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Abstract
Purpose—This study examined a cancer diagnosis, vs. orthopedic surgery, as a teachable
moment for recruiting smokers and treating nicotine dependence among patients’ relatives.

Methods—Cancer patients and, for comparison, orthopedic patients at the University of
Pennsylvania Health System were approached for referrals of relatives for a smoking cessation
program, which involved behavioral counseling and nicotine patches. Primary outcomes were rate
of program enrollment and rate of smoking abstinence. Potential mediators of smoking cessation
were explored (e.g., treatment adherence, depression, anxiety). Two-hundred thirty four relatives
(113 cancer, 121 orthopedic) were considered eligible for the cessation program and comprised
the study sample.

Results—Relatives of oncology patients were significantly more likely to enroll in the smoking
cessation program, vs. orthopedic relatives (75% vs. 60%; OR=1.96, 95% CI: 1.07-3.61, p=.03)
but they were not significantly more likely to remain in the program (61% vs. 52%) or quit
smoking (19% vs. 26%; p’s > .05). Compared to orthopedic relatives, oncology relatives showed
significantly lower nicotine patch adherence and significantly greater levels of negative affect and
depression and anxiety symptoms during treatment (p’s < .05). Further, orthopedic relatives,
compared to oncology relatives, showed a greater reduction in the perceived benefits of smoking
(p=.06), which was significantly associated with abstinence (p=.02).

Conclusions—While a family member’s cancer diagnosis may serve as a teachable moment for
a smoker to enroll in a smoking cessation treatment program, high levels of psychological distress
and perceptions of the benefits of smoking and low levels of treatment adherence may undermine
successful abstinence among this population.
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Introduction
Unfortunately, the past decade has seen a plateauing of the decline in smoking rates in the
United States (US) that was acheived since the 1950s [1]. While the limited choice of
medications to treat nicotine dependence and the inconsistent application of prevention
policies have contributed to this slow-down, the recent decline in smoking cessation rates
may also be due to the low rates of quit attempts and utilization of efficacious behavioral
and pharmacologic treatments [2-4]. Indeed, less than 10% of smokers trying to quit use
recommended behavioral treatments, only about one-third use an approved medication, and
only about 50% of smokers who consider a smoking cessation treatment program actually
enroll in the program [4,5].

Targeting recruitment methods to capitalize on a smoker’s temporary heightened motivation
to quit smoking may be an effective way to increase enrollment into a smoking cessation
treatment program. This approach, referred to as a teachable moment (TM), involves
proactively soliciting a smoker’s willingness to receive treatment for nicotine dependence
during a life event or transition where the salience of the adverse health consequences of
smoking is heightened [6]. Previous studies have documented the potential of TMs to
promote smoking cessation during physician visits, early detection screening, pregnancy,
and surgery [7-10].

Despite the intuitive appeal of the TM concept and hundreds of studies of interventions
delivered during a TM, studies of TMs for smoking cessation are limited [11]. Some data
support the TM concept, such as high rates of spontaneous smoking cessation among
pregnant women, cancer patients, and those undergoing lung cancer screening [12-14].
However, the notion that people may be more receptive to cessation treatment and more
likely to quit smoking in the context of a TM lacks adequate empirical support. Even more
unclear is whether a TM can promote smoking cessation among those indirectly affected by
a TM (e.g., smokers related to a cancer patient), thereby broadening the concept to primary
prevention. Determining the influence of TMs on smoking cessation has been difficult since
past studies have not compared enrollment or quit rates among those experiencing a TM to
controls not experiencing a TM or examined longitudinal changes in smoking after a TM.
Further, studies concerning a TM for smoking cessation have not evaluated potential
mediators of the relationship between a TM and smoking cessation so that a better
theoretical understanding of a TM for smoking may be ascertained [11].

