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Abstract
The prevalence of tobacco smoking among persons with recurrent pain is approximately twice that
observed in the general population. Smoking has been associated with the development and
exacerbation of several chronically painful conditions. Conversely, there is both experimental and
cross-sectional evidence that pain is a potent motivator of smoking. A recent study provided the
first evidence that laboratory-induced pain could elicit increased craving and produce shorter
latencies to smoke (Ditre & Brandon, 2008). To further elucidate interrelations between pain and
smoking, and to identify potential targets for intervention, the current study tested whether several
constructs derived from social-cognitive theory influence the causal pathway between pain and
increased motivation to smoke. Smokers (N = 132) were randomly assigned to one of four
conditions in this 2 × 2 between-subjects experimental design. Results indicated that
manipulations designed to (a) challenge smoking-related outcome expectancies for pain reduction,
and (b) enhance pain-related coping, each produced decreased urge ratings and increased latencies
to smoke, relative to controls. An unexpected interaction effect revealed that although each
manipulation was sufficient to reduce smoking urges, the combination was neither additive nor
synergistic. These findings were integrated with those of the extant literature to conceptualize and
depict a causal pathway between pain and motivation to smoke as moderated by smoking-related
outcome expectancies, and mediated by the utilization of pain coping behaviors.
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Cigarette smoking remains the leading preventable cause of morbidity and mortality in the
United States, accounting for more than 435,000 deaths each year and an estimated $193
billion in annual medical expenses and lost productivity (CDC, 2008a, 2008b). The recently
updated U.S. Department of Health and Human Services’ Clinical Practice Guidelines for
Treating Tobacco Dependence identified smokers with comorbid medical conditions as
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important targets for tobacco cessation (Fiore et al., 2008). We have further proposed that
some medical conditions and their associated symptoms (i.e., pain) may also serve to
increase, reinforce, or prolong tobacco dependence (Ditre & Brandon, 2008).

Pain and smoking have been linked in both the clinical and empirical literature for decades.
In fact, the prevalence of smoking among individuals who live with pain has been estimated
to be greater than twice that of the general population (e.g., Jamison, Stetson, & Parris,
1991; Michna et al., 2004). Studies of interrelationships between pain and smoking can be
usefully dichotomized into investigations of either the effects of smoking on pain (e.g.,
smoking causing, increasing, or inhibiting pain), or the effects of pain on smoking (e.g., pain
increasing smoking motivation), with the latter direction having received far less empirical
attention.

Tobacco smoking has been associated with the occurrence, protraction, and exacerbation of
several chronically painful conditions, including musculoskeletal pain, rheumatoid arthritis,
oral pain, headache activity, and fibromyalgia (e.g., Aamodt, Stovner, Hagen, Brathen, &
Zwart, 2006; Albano, Santana-Sahagun, & Weisman, 2001; Eriksen, Brage, & Bruusgaard,
1997; Palmer, Syddall, Cooper, & Coggon, 2003; Payne et al., 1991; Riley, Tomar, &
Gilbert, 2004). However, consistent with experimental evidence of acute smoking-related
analgesia (e.g., Girdler et al., 2005; Jamner, Girdler, Shapiro, & Jarvik, 1998), there is
reason to believe that some smokers may be motivated to use tobacco in response to pain.
Indeed, researchers have proposed that the avoidance, relief, or both, of pain may be a
powerful behavioral reinforcer and an important mechanism in the maintenance of smoking
(Fertig, Pomerleau, & Sanders, 1986; Jarvik, Caskey, Rose, Herskovic, & Sadeghpour,
1989; Pomerleau, 1986; Silverstein, 1982).

Support for the hypothesis that pain may promote smoking can be derived from cross-
sectional studies which have demonstrated that persons experiencing chronic or intermittent
pain are more likely to be current tobacco users and to be diagnosed as nicotine dependent
(Zvolensky, McMillan, Gonzalez, & Asmundson, 2009). Individuals in pain also tend to
report greater motivation to smoke (Jamison et al., 1991) and increased cigarette
consumption (Hahn, Rayens, Kirsh, & Passik, 2006). Positive correlations between pain
severity and smoking rates have also been reported (e.g., Davidson, Davidson, Tripp, &
Borshch, 2005; Ditre et al., under review; Fishbain et al., 2007; Waldie, McGee, Reeder, &
Poulton, 2008). It is important to note, however, that the apparent covariance between pain
and smoking may reflect either smokers’ use of tobacco to cope with pain, the contribution
of smoking to the occurrence or aggravation of painful conditions, or both. Therefore, to
address the issue of causality, Ditre and Brandon (2008) conducted an experimental
investigation to test the effect of situational pain on motivation to smoke tobacco.

