CI = 2.8 to 6.3; OR = 5.5, 95% CI = 3.5 to 8.9, 
respectively) ( P  for homogeneity of trends over time periods = .04). We also observed that within cate-
gories of intensity, odds ratios increased approximately linearly with increasing pack-years smoked, but 
the slope of the increasing trend declined with increasing intensity.  

   Conclusions   Smoking-related risks of bladder cancer appear to have increased in New Hampshire since the mid-1990s. 
Based on our modeling of pack-years and intensity, smoking fewer cigarettes over a long time appears more 
harmful than smoking more cigarettes over a shorter time, for equal total pack-years of cigarettes smoked.  

    J Natl Cancer Inst 2009;101: 1553  –  1561   

 Changes over time in the composition of tobacco and design of 
cigarettes have altered the constituents of mainstream cigarette 
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smoke. Although the sales-weighted average nicotine yield of cig-
arettes in the United States decreased gradually from the 1950s to 
1990s ( 18 ), limited data suggests that the presence of lung and 
bladder carcinogens in cigarette smoke may have increased during 
the same period ( 19 , 20 ). 

 In a large, population-based case – control study in northern New 
England, we examined bladder cancer risk in relation to 1) cigarette 
smoking as measured by duration, intensity, and total exposure 
(pack-years); 2) years since smoking cessation; and 3) exposure to 
ETS. We also compared the odds ratios (ORs) from our study with 
those from two earlier studies of comparable design to evaluate the 
trend in smoking-related bladder cancer risk over time. 

  Subjects and Methods 
 The case series included all patients with a histologically confirmed 
carcinoma of the urinary bladder (including carcinoma in situ) newly 
diagnosed between September 1, 2001, and October 31, 2004 (Maine 
and Vermont) or between January 1, 2002, and July 31, 2004 (New 
Hampshire) among residents of these three states aged 30 – 79 years. 
Patient ascertainment in each state during the study period was con-
ducted through hospital pathology departments, hospital cancer reg-
istries, and the state cancer registries. We pretested each state ’ s plan 
to locate patients and closely monitored and audited the progress and 
completeness of this effort in all three states throughout the course of 
the study. 

 We interviewed 1213 bladder cancer patients (65% of 1878 
eligible patients). Of eligible patients who did not participate, 50% 
refused, 22% were deceased, 12% were too ill, 5.5% did not speak 
English fl uently, 5% had a physician who refused, and 5% were 
not able to be located. The study’s expert pathologist (A. Schned) 
carried out a blind review of the initial diagnostic slides to confi rm 
diagnosis, histological classifi cation, and tumor stage and grade. 
Based on the expert pathology review, 20 patients who did not 
have cancer and 22 who did not have urothelial carcinomas were 
excluded, leaving 1171 patients eligible for the smoking analysis. 

 Control subjects aged 30 – 64 years were selected randomly from 
Department of Motor Vehicle (DMV) records in each state, and 
control subjects aged 65 – 79 years were selected from benefi ciary 
records of the Centers for Medicare and Medicaid Services (CMS). It 
is possible that some potential control subjects may not have been 
included in the DMV or CMS databases (eg, younger control subjects 
who did not have a driver’s license). To evaluate this issue, bladder 
cancer patients were asked about possession of either a Medicare card 
or driver’s license (depending on age) on their reference date. The 
restriction of key analyses to only those patients with a driver’s license 
or Medicare card did not change the results, however. 

 Control subjects were frequency matched to case patients by 
state, sex, and within 5 years of age at diagnosis of patients. We 
interviewed 1418 (594 DMV and 824 CMS) control subjects (65% 
of eligible DMV and 65% of eligible CMS control subjects). Of 
control subjects who did not participate, 70% of DMV and 65% 
of CMS control subjects refused, 24% of DMV and 11% of CMS 
control subjects were not able to be located, 3% of DMV and 10% 
of CMS control subjects did not speak English fl uently, 1% of 
DMV and 7% of CMS control subjects were too ill, and 1% of 
DMV and 7% of CMS control subjects were deceased. 