This study used a prospective observational design with a comparison group to assess
whether a cancer diagnosis could lead to increased enrollment into a smoking cessation
program and increased smoking cessation rates among the patients’ relative. We compared
enrollment into a cessation program and cessation rates across two groups of smokers: 1)
relatives or spouses of newly-diagnosed cancer patients, and 2) relatives or spouses of
orthopedic patients, who served as a comparison group. Further, as suggested by McBride et
al. [11], we examined potential affective (depression, anxiety) and cognitive (perceived
benefits and drawbacks of smoking) changes that might occur during treatment and which
could mediate the effect of a TM on smoking cessation. We chose cancer patient relatives
since: 1) they may be considered to be undergoing a TM; 2) tobacco use rates can be high
among cancer patients and their relatives; 3) the etiology of malignancies is typically
perceived to be tobacco use; and 4) cancer patient relatives exhibit high levels of motivation
to quit [11].Orthopedic relatives were selected as the comparison group since orthopedic
conditions are not perceived as being tobacco-related and thus the relatives were not
experiencing a TM. The study objective was to assess the TM concept as a model for
guiding initiatives to increase use of proven treatments for nicotine dependence, thereby
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enhancing efforts to reignite the progress made over the past several decades in lowering the
rates of smoking in the US.

Methods
Methods

The study was conducted at the University of Pennsylvania Health System
from July, 2007 to January 2012—Procedures were approved by the site Institutional
Review Board. Newly-diagnosed cancer patients were contacted during a clinic visit by a
Research Assistant to ask if they had any relatives that they would like to refer to a smoking
cessation program. Relatives who were referred were contacted by telephone, assessed for
eligibility, and asked if they were interested in the cessation program. Likewise, patients
attending a clinic for orthopedic conditions (e.g., ligament damage repair) were asked for
referrals of relatives who smoke. These individuals were also contacted to assess eligibility
and willingness to participate in the cessation program. One referral was ascertained from
each patient to ensure independence of observations.

Eligibility for patients was medical record-confirmed cancer diagnosis within
the past 6 months (no exclusion for site of malignancy) or orthopedic
procedure within the past 6 months—For relatives, eligibility included: spouse/
relative of cancer or orthopedic patient, smoking at least 10 cigarettes/day, on average, age
≥18, living ≤50 miles of the site, no contraindication for use of nicotine patches (e.g., latex
allergy), no current substance abuse or serious medical condition (HIV, cancer), and no
current use of anti-psychotic medication or anti-depressants.

Once contacted, the relatives were informed that their information had been provided by the
patient to determine if they were interested in, and eligible for, a smoking cessation
program; relatives provided informed consent prior to further assessment. The cessation
program followed general guidelines [15] by providing 8 weeks of nicotine patches and four
counseling sessions. The counseling, used in previous trials [16], focused on: understanding
the risks of smoking, developing strategies to prepare for a quit date, learning ways to enlist
support, and implementing problem-solving techniques to avoid lapses. Once relatives were
determined to be eligible and informed about the cessation program, they were invited to an
in-person session to confirm eligibility and, if eligible, they were scheduled to start the
cessation program. The first primary outcome was whether or not participants attended the
in-person eligibility session and whether or not participants attended the first treatment
session. At the end of the 9-week program, participants who self-reported smoking
abstinence for the preceding 7 days were asked to provide a breath sample to measure
carbon monoxide (CO), the second primary outcome. Adherence to treatment was also
assessed.

Assessments
Covariates—A questionnaire assessed demographic and smoking characteristics (e.g.,
gender, race, current smoking rate); level of nicotine dependence was assessed by the
Fagerström Test for Nicotine Dependence (FTND; [17]).

Mediators—Based on McBride et al. [11], affective and cognitive measures were assessed
at pre- and post-treatment. Depression symptoms were assessed using the Center for
Epidemiologic Studies Depression Scale which correlates with clinical ratings of depression
severity [18], smoking behavior, and nicotine dependence [19]. Anxiety symptoms were
assessed using the state subscale of the State-Trait Anxiety Inventory [20], which has been
associated with smoking behavior [21]. To assess mood, the Positive and Negative Affect
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Scale (PANAS; [22]) was administered. The PANAS assesses positive (e.g., enthusiasm)
and negative (e.g., distressed) mood with 20 items and responses on this scale have been
associated with smoking [23]. Lastly, two cognitive processes were assessed [11]. For risk
perceptions, the 4-item Health Risk subscale from the Smoking Consequences Questionnaire
was used [24]. For outcome expectancies, the Decisional Balance Scale [25], a 20-item
measure of the benefits (pros) and drawbacks (cons) of smoking, was used.