Ditre and Brandon (2008) hypothesized that laboratory-induced cold-pressor pain would
increase urges to smoke and immediate smoking behavior. In that between-subjects design,
132 smokers were randomly assigned to either pain (cold pressor test, 0–1° C) or no pain
(room-temperature water) conditions. Following the pain manipulation, all participants
completed measures of mood and desire to smoke, and were given the opportunity to smoke
one of their own cigarettes. As hypothesized, participants who underwent pain induction
reported significantly greater urges to smoke and demonstrated quicker latencies to light a
cigarette than participants who did not experience pain. In addition, the effect of pain on
craving to smoke was partially mediated by pain-induced negative affect. This study
provided the first experimental evidence that situational pain is a causal motivator of
smoking.
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To better understand interrelationships between pain and smoking, and to identify important
targets for intervention, there is a need to examine theory-driven mechanisms that may
underlie the causal relation between situational pain and increased motivation to smoke. In
examining the respective pain and smoking literature, several social-cognitive constructs
(Bandura, 1977, 1986) were observed as particularly salient across these domains (i.e.,
smoking-related outcome expectancies, coping behaviors, and coping self-efficacy/outcome
expectancies).

Smoking-related outcome expectancies
Cognitive processes, including drug and alcohol outcome expectancies, are prominent
among theories of addiction motivation (Brandon, Herzog, Irvin, & Gwaltney, 2004). Such
expectancies may be conceptualized as dynamic, memory-based information templates that
become part of anticipatory, automatic behavioral sequences leading to the use of
substances, including tobacco (Goldman, 1999, 2002). Indeed, many theoretical models
have incorporated outcome expectancies into the causal chain that leads to drug use and
relapse (e.g., Brandon, Wetter, & Baker, 1996; Cooper, Russell, & George, 1988; Marlatt &
Gordon, 1985). Smoking-related outcome expectancies have been associated with multiple
indices of smoking motivation, and there is clear evidence that heavier, more dependent
smokers hold more positive expectancies about the consequences of smoking than do lighter
smokers or nonsmokers (Brandon, Juliano, & Copeland, 1999). There is also evidence that
smoking-related outcome expectancies, particularly those related to negative affect
reduction, can be experimentally challenged and successfully manipulated (Copeland &
Brandon, 2000).

Coping behaviors
Coping behaviors represent a vast collection of cognitive and behavioral strategies that
individuals use to deal with or manage specific stressors such as pain. For example, several
cognitive strategies (e.g., cognitively transforming noxious stimulation and utilizing
distraction) appear to be effective for reducing experimental pain (Devine & Spanos, 1990;
Rokke, Fleming-Ficek, Siemens, & Hegstad, 2004). Tobacco and other substances have
been hypothesized to help people cope with stress by regulating affect (Brandon et al., 1996;
Kassel, Stroud, & Paronis, 2003), facilitating distraction (Brandon & Baker, 1991; Steele &
Josephs, 1990), or enhancing performance (Heishman, 1999). One such model posits that
people become psychologically reliant on substances they use to cope with stressors (Wills
& Hirky, 1996). Using substances to cope may hinder the development of superior coping
strategies and lead to greater dependence (Cooper et al., 1988).

Coping self-efficacy and outcome expectancies
According to social learning theory, effective pain coping is likely a function of both
believing that the behavior can be successfully executed (i.e., coping self-efficacy), and that
engagement of the coping response will lead to amelioration of pain (i.e., coping outcome
expectancy). Indeed, research has demonstrated that using a coping strategy (particularly
when enhanced with positive self-efficacy feedback) can effectively reduce pain reactivity
(e.g., ratings of pain severity, negative affect) in both clinical and experimental settings
(e.g., Devine & Spanos, 1990; Haythornthwaite, Menefee, Heinberg, & Clark, 1998; Jensen,
Turner, & Romano, 1991; Keefe et al., 1997; Marino, Gwynn, & Spanos, 1989; Rosenstiel
& Keefe, 1983).

The main goal of the current study was to test experimentally, these social-cognitive
constructs that may influence smokers’ responses to situational pain. Specifically, we
hypothesized that manipulations designed to (a) challenge smoking-related outcome
expectancies for pain coping/reduction (herein referred to as the Expectancy Challenge), and
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(b) introduce and enhance pain-related coping (herein referred to as the Coping
Enhancement), would each reduce post-pain induction motivation to smoke (as indexed by
self-reported urge to smoke and immediate smoking behavior), when compared with control
conditions.

The Expectancy Challenge was designed to manipulate a construct that has been shown in
the smoking literature to influence craving and smoking behavior (e.g., Brandon et al., 1999;
Copeland & Brandon, 2000), whereas the Coping Enhancement was designed to manipulate
variables (i.e., coping, coping self-efficacy, and pain-related outcome expectancies) that
have been shown in the pain literature to predict various indices of pain reactivity (e.g.,
Devine & Spanos, 1990; Rokke et al., 2004). Thus, the current study sought to integrate
empirical literature from the domains of smoking and pain, respectively.