 Individuals who agreed to participate were interviewed at home 
by a trained interviewer using a detailed computer-assisted per-
sonal interview. The interviewer obtained detailed information on 
demographics, use of tobacco products, occupational and residen-
tial histories, fl uid intake, use of hair coloring products, family 
history of cancer, medication use, and dietary factors. 

 Our smoking analyses included 1170 urothelial carcinoma 
patients and 1413 control subjects who provided data on smoking 
(ie, one case and fi ve controls were excluded because of missing 
smoking data). We defi ned “never-smokers” as subjects who had 
smoked less than 100 cigarettes over their lifetime. “Occasional 
smokers” were subjects who had smoked more than 100 cigarettes 
overall but never consumed cigarettes regularly (ie, at least one 
cigarette per day for at least 6 months). “Regular smokers” were 
subjects who consumed more than occasional smokers (ie, at least 
one cigarette per day for at least 6 months). Regular smokers were 
further categorized as “former smokers” (ie, those who quit 
smoking 1 year or more before the diagnosis date for case patients 
or selection date for control subjects) or “current smokers” (ie, 
those who were still smoking regularly at the time of their inter-
view or had quit within 1 year of the reference date). 

 Among never-smokers, we assessed exposure to ETS by asking 
participants about the number of people who smoked around them 
everywhere they lived for at least 2 years duration since the age of 
10 years and at the longest job they held for at least 6 months since 
the age of 16 years. We computed a series of ETS metrics: duration 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Although it is well established that cigarette smoking is associated 
with risk of bladder cancer, the influence of various parameters of 
smoking history as well as secular trends in the smoking/bladder 
cancer relationship were unclear.  

  Study design 

 Odds ratios for bladder cancer risk were calculated in relation to 
smoking practices learned from interviews among 1170 bladder 
cancer patients and 1413 control subjects from Maine, New 
Hampshire, and Vermont in 2001 – 2004. Odds ratios for the New 
Hampshire participants of this study were compared with those 
from two similar case – control studies conducted in 1994 – 1998 and 
1998 – 2001 in New Hampshire.  

  Contribution 

 Overall, current smokers, compared with never-smokers, had 
more than a five fold higher risk of bladder cancer. Among New 
Hampshire residents, there was a statistically significant progres-
sive increase over each time period in bladder cancer risk among 
both former and current smokers compared with never-smokers.  

  Implications 

 The smoking-related risks of bladder cancer appear to have 
increased over time, at least among New Hampshire residents.  

  Limitations 

 Time-trend data were unavailable from Maine and Vermont, and 
there was a 65% participation rate among both cases patients and 
control subjects, which may have led to an underestimation of 
estimates of risk. 

  From the Editors    
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of time spent living with one or more smokers in childhood (at or 
before age 18 years) and in adulthood, the cumulative residential 
ETS exposure (ie, the sum of the total number of smokers in each 
residence multiplied by the time spent in each residence over the 
person’s lifetime), and the cumulative occupational ETS exposure. 
To measure cumulative occupational ETS exposure, we used the 
same approach for the longest jobs that a subject held as we did for 
each residence that he or she lived in for at least 2 years duration. 

  Statistical Analysis 

 We computed odds ratios and 95% confidence intervals (CIs) for 
smoking-related variables using unconditional logistic regression 
models, adjusting for age (<55, 55 – 64, 65 – 74, and  ≥ 75 years), sex, 
race or ethnicity (white only, mixed race, or other race), Hispanic 
status (yes or no), and state (Maine, New Hampshire, or Vermont). 
Adjustment for employment in a high-risk occupation had no 
impact on the odds ratios and was not included in the final models. 
We used the Wald test to test for linear trend, treating categorical 
variables as continuous by using the median value for each cate-
gory among control subjects. All statistical tests were two-sided, 
with  P  < .05 taken as a measure of statistical significance. 