Outcomes—There were two main outcomes: enrollment and cessation rates. Enrollment in
the smoking cessation program was defined as attending the in-person eligibility visit as
done previously [5]. This is a common assessment of enrollment since this is where most of
the variability in enrollment occurs. A secondary outcome variable for enrollment was
attending the first treatment session of the cessation program since this is when participants
actually receive the first treatment session and other studies have defined enrollment in this
way [26]. Those who were considered ineligible (n=5) at the in-person eligibility visit were
not considered for the second assessment of enrollment. The second primary outcome was
CO-confirmed 7-day point prevalence abstinence at the end of treatment (EOT; [16,27]).
Participants self-reporting abstinence but showing a CO rate of >10ppm were considered
smokers [28]. An intent-to-treat (ITT) model was used, meaning that participants who were
lost to follow-up were considered to be smokers at EOT. A completers-only analysis was
also conducted.

Adherence—As done previosuly, daily patch use was assessed by self-report [16]. At each
assessment during treatment, participants indicated if they used a patch on each day. The
mean number of days/week that the patch was used was computed for each week (i.e., 0-7
for each of the 8 weeks) as was a summary score (out of 64). Counseling session attendance
was recorded.

Analysis
Sample characteristics were examined and the relative groups were compared on potential
covariates (e.g., sex, FTND) using chi-square and t-tests. Logistic regression was used to
examine the relationship between relative group (cancer vs. orthopedic) and enrollment rate
(at eligibility visit and at the first treatment session) and EOT abstinence rate, controlling for
potential covariates. Odds ratios and 95% confidence intervals were computed. For
abstinence rates, separate models were computed for ITT and completers-only.

To assess potential mediators between the TM and cessation (ITT), differences over time
(pre-treatment to end-of-treatment) in terms of depression symptoms, anxiety symptoms,
positive and negative affect, perceptions of risk, and pros and cons of smoking were
examined. To establish mediation, relative group would significantly predict cessation and
the mediators, the mediators would predict cessation, and the relationship between relative
group and cessation would be notably reduced when the model includes the mediator [29].
The first step was assessed using logistic regression. For step 2, factorial analysis of
variance (ANOVA) was used. The relative group represented the between-group
independent variable and time (pre- to post-treatment) served as the within-group
independent variable. Separate models were conducted for each of the mediators and
evaluated by the F-test for the interaction between time and relative group. For step 3,
logistic regression was used with abstinence as the dependent variable, relative group
entered on the first step, and the mediator entered on the second step. A mediational
relationship would be represented by a statistically significant mediator and a reduction in
the relationship between relative group and cessation at the final step of the model.
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Lastly, ANOVA was used to examine differences between relative group in mean patch use
at each of the 8 weeks of treatment (and total) and chi-square was used to examine
differences between relative groups in attendance at the counseling sessions. The summed
patch adherence measure was examined as a potential mediator following the methods
described above. The Statistical Package for the Social Sciences (SPSS, Version 20) was
used.

Results
Sample and Covariates

742 patients (325 oncology, 417 orthopedic) provided 959 relative referrals; 252 referrals
were not reachable (107 oncology, 145 orthopedic) and 317 were not interested in the study
(136 oncology, 181 orthopedic). Of the 390 relatives phone screened (176 cancer, 214
orthopedic), 234 (113 cancer, 121 orthopedic) were considered eligible for the cessation
program and comprised the study sample (Table 1). Orthopedic relatives were older, more
likely to be female, and less likely to be of European ancestry (p’s < .05). Age, gender, and
race were included as model covariates predicting enrollment and cessation, as was level of
nicotine dependence since cessation program participation has been associated with this
variable [30,31].