This study was also intended to serve as an analogue test of variables that may merit further
investigation for their capacity to influence the development of interventions for persons
with comorbid pain and addiction disorders. The ultimate goals of this work are to better
understand the relationship between pain and smoking, and to develop smoking prevention,
cessation, and relapse-prevention interventions for tobacco-dependent smokers in pain.

Method
Participants

Newspaper advertisements (seeking participants for a study on smoking and mood) were
used to recruit 132 smokers (50% female). The sample size was selected to allow for
adequate power (i.e., .81) to detect ‘medium’ sized effects at the two-tailed α = .05 level
(Cohen, 1988). Prospective participants were screened for the following inclusion criteria:
between 18 and 65 years of age (M = 39.58; SD = 9.91), smoke at least 15 cigarettes per day
(M = 24.76; SD = 13.23), and have a pre-session expired carbon monoxide concentration of
at least 8ppm (M = 25.86; SD = 10.97). Prospective participants were also screened for the
following exclusion criteria: the presence of contraindicative medical conditions (i.e., acute
pain, chronic pain, diabetes, epilepsy, and recent injury), and use of prescription medications
for pain management, anxiety, heart problems, or blood circulation problems. Individuals
who failed to meet all of the inclusion criteria or endorsed any of the exclusion criteria were
not enrolled in the study. Fagerström Test for Nicotine Dependence (FTND; Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991) scores indicated that the current sample was
moderately to highly dependent on tobacco (M = 6.68; SD = 2.06). Participants were
predominantly Caucasian (65.9%) and African American (32.6%), with 1.5% identifying as
American Indian or Alaskan Native. Of the full sample, 11.4% were Hispanic or Latino.

Design
Participants were randomly assigned to one of four conditions, stratified by gender, in this 2
(Expectancy Challenge) × 2 (Coping Enhancement) crossed-factorial between-subjects
design. Thus, 33 participants were randomized to each experimental condition. Dependent
measures included self-reported urge to smoke and observation of immediate smoking
behavior. Participants were compensated $30 for approximately 1.5 hours of their time.

Measures
Questionnaire of Smoking Urges-Brief (QSU-B; Cox, Tiffany, & Christen, 2001)
—The QSU-B is a widely used 10-item measure of immediate urge or craving to smoke a
cigarette. Participants were asked to indicate how strongly they agreed or disagreed with
each item by completing a Likert-type scale that ranged from 0 (strongly disagree) to 6
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(strongly agree), with higher scores indicating stronger smoking urges. In the current study,
the QSU-B demonstrated excellent internal consistency (α = .95).

Smoking behavior—As a behavioral index of smoking motivation, participants were
given an opportunity to smoke following pain induction. Smoking was recorded with a
discreet digital video camera and independently scored by two trained raters. Measures of
primary interest included latency to light a cigarette, number of puffs taken, and total time
spent smoking. Kappa statistics were computed to determine consistency among raters.
Interrater reliability for all three measures of smoking behavior was excellent (Ks ≥ 0.96).
This procedure demonstrated construct validity in our previous study of pain-related
smoking (Ditre & Brandon, 2008).

Pain and Smoking Expectancies Measure (PSE)—Developed for a previous study
(Ditre & Brandon, 2008), this 5-item scale assesses smokers’ expectancies that smoking will
help them cope with and/or reduce pain. Participants rated how true each statement was for
them by endorsing a number from 0 (“completely unlikely”) to 9 (“completely likely”). This
measure was highly reliable (α = .96), and served as a manipulation check for the
Expectancy Challenge.

Perceived Self-Efficacy to Manage Pain (PSEMP; Bandura, Cioffi, Taylor, &
Brouillard, 1988)—The PSEMP served as a check for the Coping Enhancement
manipulation, and consisted of two scales. The first scale, designed to measure perceived
self-efficacy to withstand pain, included 22 items representing increasing lengths of cold-
pressor tolerance (from 5 seconds to 5 minutes), and participants were asked to rate their
confidence (from 0–100%) in keeping their hand submerged for each duration of time. The
second scale was developed to measure perceived self-efficacy to reduce and/or cope with
pain. Participants were asked to rate their confidence (from 0–100%) in executing three
degrees of pain reduction/coping (i.e., small, moderate, or large) across four severities of
pain (ranging from dull to excruciating), for a total of 12 items. Consistent with previous
research, total scores for each of the scales were obtained by summing the individual
confidence ratings and dividing by the number of scale items (e.g., Bandura et al., 1988).
Each of the two PSEMP scales demonstrated excellent internal consistency (α = .97 and α
= .94, respectively).

Positive And Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen,
1988)—The PANAS is comprised of two orthogonal mood scales (positive and negative),
each containing 10 items. Participants were asked to rate their current mood on a 5-point
Likert scale, ranging from “very slightly or not at all” to “extremely.” The ratings of each
mood scale were summed, with higher scores indicating stronger affect. Both the positive (α
= .81) and negative (α = .84) affect scales demonstrated good reliability.

