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Prostate cancer is the most commonly diagnosed cancer in men. Evidence suggests that smokers may be at
increased risk of prostate cancer compared to non-smokers. In the present study we ask whether adult
men who smoke are also less likely to undergo screening for prostate cancer. Adult men aged 46 and
above completed a single questionnaire including demographic items and items concerning their smoking
status and previous testing for prostate cancer. The questionnaire also included an 11 item numeracy scale.
Compared to smokers, non-smokers and ex-smokers were around two times more likely to have undergone
screening for prostate cancer, and had been tested more frequently. Smokers are not only more likely to de-
velop prostate cancer, they are, paradoxically, less likely to undergo screening for prostate cancer. Health care
professionals need to be cognizant of individual differences in screening behavior and that smokers have a
reduced likelihood of choosing to screen.

© 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Prostate cancer is the most commonly diagnosed cancer in men,
with over 217,000 new cases and 32,000 deaths in 2010 (American
Cancer Society, 2010). The American Cancer Society highlights the
importance of early detection for increasing the likelihood of effective
treatment and recommends that males 50 years or older discuss pros-
tate screening with their health care providers. A number of factors
including age and family history (Chan, Jou, & Carroll, 2004) have
been linked to higher risk of developing prostate cancer. Studies
have also reported an association between smoking and increased in-
cidence of prostate cancer (Huncharek, Haddock, Reid, & Kupelnick,
2010) and higher risk of dying from prostate cancer (Watters, Park,
Hollenbeck, Schatzkin, & Albanes, 2009).

While the organic relationship between smoking and prostate
cancer is unclear, behavioral patterns may help account for a differ-
ence in mortality rates attributable to prostate cancer in smokers
and non-smokers. Indeed female smokers are less likely to undergo
breast and cervical cancer screening (Selvin & Brett, 2003), and a sim-
ilar pattern may be evident in the context of prostate cancer screen-
ing. In the present study we ask whether male smokers are less
likely to undergo screening for prostate cancer, and whether similar
trends apply to ex-smokers.

In addition to smoking status, numeracy skills may also predict
screening for prostate cancer. Researchers have found that scores on
tests of basic numeracy – including percentages, probabilities, and
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frequencies – positively predict both peoples' understanding of risks
related to cancer (Hanoch, Miron-Shatz, & Himmelstein, 2010; Rolison,
Hanoch, & Miron-Shatz, 2011), and the quality of health decisions they
make (Peters et al., 2006; Reyna & Brainerd, 2007). For example,
Ciampa, Osborn, Peterson, and Rothman (2010) reported that lower
numeracy related to less screening for colorectal cancer. Thus, we
may expect numeracy also to predict screening for prostate cancer.

2. Method

2.1. Participants

Adult men (N=308, mean age=58.80, SD=8.55, range 46 to
93 years) were recruited by Qualtrics. Qualtrics is a large research com-
pany based in the US that conducts quantitative and qualitative re-
search studies. Through Qualtrics, US participants were recruited in
two ways. Participants either signed up directly with one of Qualtrics
vendors online, or responded to an advertisement posted on selected
websites (including members' websites for airline VIP members and
restaurant club members). The questionnaire was completed online
and participants were compensated with cash-equivalent rewards (in-
cluding airline miles, magazine subscriptions, and gift cards). Two
(0.65%) had completed middle school, 140 (45.45%) had completed
high school, 132 (42.86%) had completed college, and an additional
34 (11.04%) had completed graduate school.

2.2. Procedure

Participants completed a single questionnaire including demo-
graphic items, questions regarding previous testing for prostate cancer
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Table 1
Logistic regression model used to predict testing for prostate cancer.

95% CI for Odds
ratio

Included b (SE) Odds ratio Lower Upper

Intercept −5.737 (1.219)
Age 0.079 (0.017)⁎⁎ 1.082 1.047 1.118
Income 0.002 (0.049) 1.002 0.911 1.103
Education 0.072 (0.202) 1.074 0.723 1.596
Numeracy 0.037 (0.052) 1.038 0.936 1.150
Non-smokers vs. smokers 0.665 (0.323)⁎ 1.945 1.033 3.661
Quitters vs. smokers 0.881 (0.326)⁎ 2.414 1.274 4.573

Note: R2=0.11 (Hosmer & Lemeshow), 0.14 (Cox & Snell), 0.18 (Nagelkerke).
Model χ2(6)=45.82, pb0.01.
⁎ pb .05.
⁎⁎ pb .01.
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and smoking status, and an 11 item numeracy scale (Lipkus, Samsa, &
Rimer, 2001).