Relative Group and Enrollment and Abstinence Rates
Overall, 67% of relatives attended the in-person eligibility assessment visit (157/234) and
49% attended the first treatment session (113/229). As shown in Figure 1, 75% of the
relatives of cancer patients attended this visit, compared to 60% of relatives of orthopedic
patients. Table 2 shows the results of the logistic regression models for enrollment rates and
abstinence rates with relative group as a predictor and controlling for covariates. Relative
group was a significant predictor of attendance at the in-person eligibility assessment visit
(OR=1.96, 95% CI: 1.07-3.61). Cancer patient relatives were more likely to attend the first
session of the cessation program, vs. orthopedic patients (61% vs. 52%; Figure 1), but this
difference was not statistically significant (Table 2).

To assess abstinence rates, the ITT sample was comprised of relatives who completed the
first cessation counseling session (n=129); one oncology relative became ineligible
immediately following completion of this counseling session and was excluded. Relative
group was not associated with abstinence rates at EOT in the ITT (orthopedic = 26%;
oncology = 19%) or the completers-only (orthopedic = 33%; oncology = 32%) models (see
Table 2 and Figure 2).

Mediators Analysis
The first assumption of mediational analysis was not satisfied since relative group was not
significantly associated with cessation. Nevertheless, we assessed steps 2 and 3 of
mediational analysis to explore potential reasons for the lack of effect. Table 3 shows the
pre-treatment vs. post-treatment changes in affective and cognitive factors thought to be
potential mediators of the effect of a TM on smoking behavior [11]. Compared to orthopedic
relatives, cancer relatives showed higher depression symptoms (F[1,87]=6.09, p < .05),
anxiety symptoms (F[1,88]=4.31, p < .05), and negative affect (F[1,88]=5.3, p < .05), and
higher pros of smoking, which approached significance (F[1,88]=3.67, p=.06). There were
no significant differences over time in risk perceptions and cons of smoking across relative
groups (p’s > .05). Only the change in pros of smoking was significantly associated with
cessation (F[1,88]=5.88, p < .02). Participants who quit smoking showed a greater reduction
in pros of smoking over time (pre-treatment M=27.3; post-treatment M=18.1) vs.
participants who did not quit smoking (pre-treatment M=25.0; post-treatment M=20.2). In
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the logistic regression model, with relative group entered on the first step and pros of
smoking entered on the second step, greater pros of smoking was significantly associated
with cessation (OR=1.07, 95% CI: 1.01-1.14, p < .05) and the odds ratio for relative group
decreased from 1.04 (95% CI: .43-2.54) to .81 (95% CI: .31-2.08).

Adherence
Orthopedic relatives showed significantly greater patch use during 6 of the 8 weeks of
treatment (weeks 2-7; p’s < .05). Weekly mean patch use among orthopedic relatives was:
5.8, 6.4, 6.1, 6.3, 6.3, 6.3, 5.7, and 4.8, compared to 5.4, 5.1, 5.0, 5.0, 4.7, 4.4, 3.9, and 3.9
for cancer relatives. Total mean patch use was greater among orthopedic relatives (M=43.8)
than cancer relatives (M=37.1; F[1,70]=4.75, p < .05). Orthopedic relatives showed greater
rates of counseling attendance for three of the final four sessions (87%, 74%, 80%, 80%),
vs. cancer relatives (77%, 76%, 67%, 61%), although only the final session was significant
(χ2 [1]=5.71, p < .05). Lastly, while participants who quit smoking reported greater patch
use (M=42.1), vs. participants who continued smoking (M=40.3), this was not statistically
different (p > .05).

Discussion
This study was designed to address the lack of rigorous examination of a TM for smoking
cessation. A cancer diagnosis was selected as the TM and, to broaden this concept to include
primary prevention, enrollment in, and response to, a smoking cessation treatment program
among relatives of a cancer patient represented indicators of a TM for smoking. For the first
time, a comparison group, theoretically not experiencing a TM, was included as a control
group. Lastly, to enhance understanding of a TM for smoking cessation, potential mediators
of a TM on smoking behavior were examined [11].

