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We examine the bidirectional relationships between cancer risk perceptions and smoking be-
havior among newly diagnosed cancer patients (N = 188) during hospitalization for surgical
resection, and at three and 12 months subsequently. Those with higher perceptions of risk
for developing another cancer at three months were most likely to abstain from smoking
by twelve months. Patients were relatively accurate in their cancer risk perceptions, with re-
lapsers and continuous smokers reporting higher levels of risk perceptions at twelve months.
Finally, those who quit smoking by 12 months felt at lower risk for developing cancer by
12 months. None of these relationships were significant between baseline and three months.
Results indicate that perceived risk of cancer recurrence may be clinically useful in motivat-
ing smoking cessation after the acute cancer treatment phase is over. This study justifies an
expanded theoretical framework attending to the distinct, prospective influences of illness
risk perceptions on health behavior, and of health behavior on illness risk perceptions.
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The perception of illness risk, defined as an in-
dividual’s belief about his or her chances of becom-
ing ill, is one of the most frequently cited constructs
in health behavior change theories (e.g., Ajzen and
Fishbein, 1980; Janz and Becker, 1984; Leventhal
and Cameron, 1987; Rogers, 1983; Sutton, 1982;
Weinstein, 1988). These theories universally propose
that increased illness risk perceptions are related to
the adoption of health protective actions, and thus re-
quire the use of prospective research designs in order
to examine the effect of a prior attitude (risk percep-
tion) on subsequent behavior change (Gerrard et al.,
1996a, 1996b; Weinstein et al., 1998; Weinstein and
Nicolich, 1993). This relationship has been widely
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examined in regard to a wide range of health pro-
tective actions, including the adoption of safer sex
strategies to prevent transmission of human immun-
odeficiency virus (see Gerrard et al. for a review),
cancer screening behaviors (see Vernon, 1999 for a
review), and smoking cessation (Norman et al., 1999).
However, given that the diffusion of a health pro-
tective action is an ongoing process, illness risk per-
ceptions are also likely to change subsequent to the
adoption of health protective actions. There is a lim-
ited literature documenting this (Aiken et al., 1995;
Brewer et al., 2004; Gerrard et al., 1996a, 1996b;
Gibbons et al., 1991).

These findings provide an opportunity to ex-
pand existent theoretical frameworks to include a
more complete set of expectations concerning the re-
lationships between illness risk perceptions and the
adoption of health protective behaviors. In his So-
cial Cognitive Theory, Albert Bandura (1986) en-
dorsed “reciprocal determinism,” such that health
cognitions and health behaviors each affect each
other over the course of time, and that only by
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understanding this dynamic can we understand be-
havior change maintenance. Bandura proposed that
self-efficacy for performing a behavior promotes
occurrence of that behavior, and that the perfor-
mance of the behavior, in turn, subsequently en-
hances self-efficacy. In the context of risk percep-
tions, Brewer and colleagues (2004) have clarified
three distinct, mutually exclusive hypotheses en-
compassing the relationships between illness risk
perceptions and behavior. These hypotheses form
the basis for theoretical expansion of the process
by which illness risk perceptions and behavior affect
each other bidirectionally over time. These hypothe-
ses are described below.

The Behavior Motivation Hypothesis

As described previously, this hypothesis asserts
that risk perceptions lead individuals to adopt health
protective actions. This is the hypothesis that is well-
described in health behavior change theories. This
hypothesis can be evaluated only prospectively, with
a measure of risk perception at one time point and
behavior at a later time point. This hypothesis is im-
portant because it identifies risk perceptions as criti-
cal precursors of subsequent behavior change.

The Accuracy Hypothesis

This hypothesis asserts that people who are en-
gaging in risk behaviors have higher risk perceptions
at any given time point. This is the only hypoth-
esis that can be assessed with a cross-sectional bi-
variate statistic (Brewer et al., 2004). Evidence for
this hypothesis regarding smoking behavior is well-
established, in that smokers’ illness risk perceptions
exceed that for non-smokers (Weinstein, 1999). An
example of the type of thinking implied by the accu-
racy hypothesis is, “I know that as a smoker, my risk
of developing cancer is higher than the risk for peo-
ple who do not smoke.” This hypothesis addresses
the extent to which people are correctly or incor-
rectly assessing their current risk status.