Balanced Inventory of Desirable Responding - Impression Management
(Paulhus, Robinson, Shaver, & Wrightsman, 1991)—The 20-item BIDR-IM was
included to test for potential associations between self-report ratings and proclivity towards
biased responding and impression management. This measure demonstrated adequate
internal consistency (α = .74).

Bogus Personality Measure (BPM)—This 10-item adaptation of Byrne’s (1961)
Repression-Sensitization scale was used as a bogus measure to provide purported feedback
designed to enhance participants’ expectancies for successful pain coping, specifically with
regard to their utilization of a distraction-based coping strategy. The BPM was used for a
similar purpose in a previous study of cold pressor pain induction (Marino et al., 1989).
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Numerical Rating Scale (NRS; Dworkin et al., 2005)—The NRS is an 11-point
numerical rating scale of pain intensity. Participants were asked to circle the number that
best describes their pain, at its worst, since placing their hand in the cold water (0 = “No
pain” and 10 = “Pain as bad as you can imagine”).

Smoking Status Questionnaire (SSQ)—This form was used to assess smoking status,
smoking history, and other smoking-related variables. The SSQ also included the
Fagerström Test for Nicotine Dependence, a widely used measure of nicotine dependence
(Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991).

Demographic Questionnaire (DQ)—The DQ assessed basic demographic information,
including gender, age, marital status, race, ethnicity, and household income.

Exhaled Carbon Monoxide (CO)—The measurement of exhaled CO level correlates
closely with blood carboxyhaemoglobin concentration and provides an immediate, non-
invasive method of assessing smoking status.

Apparatus
Cold pressor—Experimental pain models allow for standardization of the painful
stimulus, systematic manipulation of relevant contributory factors, and reliable measurement
of the pain response (Edens & Gil, 1995). The cold pressor method of pain stimulation has
been used extensively to examine a wide range of pain-related processes and outcomes. The
cold pressor task is believed to replicate some subjective qualities frequently observed in
clinical pain patients, including the unpleasantness associated with chronically painful
conditions (Keogh, Hatton, & Ellery, 2000; Rainville, Feine, Bushnell, & Duncan, 1992).
Participants were asked to immerse their non-dominant hand into room-temperature water
for two minutes (to standardize limb temperature) prior to immersing the same hand into a
cold-water bath (0–1° Celsius) until they felt it too uncomfortable to continue. The cold
pressor consisted of an insulated cooler unit with a perforated screen (to keep the water and
ice separate) and a 12-volt bilge pump (to circulate the water).

Manipulations
Coping Enhancement—Participants randomized to Coping Enhancement conditions
were instructed to utilize a pain coping task and procedure that was previously demonstrated
to influence subjective ratings of pain reactivity among participants undergoing cold pressor
pain-induction (Marino et al., 1989). This distraction-based coping task required participants
to listen to and repeat aloud letters (i.e., letter-shadowing) at a rate of three letters every two
seconds before (for 15 seconds), during, and after (for 15 seconds) submerging their hand
into the cold pressor. The letters were presented in random order and participants were given
a 30-second pre-pain induction practice trial. To enhance self-efficacy for coping and to
increase expectancies for successful pain coping, participants received purported feedback
(ostensibly derived from responses to the BPM) that this strategy would be effective for
them. Control participants (i.e., No-Coping Enhancement) were not instructed to utilize the
distraction task during pain-induction and received no BPM feedback.

Expectancy Challenge—We intended to reduce outcome expectancies that smoking can
effectively help one cope with pain by utilizing a video-based expectancy challenge. A
similar video manipulation, previously developed within our lab, was shown to decrease
participant expectancies that smoking is an effective means to cope with negative affect
(Copeland & Brandon, 2000). For the purpose of the current study, two videos (each 5
minutes in length) were produced: one video designed to reduce expectancies for reducing
or coping with pain via smoking (Expectancy Challenge), and one control content video

Ditre et al. Page 6

J Abnorm Psychol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(No-Expectancy Challenge). The Expectancy Challenge video consisted of an expert
presenting information regarding demonstrated associations between smoking and pain (e.g.,
the relationship between smoking and the development/exacerbation of chronic pain, and
nicotine’s capacity to narrow attention so that one may be more likely to focus on the pain).
The information portion of the video was followed by brief “participant” testimonials that,
in their experience, smoking was not effective for pain coping. Lastly, the testimonials were
followed by a brief quiz (true/false) to reinforce the video content. The No-Expectancy
Challenge video consisted of the same expert presenting information on the history of
tobacco (e.g., the historical role of Columbus and other early explorers in the proliferation of
tobacco use). In similar fashion to the experimental video, this information was followed by
brief “participant” reactions (e.g., that they were previously unaware of this information),
and a brief quiz to reinforce the video content.