In support of a TM for smoking behavior, relatives of cancer patients were significantly
more likely to attend the initial program visit, vs. orthopedic relatives. This result is
consistent with a recent study using the National Cancer Institutes’s Health Information
National Trends Survey, which showed that smokers with a family member with a history of
cancer were significantly more likely to report that they intended to quit smoking [31]. As
seen in past studies [5], slightly more than one-half of the sample of orthopedic relatives, not
experiencing a TM, enrolled in the cessation program. In contrast, 75% of cancer patient
relatives enrolled in the program. According to this indicator of a TM for smoking, a cancer
diagnosis may serve as a cueing event that increases quit motivation. This suggests that
targeted recruitment of cancer patient relatives for a smoking cessation program could yield
enrollment rates that exceed the expectation in the general population by about 25%.
Increasing enrollment into smoking cessation treatment programs is seen as an essential
strategy to re-ignite the decline in US smoking rates [32].

However, contrary to our hypothesis, cancer patient relatives were not more likely to have
quit smoking following standard smoking cessation treatment, compared to orthopedic
relatives

This suggests that, while a TM for smoking cessation may spark initial enhanced motivation
to quit smoking, it may not be sufficient to ensure downstream behavioral change as
reflected by EOT abstinence. There are several plausible interpretations of these conflicting
effects. First, a TM for smoking cessation may have limited impact; it may enhance initial
quit motivation but may not have a sustaining effect on cessation. As such, additional
strategies to sustain the impact of a TM on behavior change may be necessary such as
greater involvement of the cancer patient or healthcare providers within the cessation
treatment program. Indeed, an ongoing clinical trial is currently evaluating the potential for a
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clinician-based TM smoking cessation treatment program for increasing cessation rates in
the context of primary care [33]. Likewise, the possible wider availability and use of
computed tomography screening for lung cancer, which has been associated with increased
quit motivation [34] and cessation [35], may represent an adjunctive intervention component
to sustain quit motivation and improve cessation rates among cancer patient relatives. In
particular, smoking cessation programs targeted to relatives of cancer patients could
incorporate lung cancer screening to further enhance quit motivation and, in turn, likelihood
for sustained tobacco abstinence.

Alternatively, relatives of cancer patients may require specific intervention components to
address barriers to cessation, namely the adverse psychological consequences of nicotine
abstinence, perceived benefits of smoking, and treatment adherence. While the formal
mediation analysis did not identify variables that may fully explain any relationship between
a TM and smoking cessation, the analyses did reveal several potential targets for further
intervention. Specifically, cancer relatives exhibit significantly greater psychological
distress during cessation treatment, maintenance of the benefits of smoking (e..g., releives
tension, makes happier) and poorer treatment adherence, compared to orthopedic relatives.
These are well-established predictors of successful abstinence in smoking cessation
treatment programs [36-38]. Specific intervention components to address psychological
distress [39], the perceived benefits of smoking [40], and medication adherence [41] have
been devised and may be necessary to incorporate if the benefits of a TM for smoking
cessation are to be fully realized.

These results should be viewed in light of study limitations. First, a randomized design
could not be used and, thus, differences between the relative groups may confound results.
Potential confounding variables were included as covariates in models but, in the absence of
randomization, there may still be important differences between the relative groups. Second,
the use of transdermal nicotine may have limited enrollment and cessation rates given its
reduced efficacy relative to newer medications for nicotine dependence and the likelihood
that many potential and enrolled participants had tried – and failed – to quit with nicotine
replacement therapy previously. It is unclear if use of the more efficacious medication,
varenicline (approved when this trial began), would have yielded different results, especially
since varenicline can mitigate abstinence-induced negative affect [42]. Lastly, while the
current study may advance knowledge of a TM for smoking behavior, a more thorough
assessment of the TM heuristic, including mediational analysis, is needed. Concepts such as
self-efficacy, motivation, and intention were not assessed as possible mediators of the TM-
smoking cessation relationship and may serve as important targets for future attempts to
assess models of a TM for smoking behavior. Further, since the mediational analysis
involved only participants in the treatment program, these analyses had limited statistical
power.