The Risk Reappraisal Hypothesis

Finally, this hypothesis asserts that if an ac-
tion is taken to decrease the risk of becoming ill,
then risk perceptions should decrease subsequent to
behavior change. Again, this hypothesis can only be

assessed prospectively, with risk perception AND be-
havior assessed at an initial date and then reassessed
at a later date. Two studies have examined this hy-
pothesis in the cancer context. Gibbons and col-
leagues (1991) found that smokers who quit after
smoking cessation treatment reduced their smoking-
related health risk perceptions. This study found that
relapsers reduced their risk perceptions even more
than did abstainers, indicating some defensive denial
of their risks. Aiken and colleagues (1995) found ev-
idence that the adoption of mammography led to re-
ductions in perceived risk for breast cancer. While
screening does not actually reduce future risk, this
study provides additional substantiation of a com-
mon process – adoption of health protective actions
can lead to changes in illness risk perceptions. Fur-
ther examination of this hypothesis is important be-
cause it may provide explanations for maintenance
over time, given that reduced risk perceptions may
serve as an ongoing impetus to continue health pro-
tective behaviors, such as smoking cessation or re-
peat cancer screening.

Taken together, careful assessment of all three
of these predicted relationships dictated by the be-
havior motivation, accuracy, and risk reappraisal hy-
potheses provide the opportunity to examine the
dynamic interplay of perceived risk and behavior
change over time.

The Current Study

The goal of this study is to examine these three
proposed relationships between cancer-related risk
perceptions and smoking behavior (behavior motiva-
tion, accuracy, and risk reappraisal) over the course
of one year among patients recently diagnosed with
lung and head and neck cancers. We believe this
sample provides a unique opportunity to examine
these factors across time, due to the salience of
thoughts about health risks and recurrence among
patients diagnosed with tobacco-related cancers, and
the fact that these perceptions may relate to di-
verse patterns of tobacco consumption after cancer
diagnosis (McBride and Ostroff, 2003). Schnoll and
colleagues (2003) examined whether cancer-related
risk perceptions influenced subsequent smoking be-
havior in those with tobacco-related cancers. These
authors found evidence for the behavior motiva-
tion hypothesis, such that lung and head and neck
cancer patients with higher cancer-related risk per-
ceptions were more likely to have quit smoking
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three months later. In an earlier cross-sectional paper
examining the same sample, Schnoll and colleagues
(2002) found that lung and head and neck cancer pa-
tients who quit smoking had higher cancer-related
risk perceptions than those who continued to smoke,
providing no evidence for the accuracy hypothesis.
The current study will extend this work by examin-
ing three reciprocal, mutually exclusive relationships
between cancer-related risk perceptions and smok-
ing behavior patterns, as proposed by Brewer and
colleagues (2004), over 12 months among patients di-
agnosed with tobacco-related cancers.

Clinically, this study may help us understand
whether cancer risk perceptions are of the greatest
motivational significance at the time of cancer diag-
nosis and treatment, or later as treatment demands
abate, as well as how risk perceptions may differen-
tially impact diverse patterns of smoking and quitting
after cancer diagnosis. Theoretically, the study may
provide further evidence for the value in address-
ing the multiple relationships between risk percep-
tions and behavior change across time within existent
health behavior theories.

METHOD

Participants

Patients newly diagnosed with either head and
neck or lung cancer were recruited to this study. Eli-
gibility criteria included all patients treated at Memo-
rial Sloan-Kettering Cancer Center who: (1) were di-
agnosed with either (a) squamous cell carcinoma of
the oral cavity, pharynx and larynx, or (b) Stage I,
II, IIIa non-small cell lung carcinoma; (2) had no
evidence of distant metastatic disease; (3) were di-
agnosed within the prior six months; (4) were at
least 18 years of age; (5) had evidence (from pa-
tient self-report or medical chart notes) of tobacco
use within 6 months prior to cancer diagnosis; (6)
were English speaking; and (7) provided informed
consent. The study was approved by the medical
center’s human subjects review board. Eligible pa-
tients were identified by weekly medical screening
for eligibility through the hospital’s computerized
disease management system, and by referrals from
medical staff. Most eligible patients were identified
and recruited for participation while they were in-
patients undergoing surgical treatment (62.2%). The
remaining patients (37.8%) were recruited as outpa-
tients (e.g., post-surgery or receiving chemotherapy

and/or radiation therapy). Of the 215 eligible patients
approached for accrual, 188 (87.4%) lung and head
and neck cancer patients provided informed consent
and constitute the final sample.

Table I shows that the sample consisted of pri-
marily lung cancer patients (65%), and the remain-
der had head and neck cancer (35%). Most pa-
tients’ diseases were at Stages I (40%) and II (38%).
The majority of the patients were Caucasian (92%).
Greater than half of the sample had completed at
least some college and had an income of $50,000 or
above.