3. Results

Half the sample (N=155, 50.32%) had previously undergone
some kind of prostate cancer screening. Digital rectal exam (N=85,
27.60%) and the prostate-specific antigen test (N=95, 30.84%) were
the most commonly used methods. Few had undergone a transrectal
ultrasound (N=9, 2.92%) or a biopsy (N=24, 7.80%).

With regard to smoking, 111 (36.04%) were non-smokers, 82
(26.62%) were smokers, and an additional 115 (37.34%) did not cur-
rently smoke but had previously (hereon: quitters). Almost half of
the smokers (39 of 82; 47.56) and most quitters (101 of 115; 87.83%)
indicated that they smoked, or had smoked in the past, at least one
packet of cigarettes per day. Quitters were significantly older (mean
age=62.28) than both the smokers (55.57; t(195)=6.192, pb0.001)
and non-smokers (57.59; t(224)=3.982, pb0.001). Non-smokers did
not differ significantly in age from the smokers (t(191)=1.776,
p=0.077). Four non-smokers reported having prostate cancer, com-
pared with six quitters, and no smokers.

Our key interest was the relationship between smoking status and
prostate cancer screening. Half of non-smokers (56 of 111, 50.45%)
and most quitters (73 of 115, 63.48%) had been screened for prostate
cancer. In contrast, less than a third (26 of 82, 31.71%) of smokers had
been screened. A binomial logistic regression – including all demo-
graphic variables (age, education, income, numeracy) – was con-
ducted to examine whether prostate cancer screening was related
to smoking status. The results of this analysis are provided in
Table 1. Age significantly predicted screening, so that older individ-
uals were more likely to be screened (see Table 1). Smoking status in-
dependently predicted prostate screening. Non-smokers were 1.95
times more likely to have been screened for prostate cancer than
Fig. 1. Percentage of smokers, quitters, and non-smokers screened for prostate cancer once,
smokers. Furthermore, quitters were 2.41 times more likely to have
been screened than smokers. There were no other significant
predictors.

Next, we examined the relationship between smoking and fre-
quency of screening for participants who had been screened at least
once. Of the 155 eligible participants, 144 answered this question.
Of the non-smokers who had previously been screened, 9 (18.37%)
had been screened once, 12 (24.49%) twice, and 28 (57.14%) three
or more times. Of the quitters, 15 (24.59%) had been screened once,
11 (18.03%) twice, and 35 (57.38%) three or more times. Thus, the
majority of non-smokers and quitters had been tested on three or
more occasions. In contrast, of the smokers, only 11 (32.35%) had
been screened three or more times, 4 (11.76%) had two screenings,
and the majority, 19 (55.88%), had been screened only once (see
Fig. 1). Thus, smokers were most likely to have been screened only
once, whereas quitters and non-smokers were most likely to have
been screened at least three times (see Fig. 1).

An ordinal regression analysis confirmed that smoking status, in-
dependent of age, predicted the number of screenings participants
had undergone for prostate cancer (coded 3=one screening,
2=two screenings, 1=three or more screenings). The results are
provided in Table 2. The odds of having undergone more screenings
for prostate cancer were 2.96 times greater for non-smokers than
for smokers, and 2.60 times greater for quitters than for smokers
(see Table 2).

4. Discussion

Around 50% of our sample of adult men had undergone screening
for prostate cancer, but this depended heavily on their smoking sta-
tus. Non-smokers were almost two times more likely to have under-
gone screening than smokers, and had been tested more times in the
past than smokers. This is despite the recent findings of others (e.g.
Huncharek et al., 2010) that smoking increases the risk of developing
prostate cancer and dying from prostate cancer. It now also seems
that these individuals are not only more likely to develop prostate
cancer and die from it, they are, as our data show, less likely to under-
go screening, and less likely to screen frequently.