Nevertheless, this study fills a critical gap in the literature concerning a TM for smoking
behavior. This is the first study to use a comparison group to test whether smokers
experiencing a TM would show enhanced willingness to quit smoking and to formally
evaluate potential mediators of a TM for smoking. The study provides partial support for the
TM concept for smoking behavior in that cancer patient relatives were significantly more
likely than orthopedic relatives to enroll in the smoking cessation program. However, a TM
alone for smoking may not be sufficient to affect post-treatment abstinence since abstinence
rates did not differ across relative groups. While this may mean that a TM for smoking is
limited to initial motivation, cancer patient relatives’ psychological distress and poor
treatment adherence suggests that use of a treatment program that addresses unique
obstacles to cessation in this group of smokers may lead to more sustained effects of a TM.
Thus, while this study indicates that targeted recruitment of cancer patient relatives can rely
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on a TM to enhance use of nicotine dependence treatment, future work is needed to identify
the optimal treatment elements to capitalize on the benefits of a TM for smoking behavior.
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Figure 1.
Attendance Rates across Relative Groups
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Figure 2.
Abstinence Rates across Relative Groups
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Table 1

Participant Characteristics

Characteristic Orthopedic (n=121) Oncology (n=113) Overall (n=234) p

Sex (% Female) 62.0 50.4 56.4 .05

Age (Mean, SD) 49.2 (11.7) 44.7 (11.7) 47.0 (11.9) .003

Marital Status (% Married) 40.0 40.4 40.2 .98

Education (% College or Above) 10.5 18.6 14.7 .11

Race (% European Ancestry) 22.3 58.4 39.7 <.001

FTND (Mean, SD) 4.6 (2.0) 4.4 (2.3) 4.5 (2.1) .62

Cigarettes per day (Mean, SD) 15.3 (8.0) 17.6 (7.9) 16.5 (8.0) .09

Age started smoking (Mean, SD) 16.5 (4.1) 16.4 (5.7) 16.5 (5.0) .74

Note. FTND = Fagerström Test for Nicotine Dependence.
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Table 2

Prediction Models for Attendance and Abstinence

Model OR 95% CI p

Attendance at Eligibility

 FTND 2.70 1.25-5.84 .01

 Race 1.42 .86-2.35 .17

 Sex 1.44 .80-2.56 .22

 Age 1.03 1.01-1.06 .02

 Relative Group 1.96 1.07-3.61 .03

Attendance at Treatment

 FTND 1.55 .81-2.98 .18

 Race 1.30 .82-2.04 .26

 Sex 1.58 .92-2.78 .10

 Age 1.02 1.00-1.04 .10

 Relative Group 1.31 .74-2.30 .35

Abstinence (ITT)

 FTND .74 .27-2.04 .56

 Race 1.15 .61-2.17 .66

 Sex .89 .38-2.08 .79

 Age 1.01 .97-1.05 .71

 Relative Group .71 .29-1.71 .44

Abstinence (Completers)

  FTND 1.02 .34-3.11 .97

 Race 1.40 .74-2.65 .31

 Sex .77 .31-1.93 .59

 Age 1.00 .96-1.04 .93

 Relative Group .92 .36-2.35 .87

Note. Orthopedic coded as reference group.
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Table 3

Pre- vs. Post-treatment Differences in Mediators Between Relative Group

Variable Orthopedic Oncology F DF p

Pre-treat (M) Post-treat (M) Pre-treat (M) Post-treat (M)

Depression 14.5 9.6 13.3 13.7 6.09 1,87 .02

Anxiety 36.7 31.6 36.9 35.8 4.30 1,88 .04

Negative Affect 19.7 15.6 20.6 20.5 5.30 1,88 .02

Positive Affect 35.9 36.1 35.6 33.5 2.23 1,88 .14

Risk Perceptions 31.7 32.2 31.3 33.5 2.00 1,88 .16

Pros of Smoking 26.4 18.7 24.9 20.5 3.67 1,88 .06

Cons of Smoking 37.9 35.8 37.3 35.8 0.10 1,88 .75

Note. F tests the interaction between time and relative group.
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