Of the patients who did not participate (N = 27),
reasons provided for refusal included being too ill,
not wanting to be bothered, and being anxious or
avoidant. Most of the sample (62%) completed the
baseline assessment during hospitalization. The re-
maining patients completed their baseline assess-
ments after hospitalization.

Procedure

A trained research assistant approached eligi-
ble patients to offer them participation. The con-
senting process was always in person, and no mon-
etary compensation was offered. Efforts were made
to establish rapport and create a comfortable envi-
ronment that respected confidentiality and included

Table I. Characteristics of the Patient Sample

Characteristics Statistics N = 188

Gender (female) 96 (51%)
Age (yrs. mean, sd) 61 yrs (10)
Ethnicity (white) 172 (92%)
Education (partial college or above) 110 (59%)a

Income (above 50,000/year) 87 (52%)b

Cancer site
Lung cancer 122 (65%)
Head and neck cancer 66 (35%)

Primary tumor stagingc

Stage I 71 (40%)
Stage II 68 (38%)
Stage III 21 (12%)
Stage IV 17 (10%)

Tobacco use (7-day point abstinence)
Baseline 162 (87%)
3 Months 142 (84%)d

12 Months 119 (79%)e

Note. Statistics are N and percentages unless otherwise noted.
a2 did not respond.
b8 did not respond.
c11 did not respond (or did not know), n = 177 was the
denominator.
d19 missing, n = 169 was the denominator.
e38 missing, n = 150 was the denominator.
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assurances that any tobacco use information that the
patient provided would not be reported to the pa-
tient’s physician or other health care team members.
Most assessments were conducted by face-to-face in-
terview and took approximately 45 min to complete.
In a small number of cases, after providing consent,
patients completed the questionnaire at home and re-
turned it by mail, or a telephone interview was con-
ducted. Follow-up assessments were administered at
a clinic appointment or by telephone 3 and 12 months
later. Data from patients were collected on numer-
ous domains, including sociodemographics, smoking
history, medical events, physical symptoms, psycho-
logical distress, and social support for quitting. The
present analyses will focus on cancer-related risk per-
ceptions and smoking behavior across time.

Measures

Cancer-Related Risk Perception

Questions that assess a person’s future risk of
becoming ill and omit any behavioral intentions can
confound risk perception with intentions. Thus when
asked about her risk of developing another lung
cancer, a patient may feel her risk is lower than
other lung cancer survivors if she intends to quit
smoking immediately. Therefore, questions assess-
ing cancer-related risk perceptions should include a
conditional behavior statement if responses are used
to predict subsequent behavior change (e.g., Ronis,
1992). Therefore, head and neck cancer patients were
asked, “If you were to continue smoking, what do you
think your chances are of developing another head
and neck cancer? These patients were also asked the
same question concerning their chances of develop-
ing lung cancer, as well as any other form of cancer
(Gibbons et al., 1991). As such, head and neck cancer
patients were asked three questions concerning their
cancer risk perceptions. Lung cancer patients were
not asked their risk of head and neck cancer because
of low awareness of these cancers in the general pop-
ulation (Horowitz et al., 1995; Warnakulasuriya et al.,
1999); therefore lung cancer patients were asked only
two questions concerning their risk perceptions for
developing another lung cancer, or any other form
of cancer. All responses were measured on a 5-point
Likert-type scale ranging from 1 (not likely) to 5 (ex-
tremely likely). The mean of the items was used as
the conditional risk score (alpha reliability = 0.92) to
test the behavior motivation hypothesis.

We used a parallel set of risk perception ques-
tions that dropped the conditional statement, “What
do you think your chances are of developing the
following . . . (a) another head and neck cancer, (b)
lung cancer, and (c) any other form of cancer,”
(alpha reliability = 0.83) to test the accuracy and risk
reappraisal hypotheses because these hypotheses re-
flect attitudinal responses to actual – rather than fu-
ture – behavior, i.e., what are your chances of de-
veloping cancer given your current smoking behavior
(Brewer et al., 2004). This parallel set of questions
that dropped the conditional statement were asked
after the conditional risk questions.

We examined the extent to which context vari-
ables (hospital vs. outpatient recruitment, face-to-
face, mail, and telephone assessment) were related
to baseline levels of conditional and general risk per-
ceptions, respectively. No statistically discernible dif-
ferences were found (all ps > 0.05).