Procedure
Trained operators screened prospective participants. Eligible participants were asked to
refrain from using any non-prescription pain medications for 24 hours prior to their
appointment. Eligible participants were also asked to smoke one cigarette exactly one hour
prior to their appointment and none thereafter (to standardize smoking behavior prior to the
experiment). Upon arrival, informed consent and HIPAA authorization were obtained.
Participants were then asked when they smoked their last cigarette. If participants reported
that it had been less than 40 minutes or greater than 80 minutes since their last cigarette,
they were excluded from the study.

Upon study initiation, the experimenter collected participant cigarettes (to be returned at the
end of the study) and administered baseline measures (e.g., QSU-B1, PANAS1, BPM;
BIDR-IM, DQ, SSQ). Once baseline measures were collected, participants were exposed to
the cold pressor for 5 seconds (CP1) to provide a frame of reference for completing pre-
manipulation measures of pain intensity, perceived self-efficacy for managing pain, and
expectancies for reducing or coping with pain via smoking (i.e., NRS1, PSEMP1, PSE1).

Participants were then randomized to one of the four experimental conditions. The
experimenter always administered the Expectancy Challenge (or No-Expectancy Challenge)
before administering the Coping Enhancement (or No-Coping Enhancement). The order of
administration was selected so that instructions and training for utilizing the coping strategy
would occur in close proximity to the full cold pressor test (CP2). Following the
manipulations, participants completed the PSEMP2 and PSE2 (i.e., manipulation checks).

Next, all smokers underwent the full cold pressor test (CP2). When participants indicated
that they were no longer able or willing to tolerate the cold pressor by removing their hand,
they were asked to complete post-pain induction measures of pain severity, urge to smoke,
and affect (i.e., NRS2, QSUB2, PANAS2). Next, the behavioral measure of smoking
motivation was collected. Specifically, participants were informed that the experimenter had
to leave the room for approximately 10 minutes to prepare for the next phase of the study.
Participants were then told that during this time they were welcome to smoke as much or as
little of their one cigarette as they would like, but to please take at least one puff before the
experimenter returned. The experimenter then placed down a previously hidden tray, which
contained participants’ own lighter and a single cigarette placed in a glass ashtray (both the
lighter and cigarettes were collected at the beginning of the study). At this point, the
experimenter left the room to observe smoking behavior via discreet video monitoring.
When the experimenter returned, participants completed some additional secondary
measures (i.e., not central to the primary hypotheses), provided a second CO sample, and
were debriefed and compensated.
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Results
Baseline Measures

As expected, Analysis of variance (ANOVA) revealed no significant differences (all ps ≥ .
45) across the four experimental conditions on baseline measures of demographics (DQ),
smoking status (SSQ), urge to smoke (QSU-B), negative affect (PANAS-NA), positive
affect (PANAS-PA), and impression management (BIDR-IM). Also as expected, we
observed no differences (all ps ≥ .15) on pre-manipulation measures of expectancies for pain
coping or reduction via smoking (PSE) and perceived self-efficacy to manage pain
(PSEMP).

Manipulation Checks
Expectancy Challenge—To examine the effect of the Expectancy Challenge on PSE
scores, Analysis of covariance (ANCOVA; controlling for baseline PSE) was conducted.
Effect sizes, indexed as f, were calculated for significant F tests. According to Cohen (1988),
f values of .10, .25, and .40 can be considered small, medium, and large, respectively. As
expected, participants who viewed the experimental video reported significantly lower
positive outcome expectancies for pain coping and reduction via smoking (Expectancy
Challenge: M = 5.40; SE = .94) than did participants who viewed the control video (No-
Expectancy Challenge: M = 17.72; SE = .94), F(1, 127) = 86.45, p < .001, f = .82.

Coping Enhancement—A similar ANCOVA was conducted to examine the effect of the
Coping Enhancement on perceived self-efficacy to withstand pain (PSEMP Scale 1) and
perceived self-efficacy to reduce and/or cope with pain (PSEMP Scale 2). As expected,
participants randomized to utilize a distraction-based coping strategy during pain induction
reported significantly greater confidence in their ability to tolerate pain (Coping
Enhancement: M = 30.18; SE = 1.13) relative to those not instructed to cope during pain
induction (No-Coping Enhancement: M = 2.37; SE = 1.13), F(1, 127) = 23.67, p < .001, f = .
15. Coping Enhancement participants also reported greater confidence in reducing/coping
with cold-pressor pain (M = 55.30; SE = 1.92) than did No-Coping Enhancement
participants (M = 41.88; SE = 1.92), F(1, 127) = 23.89, p < .001, f = .16.

