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Abstract
Objective—To examine the association of cigarette smoking with subsequent fatal prostate cancer.

Methods—Two private censuses were conducted in Washington County, Maryland, in which
26,810 adult men in 1963 and 28,292 in 1975 provided smoking information. Prostate cancer deaths
through 2002 (1963 cohort: 240 deaths; 1975 cohort: 184) were ascertained by review of death
certificates. Poisson regression was used to estimate the rate ratio (RR) of prostate cancer death
adjusted for age.

Results—Overall, cigarette smokers in the 1963 census cohort were not more likely to die from
prostate cancer than never smokers of cigarettes, pipes, and cigars when considering total follow-up.
However, current smokers of 20+ cigarettes per day (RR = 2.38; 95% CI 0.94–5.99) and former
smokers (RR = 2.75; 95% CI 1.13–6.74) had a higher risk of death from prostate cancer during the
first 10 years of follow-up. Weaker positive associations of prostate cancer death with current and
former cigarette smoking were seen during the first 10 years of follow-up in the 1975 census cohort.
Current cigarette smoking at baseline was not associated with prostate cancer incidence.

Conclusion—The lack of an association of cigarette smoking with prostate cancer incidence, but
the tendency of a higher prostate cancer mortality in former and current cigarette smokers earlier in
follow-up is consistent with other studies in which smoking was assessed once at baseline.
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Introduction
The prevalence of cigarette smoking has decreased in the US, but smoking is still common in
the US, with 23.1% of adult men smoking in 2004.1 Cigarette smoking does not appear to be
a risk factor for prostate cancer incidence overall,2 although some studies have noted positive
association with incidence.3 However, the evidence for an association between cigarette
smoking and prostate cancer mortality is more intriguing. Several,4–7 but not all,8–10 cohort
studies observed a statistically significant positive association between cigarette smoking and
prostate cancer mortality. Thus, we evaluated the association of cigarette smoking habits with
subsequent prostate cancer incidence and mortality using the data from two private censuses
conducted in 1963 and 1975 in Washington County, Maryland. These two censuses offered
the opportunity to examine this association in a group of men with decades of follow-up.

Methods
Participants

In 1963, 91,909 persons representing 98% of Washington County’s households participated
in the census. Of these 27,764 were adult men (18+ years old). In 1975 90,225 Washington
County inhabitants (about 90% of the county’s households in 1975) participated in the census,
and of these 29,493 were men 18 years of age or older.

Exposure assessment
In the 1963 census, participants 18 years and older were asked whether they currently or
formerly smoked cigarettes, if they had ever smoked cigars or pipes, and the age when smoking
started. The number of cigarettes smoked per day was assessed in three categories (<10, 10–
19, 20+ cigarettes per day). Of the 27,764 adult male respondents, 26,810 provided information
on smoking habits (96.6%). In the 1975 census adults were asked if they currently or formerly
smoked cigarettes, if they currently smoked cigars or pipes, and the number of cigarettes they
smoked per day. Of the 29,376 adult male respondents 28,292 provided smoking information
(96.3%).

Exposure to passive smoking in the household was assessed. Men were classified as not
exposed to passive smoke if no household member smoked. In the 1963 census cohort, only
1555 men were exposed to passive smoking and were not active smokers. Among those men,
no prostate cancer cases occurred. Thus, for the purpose of our analysis, men were classified
as never smokers irrespective of their passive smoking exposure. The same was done for the
1975 census group. In both censuses, information was collected on age, years of education,
and marital status.

Outcome Assessment and Statistical Analysis
Deaths from prostate cancer were ascertained from information reported to the Washington
County Health Department using the underlying cause of death as coded by the Maryland
Department of Health and Mental Hygiene. Men were censored at date of death, at the date of
cancer diagnosis, or at the end of the study period in 2000, whichever came first.

Incident prostate cancer cases were ascertained by linkage to the Washington County Cancer
Registry, which was established in 1948. Because the participants in the two censuses were
not under active follow-up, a method was devised to account for the likelihood of moving out
of the county and, thus, being no longer under passive surveillance by the Washington County
Cancer Registry for cancer diagnosis. A follow-up survey to assess the likelihood of still being
a Washington County resident was conducted in July 1971 for the 1963 census cohort and in
July 1985 for the 1975 census cohort. Each comprised a 5% random sample of the households
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in the censuses. The probability of still living in Washington County was estimated for those
in the 5% random sample based on their age, marital status, gender, education, and smoking
status from a linear regression model. These coefficients for the predictive characteristics were
then applied to each census participant to estimate the likelihood that a given individual was
still living in Washington County. We limited the observation time to a period for which it was
reasonable to assume that this calculated likelihood of still living in Washington County was
valid: The time between the 1963 census and the 1971 follow-up survey and the time between
the 1975 census and the 1985 follow-up survey, respectively, were doubled to create the
maximum observation time. Thus, the maximum observation time for the 1963 census cohort
was taken to be the 15 years until 1978 and for the 1975 census cohort, the 19 years until 1994.
We multiplied the maximal observation time by the probability factor to correct for the
probability of still living in Washington County.