Tobacco Use

We assessed self-reported 7-day point absti-
nence at three time points (baseline, 3 months, and
12 months). Additionally, we biochemically con-
firmed 3 and 12-month self-reported abstinence using
urine cotinine, and we corrected our point abstinence
data for inconsistent reports (the disconfirmation
rate was 2.9% at 3 months and 2.6% at 12 months).
Based on available data, 7-day point-abstinence rates
were 87% at baseline, 84% at 3 months, and 79% at
12 months. As such, we identified patients as contin-
uous smokers if they were smoking at baseline and
again at 3 months. Late quitters included patients that
smoked at baseline but were abstinent at 3 months.
Patients were considered relapsers if they were absti-
nent at baseline but smoking at 3 months. Finally, we
identified abstainers as those who were abstinent at
baseline and 3 months. We identified these individ-
uals as abstainers rather than continuous abstainers
because we could not rule out slips to smoking be-
tween assessment periods (Hughes et al., 2003). The
12-month profiles were created in parallel fashion
based on 7-day point abstinence at 3 and 12 months.
We used participants’ reports of 7-day point absti-
nence to calculate 3-month smoking behavior pro-
files first, because this is an established algorithm
to examine prospective smoking behavior in can-
cer patients (Ostroff et al., 2000; Schnoll et al.,
2003), and second, because we thought that smok-
ing behavior change patterns over an extended time
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interval (i.e., a number of months) had more impor-
tant implications for intervention than smoking be-
havior over the most recent 7 days prior to assess-
ment (e.g., Hughes et al., 2003).

Physical Status

We also included assessments of patients’ stage
of disease assessed at baseline, as well as physi-
cal symptoms and medical events over the 1-year
period as potential covariates of the risk-smoking
behavior relationship. These factors could influence
patients’ assessments of their cancer-related risk per-
ceptions after cancer diagnosis. The Physical Symp-
toms subscale from the Memorial Symptom Assess-
ment Scale (MSAS; Portenoy et al., 1994) was used to
assess the existence of physical symptoms associated
with cancer and its treatment. The subscale assesses
the extent to which the following symptoms (lack of
appetite, lack of energy, pain, feeling drowsy, consti-
pation, dry mouth, nausea, vomiting, change in taste,
weight loss, feeling bloated, dizziness) bothered or
distressed them in the past week on a 5-point scale,
ranging from 0, “not at all” to 4, “very much.” In-
ternal consistency for the Physical Symptoms sub-
scale is high in our sample (Cronbach α coefficient =
.77). We assessed physical symptoms at baseline, 3
and 12 months. The mean physical symptom sum-
mary scores (range 0 to 48) were 14.7 (SD = 8.2)
at baseline, 10.5 (SD = 7.8) at 3 months, and 8.1
(SD = 7.2) at 12 months.

We computed two medical event scores – one
for interim cancer diagnoses and one for other medi-
cal events experienced since the last assessment. Pa-
tients reported cancer recurrences or new primary
cancer diagnoses (yes vs. no) between baseline and
3 months, and then between 3 and 12 months. At 3
and 12 months respectively, 2.5% and 12% of pa-
tients reported cancer recurrences or new primary di-
agnoses. We also assessed the occurrence of 7 other
medical events (planned hospitalizations, unplanned
hospitalizations, visits to urgent care, psychiatry con-
sultation, chemotherapy, radiotherapy, diagnosis of
another medical illness) that transpired between
baseline and 3 months, and 3 and 12 months. At 3
and 12 months respectively, 56.5% and 36.2% of pa-
tients reported at least one medical event.

Additionally, we included two measures of phys-
iological dependence to tobacco as additional covari-
ates. The Fagerstrom Test for Nicotine Dependence
(Fagerstrom et al., 1990; Heatherton et al., 1991)

measures dependence to nicotine and has good inter-
nal reliability (Cronbach’s alpha = 0.61), and pre-
dicts biochemical exposure (carbon monoxide and
salivary cotinine), withdrawal symptoms, and smok-
ing relapse (Heatherton et al., 1991; Lichtenstein and
Mermelstein, 1986). We also measured number of
cigarettes smoked per day at baseline. In this sam-
ple, average Fagerstrom Test Scores were 5.7 (sd =
2.2), and average number of cigarettes smoked per
day was 31 (sd = 14).