The present findings cause serious concern for the health risks
faced by smokers, and may help explain the link between smoking
and cancer. While the organic link between health related behaviors
and prostate cancer remains unclear, behavioral predictors of screen-
ing can help explain mortality rates. Our results do not imply that
smoking status causes a lower likelihood of being screened, but
screening behavior does relate to smoking status. Individuals who en-
gage in unhealthy behaviors (such as smoking) are at increased risk
of both suffering from a disease and failing to detect it. However,
the trends reported here for smokers did not apply to ex-smokers
(those who do not currently but did smoke in the past). Our data
twice, or three or more times for those who had been screened on at least one occasion.



Table 2
Ordinal regression model used to predict number of previous screenings for prostate
cancer for those individuals previously tested.

95% CI for odds
ratio

Included b (SE) Odds ratio Lower Upper

Intercept: one previous test 4.457 (1.682)
Intercept: two previous tests 3.563 (1.667)
Age −0.047 (0.024)⁎ 1.048 1.001 1.099
Income −0.115 (0.065) 1.122 0.987 1.274
Education −0.016 (0.257) 1.016 0.614 1.682
Numeracy −0.012 (0.076) 1.012 0.872 1.175
Non-smokers vs. smokers −1.084 (0.459)⁎ 2.956 1.203 7.265
Quitters vs. smokers −0.957 (0.434)⁎ 2.604 1.113 6.098

Note: R2=0.13 (Cox & Snell), 0.14 (Nagelkerke), 0.07 (McFadden). Test of parallel lines
χ2(6)=6.46, p=0.374. Model χ2(6)=19.29, pb0.01.
⁎⁎pb0.01.
⁎pb0.05.
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show that quitters have not only a reduced risk of developing pros-
tate cancer (and other diseases), but also a greater likelihood of
screening. In our sample, quitters were more than two times more
likely to have undergone screening than smokers. Quitting smoking,
thus, would appear to have a robust effect on males' health behavior.

There is emerging evidence that cancer screening provides an ef-
fective vehicle for delivering health related advice. Over 50% of
smokers have been shown to quit or reduce their smoking within
6 months of enrolment to a lung cancer screening program (Ostroff,
Buckshee, Mancuso, Yankelevitaz, & Henschke, 2001). Health con-
cerns are reported as the single most important reason for quitting
smoking (Curry, Grothaus, & McBride, 1997), suggesting that provid-
ing smoking-related health advice in combination with cancer
screening may provide a highly effective intervention for smoking.
Our data, however, indicate that smokers are less likely to undergo
screening, and may miss a vital opportunity to receive the necessary
health advice. Clearly, increased emphasis needs to be made by health
care providers when discussing health related issues with smokers. A
more general issue here is that medical consultation needs to be tai-
lored to the individual's needs. Moreover, smokers may be less likely
to undergo other types of preventative care. Further research needs to
address whether smokers are less likely to comply with other health
care guidelines (such as general health check-ups and medical
treatment).

In the present study we also tested for numeracy skills as a predic-
tor of screening for prostate cancer. Others have shown tests of basic
numerical ability to positively predict the quality of health decisions
people make (Reyna & Brainerd, 2007). Low numeracy levels are
also linked to less screening for colorectal cancer (Ciampa et al.,
2010). One possible explanation for a link between numeracy and
screening is that the risks of cancer and the benefits of screening
are not well understood by those of low numerical ability. However,
in the present data we found that numeracy did not significantly pre-
dict whether men had previously been screened for prostate cancer
(see Table 1), or if they had, on how many occasions they had been
screened (see Table 2).

The results reported here identify smoking status as an important
predictor of screening for prostate cancer. We can only speculate
whether smoking status causes less screening or whether it is diag-
nostic of it. However, we can expect that smoking relates to a broad
range of health behaviors. Smokers engage in less physical activity
(Thompson & Warburton, 1992) and in general tend to have a poorer
diet than both non-smokers and quitters (Bolton-Smith, Woodward,
Brown, & Tunstall-Pedoe, 1993). The present findings strongly sug-
gest that smokers are also likely to differ from non-smokers and quit-
ters in their cancer screening practices. In light of our results,
increased emphasis needs to be made by health care professionals
when discussing preventive health care with individuals who
smoke. In doing so, this may provide an important means for deliver-
ing the necessary health advice to smokers.
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