 To clarify the effects of smoking dose as measured by smoking 
intensity (ie, cigarettes per day), smoking duration (ie, number of 
years of exposure), and pack-years, we evaluated the effects of the 
delivery rate of exposure (ie, how increasing cigarettes per day and 
decreasing duration of smoking affects risk of bladder cancer for a 
given total number of pack-years of exposure). This analysis used 
a recently described three-parameter model to estimate the excess 
odds ratio (EOR) ( 21 , 22 ), the details of which are presented in the  
 Appendix .    

 To examine trends in smoking-related bladder cancer risk over 
time, we included data from two previous population-based case – 
control studies of bladder cancer that were carried out in New 
Hampshire and were virtually identical in design to the current 
study ( 23 , 24 ). These studies included cases from July 1, 1994, to 
June 30, 1998, and from July 1, 1998, to December 31, 2001, and 
totaled 843 case patients and 1183 control subjects who provided 
data on smoking. We used the likelihood-ratio test to evaluate 
homogeneity over time in trends in the odds ratios for smoking-
related bladder cancer risk.   

  Results 
  Effects of Cigarette Smoking 

 Regular cigarette smokers had a higher risk of bladder cancer than 
never-smokers (OR = 3.0, 95% CI = 2.4 to 3.6) ( Table 1 ). Among 
these regular smokers, risk estimates of bladder cancer were statis-
tically significantly higher for both current (OR = 5.2, 95% CI = 
4.0 to 6.6) and former (OR = 2.3, 95% CI = 1.9 to 2.8) smokers 
compared with never-smokers. Risk estimates were similar for men 
and women. We observed statistically significant trends in risk 
estimates with smoking duration, intensity, and pack-years ( P  trend  < 
.001 for each metric) ( Table 1 ). Risks of bladder cancer that were 
estimated by intensity and pack-years, but not by duration, reached 
a plateau at the higher levels of smoking exposure. Similar patterns 
were observed for men and women, although fewer women were 
heavy smokers, leading to greater variability in the risk estimates.     

  Table 2  shows risk of developing bladder cancer cross-classifi ed 
by both duration and intensity smoked among regular smokers 
only. We observed a statistically signifi cant consistent trend in risk 
of bladder cancer with increasing smoking duration after adjust-
ment for smoking intensity ( P  trend  < .001). There was, however, no 
consistent trend in bladder cancer risk either with increasing 
smoking intensity within each smoking duration category or over-
all by intensity after adjustment for duration ( P  trend  = .898).     

 We observed an inverse association in risk of bladder cancer 
with years since smoking cessation. However, the entire risk re-
duction was observed within the fi rst 5 years after quitting. 
Compared with current smokers, the odds ratios were 0.6, 0.6, 0.7, 
and 0.7 for the categories of less than 5, 5 – 9, 10 – 19. After 20 or 
more years since quitting, risk still remains higher than that for 
never smokers.  

  Temporal Variations 

 We compared odds ratios for developing bladder cancer among 
the New Hampshire subjects in our study with odds ratios observed 
in two previous population-based case – control studies conducted 
in New Hampshire.  Figure 1  shows the odds ratios for former and 
current smokers relative to never-smokers for three consecutive 
periods (1994 – 1998, 1998 – 2001, and 2002 – 2004) from data re-
stricted to New Hampshire. There was a statistically significant 
increasing trend in smoking-related bladder cancer risk over three 
consecutive periods among former smokers (OR = 1.4, 95% CI = 
1.0 to 2.0; OR = 2.0, 95% CI = 1.4 to 2.9; and OR = 2.6, 95% 
CI = 1.7 to 4.0 for 1994 – 1998, 1998 – 2001, and 2002 – 2004, respec-
tively) and current smokers (OR = 2.9, 95% CI = 2.0 to 4.2; OR = 
4.2, 95% CI = 2.8 to 6.3; OR = 5.5, 95% CI = 3.5 to 8.9 for 
1994 – 1998, 1998 – 2001, and 2002 – 2004, respectively) ( P  for ho-
mogeneity of trends over time period = .04). This trend was similar 
for both men and women (data are not shown). Among former 
smokers, the mean numbers of cigarettes smoked per day were 22, 
21, and 22 for the three periods, respectively, and the mean 
smoking durations were 30, 24, and 22 years. For current smokers, 
the corresponding values were 21, 20, and 23 cigarettes per day, 
and 41, 40, and 41 years. The similarity of the mean values of du-
ration smoked and of cigarettes smoked per day across the three 
periods makes it unlikely that the differences across the three study 
populations with respect to duration of smoking and cigarettes 
smoked per day are the source of the observed time trend.      