Specific Hypotheses

We separately examine three hypotheses as sug-
gested by Brewer and colleagues (2004). First, we
examine the behavior motivation hypothesis, and pre-
dict that those with higher cancer-related risk per-
ceptions at baseline will report abstinence in the
subsequent three months, and that those with higher
cancer-related risk perceptions at three months will
report abstinence in the subsequent nine months.
Next, we examine the accuracy hypothesis, and pre-
dict that patients who have continued to smoke will
have higher cancer-related risk perception at three
and 12 months. Finally, we examine the risk reap-
praisal hypothesis, and predict that those who quit
by three months will be more likely to reduce their
cancer-related risk perception at three months, and
then whether those who quit between three and
12 months are more likely to reduce their cancer-
related risk perception at 12 months. Unless other-
wise noted, listwise deletion was used when we did
not have complete data on all factors.4

RESULTS

Behavior Motivation Hypothesis

We first examined whether cancer-related risk
perception influenced subsequent smoking behavior.
In these analyses, we used a logistic regression model
for multinomial response variables (Agresti, 2002;
McCullagh and Nelder, 1999). Smoking behavior was
the dependent variable and the patients’ risk per-
ception was the independent variable. Two separate
multinomial models were fitted. The first examined

4Out of our initial sample of 188 patients, we retained 148 (79%)
at 12 months. Those who were retained at 12 month assessment
did not differ from those who were missing on baseline perceived
risk or smoking status (all ps > .05).
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whether or not risk perceptions assessed at base-
line predicted smoking behavior at 3 months follow-
up, using continued smokers as the reference group.
A statistically significant coefficient for risk percep-
tions indicates that risk perceptions assessed at base-
line reliably predicts subsequent smoking behavior at
3 months follow-up. The second multinomial logistic
regression tested whether or not risk perceptions as-
sessed at 3 months follow-up predicted smoking be-
havior at 12 months follow-up. Figure 1 is a visual
aide plotted to help interpret the results of the multi-
nomial logistic regression models.

Figure 1 shows how risk perceptions assessed
at baseline was associated with smoking behavior at
3 month follow-up (left panel) and how risk percep-
tions assessed at 3 months follow-up was associated
with smoking behavior at 12 months follow-up (right
panel). The points on Fig. 1 are the observed propor-
tions of patients in different smoking profiles. The
lines are predicted probability of smoking behavior
estimated by multinomial models, using smoking sta-
tus as the dependent variable and risk perceptions as
the sole predictor. As such, the left panel of Fig. 1
illustrates that at 3 months follow-up, over 80%

of the patients were abstinent. Patients who had
high baseline risk perceptions (e.g., those who gave
an average risk near ‘5’) were as likely to be
abstinent from baseline through three-month follow-
up as patients who had lower baseline risk percep-
tions. The model-predicted lines for other smoking
behavior profiles also support this observation, sug-
gesting no strong association between risk percep-
tions and abstinence at 3 months follow-up. The
coefficient associated with risk perceptions was not
statistically significant (χ2 [3, N = 166] = 0.07, p =
0.99), suggesting that there was no statistically dis-
cernible difference between the slopes of the four
lines. Risk perceptions at baseline did not predict
smoking status at 12 months either.

However, a strong association emerges between
risk perceptions and smoking behavior at the later
time period. This is seen in the right panel of Fig. 1.
The solid line (labeled “Abstainers”) shows that
the higher the risk perceptions at three months, the
more likely the patients are to be abstainers, and
less likely to be continuous smokers (the broken
line labeled “Continuous Smokers”). This multino-
mial model shows that risk perceptions assessed at

Fig. 1. Behavioral motivation hypothesis. Results from the multinomial regression
models are plotted as lines, along with the observed proportions plotted as points.
On the left panel, the multinomial model estimates the probability of smoking be-
havior profiles between baseline and three months as a function of the respondents’
baseline risk perception. At this time period, there is no association between risk
perception and smoking behavior. On the right panel, the model estimates the prob-
ability of smoking behavior profiles between three and 12 months as a function of the
respondents’ 3 month risk perception. Here, there is a strong association between risk
perception and smoking behavior.
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Fig. 2. Accuracy hypothesis. Cancer-related risk perception scores are plotted across smoking be-
havior profiles at different time periods. The error bars are the 95% confidence intervals of the
mean scores. At 3 months follow-up (left panel), the late quitters were similar to abstainers in their
self-appraisal of cancer risks, while relapsers and continued smokers gave slightly higher estimates
(not statistically significant by repeated measures ANOVA). At 12 months follow-up (right panel),
the trend became statistically significant.

3 months follow-up reliably predicted smoking be-
havior at 12 months follow-up (χ2 [3, N = 125] =
10.55, p = 0.01). Individuals who reported higher
perceived risk were significantly more likely to be ab-
stainers than to be continuous smokers or relapsers
(abstainers vs. continuous smokers: OR = 2.08 with
CI = [1.22, 3.57]; abstainers vs. relapsers: OR = 3.03
with CI = [1.42, 6.77]; abstainers vs. late quitters:
OR = 2.22 with CI = [0.70, 6.77]).