Analyses of prostate cancer death and prostate cancer incidence were done according to the
smoking status (never, former, current cigarette smoker, pipe/cigar smoker only) at the time
of the censuses in 1963 and 1975, respectively. Current smokers further were classified
according to the number of cigarettes smoked per day. We calculated rate ratios (RR) and 95%
confidence intervals (CI) of prostate cancer mortality (1963 to 2000 or 1975 to 2000) or
incidence (1963 to 1978 or 1975 to 1994) using Poisson regression. Because age was a strong
negative confounder in these data, we controlled finely for age by entering it into the model as
a continuous term. Further adjustment for education and marital status did not change the RRs
appreciably. Therefore, multivariable RRs are not shown. All analyses were conducted using
SAS version 8.01 (SAS Institute, Cary, North Carolina).

Results
In the 1963 census, more than 50% of adult men were current smokers; only 14.5% reported
neither active nor passive smoking exposure (Table 1). In contrast, the proportion of never
active and never passive smoking was higher on the second census in 1975, while the
percentage of current smokers was lower than in the 1963 census. During the truncated and
weighted follow-up time of 15 years of the 1963 census cohort, 147 incident prostate cancer
cases were ascertained. During the truncated and weighted follow-up time of 19 years of the
1975 census cohort, 351 incident prostate cancer cases were ascertained. For prostate cancer
death, we did not truncate or weight the follow-up period; of the men who participated in the
1963 census, 240 died of prostate cancer between 1963 and 2000, and of the 1975 census
participants 185 men died of this disease between 1975 and 2000.

Current cigarette smoking was not statistically significantly associated with prostate cancer
incidence in either census cohort (Table 2). However, current cigarette smokers who smoked
at least 20 cigarettes per day had a non-significantly elevated risk of prostate cancer in both
censuses. Also, we observed a moderately, but not statistically significantly increased risk of
prostate cancer in former cigarette smokers and in ever cigar/pipe smokers in the 1963 census.
No association with former cigarette smoking or with current cigar/pipe smoking was seen in
the 1975 census cohort. No statistically significant associations between cigarette or pipe/cigar
smokers and incident prostate cancer were observed when considering only the first 10 years
of follow-up (Table 2).

Considering the total observation time until 2000 (37 years for the 1963 census cohort and 25
years for the 1975 census cohort), we did not observe an association between cigarette smoking
or cigar/pipe smoking and the risk of dying from prostate cancer in either of the two census
cohorts (Table 3). However, when including only the first ten years of follow-up of the 1963
census cohort, former smokers were more likely to have died from prostate cancer than never
smokers (Table 3). We observed a non-significantly increased risk of prostate cancer death for
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current smokers; this association was strongest in men who smoked 20+ cigarettes per day.
Positive associations for current and former cigarette smoking were also observed in the 1975
census cohort, although of lesser magnitude than in the 1963 census.

Discussion
In this prospective US study, we did not observe statistically significant associations between
cigarette or cigar/pipe smoking and prostate cancer mortality or incidence. However, current
and former cigarette smokers tended to have a higher risk of dying from prostate cancer during
the first ten years of follow-up than never smokers.

Only a few studies were able to investigate prostate cancer mortality and incidence over several
decades of follow-up.5,7,9,11,12 Our finding of no association between cigarette smoking and
prostate cancer incidence is compatible with the majority of other studies of this association,
although some studies have noted positive association with incidence.3

Prostate cancer mortality was positively associated with cigarette smoking in several large
cohort studies.4–7,11 We observed an elevated risk of prostate cancer mortality when we
considered the first ten years of follow-up, but not when considering total follow-up. This has
been reported previously.4 It might be that the extent of misclassification of smoking status is
less earlier in follow-up when using the baseline smoking status (i.e., census report) than later
in follow-up, when men may have subsequently quit smoking. One year after the 1963 census
the first US Surgeon General’s Report on the health consequences of smoking was released.
13 According to the 1989 US Surgeon General’s Report14 40% of men who were smokers in
the mid 1960s quit smoking within the next 20 years. Of 7,868 men who were current smokers
in the 1963 census and who participated in the 1975 census, 30.1% had quit smoking. Assuming
that misclassification of smoking status would be non-differential with respect to future risk
of death from prostate cancer, a possible association between smoking and prostate cancer
mortality would be underestimated. In a study by Hsing et al.,11 a statistically significant higher
risk of fatal prostate cancer was observed after 26 years of follow-up. However, with duration
of the follow-up the relative risk of dying from prostate cancer in smokers compared to never
smokers was increasingly attenuated.