  Effects of Rate of Delivery of Exposure 

 To evaluate effects of the rate of delivery of exposure, we first 
computed odds ratios for bladder cancer by categories of pack-
years and intensity among current smokers relative to never-
smokers ( Figure 2 ). Within each level of intensity, an increasing 
trend in odds ratios with increasing pack-years was apparent. 
When we fitted a linear model for odds ratios by continuous pack-
years within each intensity category, all trends were consistent 
with linearity, except for the 5 – 9 cigarettes per day category ( P  = 
.03). Estimates of the linear slope parameter (ie, the EOR per 
pack-year) varied with intensity. This variation defines the relative 
effects of exposure delivery (ie, increasing intensity and decreasing 
duration) for a fixed total pack-years of exposure. For example, in 
an individual who has smoked 40 pack-years, the odds ratio would 
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  Figure 1  .    Trend in smoking-induced bladder cancer in New Hampshire 
from 1994 to 2004. Odds ratios (ORs) and 95% confi dence intervals for 
bladder cancer are shown for former and current smokers relative to 
never-smokers during three consecutive time intervals: from July 1, 
1994, to June 30, 1998 (372 case patients and 456 control subjects) 
( white bars ); from July 1, 1998, to December 31, 2001 (324 case patients 
and 328 control subjects) ( light gray bars ); and from January 1, 2002, to 
December 31, 2004 (253 case patients and 199 control subjects) ( dark 

gray bars ).     

be approximately 6.4, 6.0, 5.5, 2.3, 5.1, or 3.3 depending on the 
intensity of smoking being 10 – 14, 15 – 19, 20 – 24, 25 – 29, 30 – 39, or 
40 or more cigarettes per day, respectively ( Figure 2 ). These 
changing odds ratios correspond to the effects of exposure 
delivery, that is, the combination of increasing intensity and 
decreasing duration of smoking.     

 We plotted the estimated EOR per pack-year and 95% confi -
dence interval by the mean number of cigarettes per day within 
each intensity category and fi tted a smooth model using contin-
uous data ( Figure 3 ). The category-specifi c EOR per pack-year 
estimates declined with increasing number of cigarettes per day, 
with the fi tted line corresponding closely to the estimates ( Figure 3 , 
solid line). At low intensity, the range of pack-years was necessarily 
limited, and thus, estimates of the EOR per pack-year (plotted as 
mean cigarettes per day) were highly variable. We therefore refi t-
ted the model after excluding smokers who consumed less than 10 
cigarettes per day (17 cases and 13 control subjects) and again 
observed a close correspondence between the fi tted model and the 
EOR per pack-year estimates ( Figure 3 , dashed line). Finally, with 
all parameters in  Equation 1  ( Appendix 1 ) except  �  fi xed at previ-
ously determined summary values as described in Lubin et al. ( 21 ), 
the model ( Figure 3 , dotted line) provided an excellent fi t to the 
observed data. A test of homogeneity with two  df  indicated that the 
patterns of EOR per pack-year in the 10-study data were consis-
tent with the current data ( P  = .55) and that the declining exposure 
rate patterns were quantitatively similar.      