We next examined whether baseline stage of dis-
ease, baseline Fagerstrom score, baseline cigarettes
per day, or other physical status variables (physi-
cal symptoms, presence of cancer diagnoses or other
medical events at 12 months) affected the signifi-
cant relationship between cancer-related risk percep-
tion at three months and subsequent smoking profile.
To do this, we added them as additional simultane-
ous predictors in the multinomial logistic regression.
None of these covariates contributed significantly to
12 month smoking profile (all ps > .05).

Accuracy Hypothesis

We next examined whether risk perceptions ac-
curately reflect risk behavior. Figure 2 plots the re-

spondents’ risk perceptions across smoking profiles
at different time periods. The bars on the left are
the risk perceptions and smoking behavior profiles at
3 month follow-up, and the bars on the right are
the risk perceptions and smoking behavior profiles at
12 month follow-up. The error bars are 95% confi-
dence intervals of the mean risk perceptions scores.
Figure 2 shows that, at 3 months, abstainers reported
an average perceived risk of 1.9 (almost a 2.0, a
“Somewhat Likely” response). Relapsers and smok-
ers reported slightly higher perceived risk, at 2.3 and
2.5, respectively. However, as can be gauged by the
overlapping confidence intervals, these differences
were not statistically significantly different by a uni-
variate analyses of variance (ANOVA; F [3, 157] =
1.06, p = 0.37).5

The right panel of Fig. 2 shows that, at 12
months, abstainers reported an average perceived
risk of 2.1 (slightly above “Somewhat Likely”),
while relapsers and smokers reported higher per-
ceived risk at 2.8 and 2.6, respectively (3.0 repre-
sents a “Moderately Likely” response). A second

5We did not test the accuracy hypothesis at baseline because we
did not have available data to calculate smoking behavior profiles
at that time period.
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ANOVA showed that these averages were statis-
tically different and thus supported the accuracy
hypothesis (F [3, 138] = 3.2, p = 0.03). Fisher’s Least
Significant Difference pairwise tests indicated that
abstainers reported significantly lower cancer-related
risk perceptions at 12 months than either continu-
ous smokers or relapsers (p < 0.05). We next ex-
amined whether baseline stage of disease, baseline
Fagerstrom score, baseline cigarettes per day, phys-
ical symptoms, cancer diagnoses, or other medical
events at 12 months influenced 12-month cancer-
related risk perception over and above smoking be-
havior profile. The accuracy hypothesis remained sig-
nificant above and beyond the impact of the entered
covariates (F [3, 107] = 3.07, p = 0.03). Those who
had a new cancer diagnosis between three and
12 months had higher risk perceptions than those
who did not (F = [1, 107] = 12.3, p = 0.001). Base-
line stage of disease, physical symptoms, Fagerstrom
scores, cigarettes per day, and other medical events
were not significantly related to cancer-related risk
perceptions at 12 months (ps > 0.05).

Risk Reappraisal Hypothesis

Finally, we examined whether those who change
their smoking behavior subsequently reduce their
cancer-related risk perceptions. In Fig. 3, the top-
left panel shows how risk perceptions changed from
baseline to three months among patients with dif-
ferent smoking profiles at three months. For exam-
ple, late quitters assigned an average risk perception
score of 2.48 at baseline, and at three months a score
of 1.94 (reduced by 0.54). The change scores are plot-
ted in the lower-left panel as histograms. The accom-
panying error bars represent the 95% confidence in-
tervals of the change scores.

There was not a significant change in risk per-
ception across time and smoking behavior profile
between baseline and 3-month follow-up, but there
was in the 3-month to 12-month time period, in-
dicating support for the risk reappraisal hypothe-
sis. As seen in Fig. 3, cancer-related risk percep-
tions increased between 3 and 12 months among the
relapsers (p = 0.001) and abstainers (p = 0.03). The
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histograms at the lower right panel show that at
12 months, relapsers tended to shift their risk per-
ceptions up, while those in other smoking behavior
profiles did not.