Male smokers have higher serum estrogen concentration than non-smokers15 and smoking is
associated with an increased estrogen 2-hydroxylation in the liver causing the formation of 2-
hydroxyestrogens. The increase in these estrogen metabolites with low estrogen activity16 may
induce a more aggressive phenotype in the subset of prostate tumors that are hormone-sensitive
and, thus, increase the risk of death from prostate cancer.17 Smoking might cause mutations
in genes like p53, which may enhance the aggressive behavior of the tumor.4 Cigarette smoke
carcinogens like heterocyclic aromatic amines and polycyclic aromatic hydrocarbons are
metabolized and inactivated by glutathione S-transferase pi,18 which is absent in most prostate
cancers.19 This loss could increase the likelihood of damage through continued exposure of
the nascent prostate tumor to cigarette smoke carcinogens, resulting in the promotion of more
rapidly progressing prostate cancer.20 Alternatively, we cannot exclude that the higher risk of
death due to prostate cancer is caused by a combination of higher mortality in smokers and a
mis-attribution of death due to prostate cancer close in time to the time of prostate cancer
diagnosis. However, most of the follow-up time in this study occurred in the era prior to the
routine screening for elevated PSA when the cases were more likely to have been detected at
a clinically advanced stage, and, thus, more likely to have resulted in death.

Former smokers who had recently quit smoking had a higher risk of dying from prostate cancer
in the Health Professionals Follow-up Study.4 We also observed an increased risk of prostate
cancer death among former smokers, but we did not have information about when these men
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stopped smoking and could not determine if the risk would be higher in men who had quit
recently compared to men who had quit a longer time prior to the censuses.

Only older age, African-American race, and a family history of prostate cancer have
consistently been identified as risk factors for prostate cancer. We finely controlled for age in
this analysis and the two cohorts were predominantly Caucasian. Information on family history
of prostate cancer was not available, but the lack of adjustment for this is unlikely to have
confounded our results because family history of prostate cancer is unlikely to be strongly
correlated with smoking.

Cancer diagnosis was ascertained from the Washington County cancer registry. To be captured
by this registry, individuals must have resided in Washington County. In the analysis of prostate
cancer incidence, we accounted for different probabilities of moving out of Washington
County. By limiting our analysis to a short period of time and by including moving probabilities
we tried to minimize the consequences of loss to follow-up that was differential by smoking
status. Smokers were more likely to have moved out of Washington County, but any remaining
differential loss to follow-up that we could not account for would have been more likely to
have produced an underestimate of the smoking prostate cancer association than an
overestimation of the calculated risks. We did not apply the probability weights or restrict the
follow-up for the prostate cancer deaths analysis since deaths were ascertained through a
mechanism that was not restricted to those men who were very likely still living in Washington
County. Thus, the prostate cancer deaths analysis had greater power than the prostate cancer
incidence analysis to detect an association for smoking.

In conclusion, no association of cigarette smoking with prostate cancer incidence or mortality
overall was observed with long-term follow-up of respondents to two private censuses in
Washington County, MD. However, our finding of a higher risk of fatal prostate cancer early
in follow-up warrants further investigations into the effects of recent smoking on prostate
cancer. Future studies evaluating the long-term effects of smoking on prostate cancer require
multiple assessments of smoking status over time to minimize the possibility of
misclassification of smokers and non-smokers.
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Table 1

Distribution of age, marital status, education, and smoking status in men in the 1963 and the 1975 Washington
County, Maryland private censuses

1963 1975

N % N %

Age

 18–29 6,528 24.4 8,121 28.7

 30–39 5,599 20.9 5,205 18.4

 40–49 5,650 21.1 4,871 17.2

 50–59 4,356 16.3 4,708 16.6

 60–69 2,756 10.3 3,298 11.7

 70 or older 1,921 7.2 2,089 7.4

Marital Status1

 Married 20,780 77.8 21,720 76.9

 Widowed 928 3.5 748 2.7

 Divorced or separated 902 3.4 1,113 3.9

 Single 4,103 15.4 4,666 16.5

Education2

 Up to 8 years 9158 35.1 5,659 20.3

 8–12 years 13016 49.9 15,895 57.0

 13–16 years 3245 12.4 5,066 18.2

 16 years or more 687 2.6 1,263 4.5

Smoking Status

 No active, no passive 3,884 14.5 5,782 20.4

 Passive only 1,552 5.8 1,773 6.3

 Former cigarette 5,079 18.9 7,649 27.0

 Current cigarette 14,513 54.1 11,353 40.1

 Pipe/cigar3 1,782 6.7 1,735 6.1

1
marital status is missing for 97 men in the 1963 cohort and for 45 men in the 1975 cohort

2
education is missing for 704 men in the 1963 cohort and for 409 men in the 1975 cohort

3
assessed as ever smoked cigar or pipe in the 1963 census and as current cigar or pipe smoker in the 1975 census
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