  Exposure to ETS 

  Table 3  shows bladder cancer risk by type of ETS exposure among 
never-smokers of cigarettes, cigars, and pipes. Compared with sub-
jects with no ETS exposure, we observed no statistically significant 
increase in bladder cancer risk with ETS exposure when subjects 
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were exposed to ETS at home either as children or as adults, at 
the workplace, or at the home and workplace combined.       

  Discussion 
 This population-based study from New England suggests that risk 
estimates for bladder cancer related to cigarette smoking have 
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  Figure 2  .    Odds ratios (ORs) and 95% confi dence intervals for bladder cancer among smokers, relative to never-smokers, by categories of total 
pack-years of exposure and cigarettes smoked per day (cigs/d), and fi tted linear models for the odds ratios by pack-years ( square symbols )   .     
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  Figure 3  .    Estimates of the excess odds ratio (EOR) per pack-year for 
categories of intensity (<5, 5 – 9, 10 – 14, 15 – 19, 20 – 24, 25 – 29, 30 – 39,  ≥ 40 
cigarettes per day). The EOR per pack-year and 95% confi dence intervals 
were plotted at the mean numbers of cigarettes per day within each cate-
gory ( square symbols ). The three models shown are fi tted to all data ( solid 

line ), to all data excluding smokers who consumed less than 10 cigarette 
per day ( dashed line ), and to all data excluding smokers who consumed 
less than 10 cigarettes per day with intensity effects fi xed at  φ  1  = 2.72 and 
 φ  2  =  � 0.479 (Equation  1  in  Appendix 1 ) determined from a previous 
analysis of multiple smoking-related cancer studies ( dotted line ) ( 21 ).     

increased over time. When we compared the odds ratios from our 
study of New Hampshire subjects from 2001 to 2004 with those 
from two previous studies in that state, we observed a positive 
trend in risk among former and current cigarette smokers during 
the period from 1994 to 2004. Our findings are consistent with 
those from a recent case – control study from the Roswell Park 
Cancer Institute that suggested that risk of smoking-related 
bladder cancer increased from the late 1950s to the late 1990s ( 25 ). 
The upward trend in smoking-related bladder cancer may explain 
why the increased risk observed among current smokers in our 
study exceeds that observed among current smokers in the 
National Bladder Cancer Study, a large, population-based case – 
control study of 2982 bladder cancer cases and 5782 control sub-
jects conducted by National Cancer Institute in 1978 in 10 areas of 
the United States ( 10 ). Long-term smokers (those who had smoked 
for 60 years or more) in the National Bladder Cancer Study had an 
odds ratio for bladder cancer of 3.2 (95% CI = 2.4 to 4.2), whereas 
long-term smokers (those who had smoked for 50 years or more) 
in our study had an odds ratio of 5.1 (95% CI = 3.7 to 7.1). 

 The upward trend in the risk of smoking-related bladder cancer 
may be due in part to changes over time in the composition of to-
bacco and design of cigarettes, which may have led to increased 
levels of bladder carcinogens in cigarette smoke ( 18 , 20 ). Based on 
limited data, 2-naphthylamine, a known bladder carcinogen found 
in amounts ranging from 1 to 22 ng per cigarette smoked, according 
to earlier reports ( 26 , 27 ), increased to 35 ng by 1985 ( 18 ). Production 
of low – nicotine yield cigarettes may also have led to increased depth 
and frequency of inhalation to satisfy the need for nicotine ( 28 , 29 ), 
further increasing exposure to bladder carcinogens. Interestingly, 
the rising incidence of lung adenocarcinoma has been associated 
with deeper inhalation of low – nicotine yield cigarettes coupled with 
increases in nitrosamine levels in cigarette smoke ( 30  –  34 ). Although 
the changes in tobacco composition and cigarette design fi rst began 



jnci.oxfordjournals.org   JNCI | Articles 1559

 Table 3  .    Odds ratios (OR) and 95% confidence intervals (95% CI) 
of bladder cancer by cumulative residential and occupational 
exposure to environmental tobacco smoke (ETS) among 
nonsmokers *   