Finally, we examined whether baseline stage
of disease, baseline Fagerstrom score, baseline
cigarettes per day, physical symptoms, cancer diag-
noses, or medical events influenced risk reappraisal
at 12 months by adding these variables as simulta-
neous covariates in the repeated measures ANOVA.
The interaction term (risk perceptions across time by
smoking behavior profile at 12 months) remained sig-
nificant (F [3, 102] = 4.82, p = 0.004). Additionally,
there was a significant interaction term for risk per-
ceptions across time by cancer events (F [1, 102] =
6.9, p = 0.01) and for risk perceptions across time by
cigarettes per day (F [1, 102] = 6.3, p = 0.01), such
that people who reported a cancer event and greater
baseline numbers of cigarettes per day also reported
an increase in cancer-related risk perceptions from
three to 12 month assessment.

DISCUSSION

This study evaluates three discrete hypothesized
longitudinal relationships concerning cancer risk per-
ceptions and biochemically-confirmed smoking pat-
terns in a sample of patients newly diagnosed with
head, neck, and lung cancers over 12 months. The
findings confirm the importance of testing these hy-
potheses through separate analyses. We found evi-
dence for all three hypothesized relationships (be-
havior motivation, accuracy, and risk-reappraisal)
between cancer-related risk perceptions and post-
cancer diagnosis smoking patterns between 3 and
12 months. These results were significant despite
our modest sample size and 21% attrition over
12 months. First, cancer-related risk perceptions pre-
dicted subsequent quitting behavior (behavior mo-
tivation), so that those with higher cancer-related
risk perceptions at 3 months were most likely to
subsequently abstain from smoking, rather than to
smoke continuously. Second, those with different
post-diagnosis smoking profiles reported different
levels of risk perceptions (accuracy). Relapsers ap-
peared to be particularly sensitive to their risks,
as those who relapsed to smoking by 12 months
reported the highest cancer-related risk perceptions.
Finally, changes in risk perceptions were dictated by
smoking behavior profiles (risk reappraisal), as pa-
tients who relapsed by 12 months showed the great-
est increase in their risk perceptions at 12 months.

These findings are consistent with extensive
prior work establishing that heightened illness risk
perceptions are a motivator of subsequent behav-
ior change in diverse contexts (Gerrard et al., 1996a,
1996b; Vernon, 1999), including smoking cessation
with asymptomatic individuals (Norman et al., 1999).
Our current findings are also consistent with work
establishing that smokers are relatively accurate in
their risk perceptions for developing tobacco-related
cancer, rating themselves at higher risk for illness
than do nonsmokers (Weinstein, 1999). In contrast,
however, Schnoll and colleagues (2002) found that
head and neck and lung cancer patients who had
quit smoking had higher health risk perceptions than
those who continued to smoke. Finally, our findings
are consistent with prior literature confirming that
changes in risk behaviors lead to subsequent changes
in perceptions of risk. For example, Gibbons and col-
leagues (1991) found that smoking cessation clinic
patients who successfully quit after a group interven-
tion subsequently reduced their perceptions of risk
for developing smoking-related illnesses (heart dis-
ease, emphysema, cancer); relapsers reduced their
perceptions of risk to an even greater extent, indi-
cating some defensive denial.

However, the relationships described above
were not evident for the earlier time period, which in-
cluded the period immediately post-surgery through
3 months, indicating the value of assessing these
patients over a longer time period. This is not
consistent with recent work (Schnoll et al., 2003)
which showed that cancer patients’ cancer-related
risk perceptions were related to smoking cessation at
3 months. This may be due to the fact that Schnoll
and colleagues assessed perceptions of a broad range
of non-cancer related health risks of continued smok-
ing, as well as perceived risk of cancer recurrence,
in their six-item measure of risk perceptions. Indeed,
more acute smoking-related risks for surgical com-
plications, treatment side effects, and slowed rate of
recovery may be more important motivators of ces-
sation during cancer treatment, with risk of recur-
rence emerging only later as a predictor of mainte-
nance of tobacco cessation. The potential predictive
value of other perceived risks of continued smoking
warrant examination in future studies. Conceptually,
these findings reinforce the importance of cancer
diagnosis as a “teachable moment” for smoking ces-
sation, but caution that cancer risk perceptions may
be a more important mechanism for smoking cessa-
tion maintenance (e.g., McBride et al., 2003). Addi-
tionally, physician advice, social support for quitting
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or psychological distress may be more important pre-
dictors of cessation during acute cancer treatment.