Primary Analyses
Self-reported urge to smoke—Independent and synergistic effects of the Expectancy
Challenge and the Coping Enhancement on post-pain induction urge to smoke were tested
via ANCOVA (controlling for baseline urge). Three extreme values were excluded. Analysis
revealed main effects for both the Expectancy Challenge [F(1, 124) = 26.09, p < .001, f = .
43] and Coping Enhancement [F(1, 124) = 8.87, p < .01, f = .24]. As seen in Table 1, urge
ratings were suppressed among participants who viewed an experimental video designed to
diminish positive outcome expectancies for pain coping via smoking (Expectancy
Challenge), relative to those who viewed a control video (No-Expectancy Challenge). Urge
ratings were also suppressed among participants who were instructed to use a distraction-
based coping strategy during pain induction (Coping Enhancement), relative to those not
instructed to cope (No-Coping Enhancement).

As depicted in Figure 1, analysis also revealed a significant Expectancy Challenge × Coping
Enhancement interaction [F(1, 124) = 6.39, p = .01, f = .20]. Post hoc Fisher’s LSD tests
showed that urge ratings were highest for participants randomized to the No-Expectancy
Challenge + No-Coping Enhancement condition, relative to each of the other three
experimental conditions (all ps < .001). None of the remaining pairwise comparisons
reached significance (see Table 1). Thus, although the Expectancy Challenge and the
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Coping Enhancement were each sufficient to reduce craving to smoke, these manipulation
effects were not additive.

Latency to smoke—ANOVA was conducted to examine effects of the Expectancy
Challenge and the Coping Enhancement on post-pain induction latency to light a cigarette.
Scores for 11 extreme values and 8 participants who were off camera when they lit their
cigarette were excluded. Extreme values were excluded because (a) it appeared that the
majority of these participants simply did not understand the smoking instructions, and (b)
box-and-whisker plots revealed that these values were greater than 1.5 times the H-spread
(Cohen, 1996). Removal of these extreme values substantially improved skewness (S = 5.77
to S = 1.20) and kurtosis (K = 35.65 to K = 1.50) statistics, thus causing the latency data to
be normally distributed.

As with urge, latency analysis revealed expected main effects for both the Expectancy
Challenge [F(1, 109) = 4.43, p = .04, f = .20] and the Coping Enhancement [F(1, 109) =
5.82, p = .02, f = .23]. The Expectancy Challenge × Coping Enhancement interaction was
not significant (p = .97). As seen in Table 1, smokers randomized to Expectancy Challenge
and Coping Enhancement conditions demonstrated the longest latencies, with shorter
latencies observed for those randomized to control conditions.

Number of puffs taken and total time spent smoking—Similar ANOVAs were
performed to test for group differences on number of puffs taken and total time spent
smoking. No extreme values were identified. Results indicated that smokers randomized to
Expectancy Challenge conditions took significantly fewer puffs [F(1, 128) = 5.41, p = .02, f
= .21] and spent less time smoking [F(1, 128) = 5.53, p = .02, f = .21], relative to smokers
randomized to No-Expectancy Challenge conditions (see Table 1). Coping Enhancement
effects were not significant for number of puffs [F(1, 109) = 0.21, p = .65, f = .04] or time
spent smoking [F(1, 128) = 0.68, p = .41, f = .07], and no significant interactions were
observed (both ps > .29).

Additional Analyses
Impression management—To test for potential bias in self-report responding, BIDR-IM
scores were correlated with baseline, pre/post-manipulation, and pre/post-pain induction
self-report measures. No significant correlations were found between these measures when
tested either within or across experimental conditions.

Affect—To examine effects of the Expectancy Challenge and the Coping Enhancement on
self-reported positive and negative affect, separate ANCOVAs were conducted (controlling
for baseline PANAS scores). Analysis revealed that participants randomized to Coping
Enhancement conditions reported greater post-pain induction positive affect (M = 31.02; SE
= .79) than No-Coping Enhancement participants (M = 28.47; SE = .79), F(1, 127) = 5.03, p
= .02, f = .15. Conversely, there was no effect of the Expectancy Challenge on positive
affect (p =.89). There was also no effect of either manipulation on negative affect (both ps
> .60).

Pain and cold pressor tolerance—We expected that smokers randomized to Coping
Enhancement conditions would report less pain and keep their hand in the cold water for
longer than would smokers randomized to No-Coping Enhancement conditions. Although
we observed no differences in pain reporting (M = 7.49; SE = .19; p = .48), analysis did
indicate that Coping Enhancement participants (M = 50.89; SE = 6.35) were able to keep
their hand submerged for substantially longer (+21.01 seconds, p = .02, f = .21) than their
No-Coping Enhancement counterparts (M = 29.88; SE = 6.35).
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Discussion
The main goal of the current study was to determine whether the previously demonstrated
causal pathway between situational pain and increased motivation to smoke (i.e., Ditre &
Brandon, 2008) could be disrupted by invoking social learning theory-based constructs
known to influence smoking behavior and pain reactivity (i.e., smoking-related outcome
expectancies, coping self-efficacy, and pain-related outcome expectancies). Furthermore,
these constructs were selected for their potential to inform the conceptualization and
development of interventions for persons with comorbid pain and tobacco dependence
disorders.