  ETS exposure

Case 

patients 

(n = 145)

Control 

subjects 

(n = 402) OR (95% CI)  P  trend   †    

  Childhood residential  ‡     .797 
     No lifetime ETS 
   exposure

12 37 1.0  

     No childhood ETS 
   exposure

25 70 1.0 (0.5 to 2.4)  

      ≤ 18 66 183 1.1 (0.5 to 2.3)  
     >18 42 112 1.1 (0.5 to 2.4)  
 Adult residential §    .700 
     No lifetime ETS 
   exposure

12 37 1.0  

     No adult ETS 
   exposure

20 57 1.0 (0.4 to 2.3)  

     >0 to  ≤ 7 42 106 1.2 (0.5 to 2.5)  
     >7 to  ≤ 30.5 33 103 1.0 (0.5 to 2.2)  
     >30.5 38 99 1.2 (0.5 to 2.6)  
 Occupational  ║     .571 
     No lifetime ETS 
   exposure

12 37 1.0  

     No occupational ETS 
   exposure

61 184 1.0 (0.5 to 2.1)  

     >0 to  ≤ 105 31 68 1.5 (0.7 to 3.3)  
     >105 to  ≤ 170 24 53 1.4 (0.6 to 3.3)  
     >170 16 60 0.7 (0.3 to 1.7)  
 Combined (residential 
  and occupational)

   .726 

     No lifetime ETS 
   exposure

12 37 1.0  

     >0 to  ≤ 45.3 42 122 1.0 (0.5 to 2.2)  
     >45.3 to  ≤ 143.5 53 130 1.3 (0.6 to 2.8)  
     >143.5 38 113 0.9 (0.4 to 2.0)   

  *   Adjusted for age, race, sex, Hispanic status, and state of residence. Includes 
only nonsmokers of cigarettes, cigars, and pipes.  

   †     P  trend  values were calculated by using a two-sided Wald test.  

   ‡    Sum of the years spent at each childhood residence (up to age 18 years) mul-
tiplied by the number of smokers in each residence and categorized above 
and below median in controls.  

  §   Sum of the years spent at each adult residence multiplied by the number of 
smokers in each residence and categorized according to tertiles in controls.  

   ║    Sum of the years spent at the longest job multiplied by the number of 
smokers and categorized according to tertiles in control subjects.   

in the 1950s, the reformulated cigarettes were not marketed heavily 
until the 1960s and 1970s ( 35 ). Thus, the increases in smoking-re-
lated risk over the past decade are consistent with the 20- to 30-year 
latent period for aromatic amine-induced bladder cancer ( 36 ). 

 We observed statistically signifi cant dose – response relation-
ships in bladder cancer risk for smoking duration, intensity, and 
pack-years ( P  < .001). In contrast to consistent increases in risk 
with increasing duration of smoking, risk appeared to reach a pla-
teau at high levels of smoking intensity. This phenomenon has 
been observed in previous studies of smoking-related bladder cancer 
( 1 , 9 ), as well as in studies of smoking-related lung, pancreas, 
esophagus and oral cavity cancers ( 21 ). Our fi ndings further sug-
gest that, for an equal total exposure (in pack-years), smoking at a 
lower intensity for a longer duration is more harmful than smoking 
at a higher intensity for a shorter duration. This observation is 
consistent with previously reported patterns for several smoking-
related cancers, including three bladder cancer studies ( 21 , 22 , 37 ). 

 The inverse delivery rate effect for cigarette smoke may refl ect 
different inhalation patterns associated with smoking intensity 
( 1 , 9 , 38  –  40 ). If heavy smokers inhale less vigorously and are thus 
exposed to fewer carcinogens with each additional cigarette, an 
observation that has been reported for lung cancer ( 41 ), the relative 
impact of an additional cigarette would be expected to decline at 
higher intensities ( 9 ). Although modifi ed inhalation patterns may 
explain some plateauing of risk with intensity, a simulation study 
based on the relationship of urinary cotinine and cigarettes per day 
suggests that it is unlikely to fully account for the observed pattern 
( 42 ). Alternatively, the intensity effect may have been infl uenced by 
misclassifi cation of the amount smoked per day, with increasing 
underreporting by heavy smokers. This explanation seems unlikely, 
however, because this type of misclassifi cation would induce greater 
curvilinearity on the disease to pack-year association with increasing 
intensity, patterns which were not observed. 