Another important study finding involves the
fact that levels of nicotine dependence and physical
status variables (disease stage, physical symptoms,
and medical events) did not change the hypothe-
sized relationships between cancer-related risk per-
ceptions and post-diagnosis smoking pattern. Those
who experienced a new cancer event felt at higher
risk than those who did not; even so, smoking profile
remained an important predictor of cancer-related
risk perceptions. Similarly, those who experienced a
new cancer event and those who smoked a greater
number of cigarettes per day at baseline increased
their risk perceptions over time, yet smoking pro-
file continued to significantly predict changes in risk
perceptions over time. In contrast with prior liter-
ature (Gibbons et al., 1991), our findings do not
point to particular defensive denial or cognitive dis-
sonance on the part of those patients who continue to
smoke. Relapsers and continuous smokers both as-
sessed higher 12 month cancer risk than those who
had quit, and relapsers showed the greatest increase
in risk perceptions at 12 months. Perhaps defen-
sive denial is a more plausible response to smok-
ing relapse in smokers not affected by cancer, such
as those assessed by Gibbons and colleagues (1991).
Relapsers in the current study had already experi-
enced a smoking-related health event that could limit
defensive denial of future risk. Despite the fact that
those who continued to smoke were relatively accu-
rate concerning their cancer risk, it is certainly possi-
ble that there were ways that they under-appreciated
the risks that went unmeasured in the current study.
These findings point to the importance of continued
research addressing health cognitions in smoking ces-
sation and the determinants of long term mainte-
nance of cessation after important health events.

The study findings also provide important justi-
fication for continuing attention to the multiple im-
portant relationships between risk perceptions and
smoking cessation in other groups of smokers, in-
cluding asymptomatic smokers. Here, the literature
is mixed, with some studies indicating a positive rela-
tionship between risk perceptions and quitting inten-
tions (Curry et al., 1997; Norman et al., 1999; Strecher
et al., 1985), and some studies failing to find the
expected positive relationship (e.g., Kirscht et al.,
1989; Milam et al., 2000). The use of cross-sectional
designs, and a failure to examine the influence of
smoking cessation on subsequent risk perceptions,
could potentially account for discrepant findings.

We note limitations of the current study.
First, we utilized a predominantly Caucasian, highly
educated sample of cancer patients; therefore, find-
ings may not generalize to the total population of
cancer patients in the United States. In some cases
where the cell sizes may drop to below 20, our find-
ings are relatively unstable and may depart from the
best estimates we report. In such cases confidence
intervals are plotted to indicate the wide margin
of errors. The examination of risk perceptions and
smoking cessation in racially and ethnically diverse
cancer patients is an important next step in this re-
search, especially because diverse cultural and eth-
nic approaches to risk perceptions are understud-
ied (e.g., Weber and Hsee, 2000). Second, measure-
ment strategies for assessing risk perceptions have
been widely criticized (Stefanek et al., 2004), and thus
the questions utilized here may not fully capture
participants’ perceptions of their risk of cancer re-
currence. Our dependent variable (post-diagnosis
smoking patterns) was calculated based on repeated
7-day point abstinence, which could have resulted in
us designating as “abstinent” those individuals who,
while having biochemically-confirmed abstinence at
2 time points, could have had a slip to smoking within
the designated time period. However, the smoking
behavior profiles used in the present study were
modeled on previous published work (Ostroff et al.,
2000; Schnoll et al., 2003), are amenable to biochem-
ical verification, and, consistent with current clinical
treatment practice, provide some leeway for “slips”
between assessments that are not considered to be
full-blown relapses. Finally, we did not pilot test our
cancer risk perception measures with cancer patients,
in particular.

Despite these limitations, this study adds to a
small literature prospectively examining the relation-
ship of health cognitions and smoking cessation over
time in the cancer context. Clinically, the study jus-
tifies characterization of smoking cessation after can-
cer diagnosis as a dynamic, interactive process where,
after the most immediate diagnosis and treatment
period, cancer-related risk perceptions motivate
abstention from smoking, and abstention from smok-
ing reduces risk perceptions over time. These re-
ductions in risk perceptions among quitters may be
useful in reducing worries regarding possible disease
recurrence. Relapsers stand out as being particularly
sensitive to their risks of recurrence, reporting the
highest cancer related risk perceptions at 12 months,
and the most increase in risk perceptions from 3
to 12 months. This may be because relapsers’
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behavior patterns were counter to their desires and
intentions to avoid smoking, and thus they could per-
haps be encouraged to make a subsequent quit at-
tempt. As well, this study confirms the theoretical im-
portance of risk perceptions as an important area of
investigation in cancer prevention and control. Fu-
ture prospective assessments of risk perceptions and
cancer risk behavior change could help us understand
negative findings between risk perceptions and be-
havior change, expand existing health behavior the-
ories, and develop more nuanced health behavior
change interventions.
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