As hypothesized, participants randomized to experimental conditions designed to (a)
challenge expectancies that smoking may help one cope with or reduce pain (Expectancy
Challenge), or (b) introduce an effective pain coping strategy enhanced with positive self-
efficacy and outcome expectancy feedback (Coping Enhancement), reported significantly
lower smoking urges and demonstrated longer latencies to smoke following pain induction,
relative to controls (No-Expectancy Challenge or No-Coping Enhancement, respectively).
Expectancy Challenge smokers also took fewer puffs and spent less time smoking than No-
Expectancy Challenge smokers. Each manipulation was sufficient to reduce smoking urges,
but the combination was neither additive nor synergistic.

Based on these findings, and extrapolating from the extant pain and smoking literature, we
conceptualized the following relationship between the constructs under investigation and the
causal relation between pain and motivation to smoke (see Figure 2).

Pain coping behaviors
First, we propose that following the experience of situational pain, smokers who utilize
effective pain coping behaviors and strategies may experience reduced pain reactivity,
which could, in turn, result in decreased motivation to smoke. The current results provide
some support for this notion. For example, participants who were instructed to cope during
pain induction were able to keep their hands submerged longer, reported suppressed craving,
and demonstrated longer latencies to light a cigarette when given the opportunity to smoke.
Future studies should determine which specific coping strategies are most helpful for
reducing motivation to smoke in response to pain.

Expectancies for pain coping/reduction via smoking
Next, the model presented in Figure 2 indicates two points at which smoking-related
outcome expectancies may influence the casual pathway between pain and smoking
motivation. First, among tobacco users, the initial utilization of pain coping behaviors may
depend on the degree to which an individual believes that smoking will sufficiently diminish
pain reactivity. That is, tobacco users who believe that smoking will provide an adequate
pain coping solution may not engage or develop more adaptive coping strategies. Second,
smokers who neglect to utilize pain coping behaviors or are unsuccessful in their
employment of coping to curtail pain reactivity could, subsequently, experience increased
motivation to smoke. This may be especially true for those tobacco users who hold strong
expectancies that smoking will help them cope with or reduce pain. The current study
focused only on the second point of intervention (bolded arrow in Figure 2) because
participants were randomly assigned to either Coping Enhancement or No-Coping
Enhancement conditions. Thus, the influence of smoking-related outcome expectancies on
smokers’ decisions to initiate pain coping behaviors could not be assessed because
participants were not given the choice of whether or not to employ the distraction-based
coping strategy. Nonetheless, the current results do provide some support for the hypothesis
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that an intervention component designed to reduce positive outcome expectancies that
smoking can effectively help one cope with or reduce pain may result in decreased
motivation to smoke in response to situational pain. Future research would benefit from
examining the extent to which smokers’ expectancies for pain coping/reduction via tobacco
smoking may moderate (a) their decision to engage a more adaptive pain coping strategy,
and (b) which forms of coping are employed (e.g., active vs. passive or cognitive vs.
behavioral).

With regard to our expectation that smokers randomized to Coping Enhancement conditions
would report less pain and keep their hand immersed in the cold water for longer than
smokers randomized to No-Coping Enhancement conditions, results indicated that only the
latter hypothesis was supported. One explanation for these findings may be that pain ratings
were equivalent across Coping Enhancement and No-Coping Enhancement conditions
because Coping Enhancement participants endured the cold pressor for longer than No-
Coping Enhancement participants. That is, perhaps we would have observed expected group
differences in pain ratings if not for the fact that Coping Enhancement smokers were
exposed to the pain stimulus for significantly longer than No-Coping Enhancement smokers
(albeit as a function of the coping task). Future studies should examine the effect of coping
on pain-induced smoking motivation within the context of experimental pain modalities that
allow researchers to equate the duration and quality of pain exposure across conditions (e.g.,
mechanical pressure, electrical stimulation).

The main limitation of the current study is that although a controlled, laboratory-based
experiment maximizes internal validity, there is a cost to external validity. Experimental
pain is not equivalent to clinical pain, and the current design excluded smokers who suffer
from chronic pain. Thus, these results may not generalize to smokers suffering from clinical
pain disorders. However, we have no reason to believe that the theoretical inferences derived
from the current study would be inapplicable to persons suffering from chronic or
intermittent pain. It is also not unreasonable to consider that mechanisms similar to those
studied herein might play an important role in the maintenance of tobacco smoking among
clinical pain populations. These considerations notwithstanding, it is important to note that
the current study represents a nascent step in a programmatic line of inquiry into pain as a
motivator of smoking. Clearly, further research is needed to adequately address both internal
and external validity requirements before drawing any firm conclusions. For example, the
current experimental paradigm should be extended to persons living with chronically painful
conditions. It would be important to determine whether pain patients have entrenched pain-
smoking expectancies that would be more resistant to a brief laboratory manipulation. Pain
patients may also be less reactive to laboratory-induced pain. It would also be useful to
examine pain-related motivation to smoke in naturalistic (i.e., real-world) settings, perhaps
using ecological momentary assessment (e.g., Stone & Shiffman, 1994).