 We observed an inverse association in bladder cancer risk with 
length of time since quitting, with an immediate reduction in risk 
within the fi rst 5 years, underscoring the public health importance of 
smoking cessation. There was no additional risk reduction with fur-
ther increases in the time since quitting. Our fi ndings support the 
hypothesis that cigarette smoke may act as a late-stage carcinogen 
( 1 , 8 , 43 ). Yet, our results are also consistent with previous studies 
indicating that bladder cancer risk among people who quit smoking 
for at least 20 years remains higher than that for never-smokers, sug-
gesting an early-stage irreversible effect of cigarette smoke ( 1 , 8 , 44 ). 

 The well-established association between smoking and bladder 
cancer offers grounds to suspect that exposure to ETS may 
increase bladder cancer risk. Only a few studies have examined 
ETS as a risk factor for bladder cancer, with some reporting 
positive associations ( 13 , 14 , 45 ) and others reporting null results 
( 8 , 17 , 46 , 47 ) including a recent meta-analysis ( 48 ). We observed no 
statistically signifi cant association between ETS exposure and 
bladder cancer risk. It is possible, however, that ETS may be a 
weak bladder carcinogen ( 47 ) that may have eluded epidemiolog-
ical detection of small risks because of low levels of exposure. 
Additionally, there may have been some nondifferential misclassi-
fi cation of exposure that would bias our results toward the null. 

 The strengths of this study include large sample size, the pop-
ulation-based study design, and the ascertainment of a detailed 

smoking history from participants, including information on ETS. 
The main weakness of our study is the lack of time trend data from 
the two other participating states, Maine and Vermont, which 
limits the ability of our results to be generalized beyond the New 
Hampshire population. Another limitation is the 65% participa-
tion rate among both case patients and controls. The nondifferen-
tial nonresponse rate of 35% may have led to underestimation of 
some our estimates of risk. 

 In summary, our fi ndings suggest that the odds ratios for 
smoking-related bladder cancer have increased in New Hampshire 
over time. This trend may be related to changes in the 1960s and 
1970s in the composition of tobacco and cigarette design 
coupled with modifi cations in inhalation patterns resulting in 
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increased exposure to bladder carcinogens. The observed relation-
ship between smoking and bladder cancer risk was stronger than 
that reported in earlier studies, with statistically signifi cant trends 
in risk with increasing duration, intensity, and pack-years for both 
men and women. Additional modeling of the rate of delivery of 
cigarette smoke supports previous observations, suggesting a 
greater risk for total exposure delivered at a lower intensity (and 
for longer duration) than for an equivalent exposure delivered at a 
higher intensity (and for shorter duration).  

  Appendix 

 We fitted the following three-parameter model for the excess odds 
ratio (EOR) ( 21 , 22 ): 

 OR(d ) = 1+ �  d g(n) [1] 

where  d  = total pack-years and  n  = cigarettes per day. The 
parameter  �  represents the slope (EOR per pack-year) of a simple 
linear relationship at g( n ) = 1, whereas g(.) represents the modifying 
effect of intensity on  � . For each fixed intensity,  � g( n ) thus defined 
the slope of a linear relationship for the odds ratios of bladder 
cancer by total pack-years. As in previous analyses ( 21 , 22 , 47 ), we set 
g( n ) = exp { φ  1  ln ( n ) +  φ  2  ln ( n ) 2 } where  φ  1  and  φ  2  parameters of g(.) 
define the relative impact of intensity on the EOR per pack-year.  
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