In addition, our brief manipulations are not equivalent to actual clinical interventions. For
example, participants in the Coping Enhancement conditions utilized a distracting task that
required them to listen to and repeat aloud letters presented through headphones. Although
this coping strategy may appear somewhat artificial, with limited potential for real-world
and clinical application, it did allow us to directly test a theoretical mechanism of interest
(i.e., Does any form of coping influence the relationship between pain and increased
smoking motivation?). That said, a number of different coping strategies have been
demonstrated to influence both clinical and experimental pain outcomes, and it is possible
that an alternative form of coping may have produced larger effects within the current
paradigm. For example, there is recent evidence to suggest that brief mindfulness meditation
interventions are capable of producing more robust analgesic effects than distraction-based
approaches (Zeidan, Gordon, Merchant, & Goolkasian, 2009). Future investigations may
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build upon the current findings by determining which forms of coping are most effective,
and assessing whether pain coping strategies currently in use by individuals with chronic
conditions may influence the proposed pain-smoking association.

A third limitation is the possibility that experimenter demand may have influenced the
current results, particularly as they relate to the Expectancy Challenge. For example,
Expectancy Challenge participants were required to watch a video designed to reduce
outcome expectancies that smoking can effectively help one cope with or reduce pain.
Shortly thereafter, and following pain-induction, participants were asked to rate their desire
to smoke and were given an opportunity to smoke one of their own cigarettes. Although it is
plausible that Expectancy Challenge participants may have recognized that post-pain
craving was hypothesized to decrease, we took several steps to mitigate and assess for
potential demand. First, the experimental video presented only information for which there
was empirical support. This approach is highly consistent with clinical psychoeducational
interventions designed to improve patient understanding and enhance motivation to modify
behavior. Second, the experimental video referred only to relations between pain
(particularly chronic pain) and tobacco smoking, in general. There was no mention of
potential or anticipated associations between experimentally-induced acute pain and either
smoking urge or smoking behavior. Third, relative to self-reported craving, it is more
difficult to attribute observed group differences on the more objective, behavioral indices of
smoking motivation (i.e., latency to smoke, number of puffs taken, and total time spent
smoking) to demand effects. Finally, to determine whether participant tendencies towards
impression management and desirable responding may have influenced the current findings,
we reran our ANCOVAs with BIDR-IM scores as an added covariate. Analyses revealed no
evidence of association between BIDR-IM scores and any of the outcomes reported herein
(all ps > .30). Future studies should (a) attempt to reduce the potential for demand in
manipulating smoking-related outcome expectancies, (b) examine how long such
expectancy effects may last, and (c) determine how to increase their duration and enhance
generalizability.

Finally, the current design does not permit determination of the extent to which obtained
effects are specific to experimental pain induction per se, or whether such effects would
have been observed by inducing other forms of negative affect. Although cold pressor pain
is thought to mimic some subjective qualities frequently observed in clinical settings (e.g.,
pain intensity, unpleasantness), experimental pain is not equivalent to clinical pain, and
future research should consider alternative pain modalities (e.g., mechanical, thermal,
electrical, and chemical), which may be closer analogues to chronic pain (Arendt-Nielsen &
Lautenbacher, 2004). That negative affect may constitute a final common pathway
underlying the effects of pain on smoking raises an interesting empirical question that
should also be addressed in future studies. However, it bears noting that pain is a complex
sensory experience not generally conceptualized as a simple archetype of negative affect
(Fillingim, 2005). Rather, pain is widely regarded as a multidimensional, subjective
experience comprised of sensory-physiological, motivational-affective and cognitive-
evaluative components (e.g., Melzack & Wall, 1965; Turk & Melzack, 2001). In accord with
this perspective, we previously observed that negative affect accounted for only 30% of the
total effect of pain on increased urge to smoke (Ditre & Brandon, 2008).

In summary, this study provides the first experimental evidence that constructs derived from
social-cognitive theory may represent important mechanisms underlying the causal
relationship between pain and motivation to smoke. Specifically, manipulations intended to
(a) reduce positive outcome expectancies that smoking can effectively help one cope with or
reduce pain, and (b) employ a distraction-based pain coping strategy enhanced with positive
self-efficacy and outcome expectancy feedback, each resulted in reduced craving and
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increased latency to smoke, relative to controls. The primary strength of the current study is
that it was designed to serve as an analogue test of theoretical mechanisms (as extrapolated
from both the pain and smoking literature) that have the potential to influence the
development of clinical interventions for persons with comorbid pain and substance use
disorders. Like smoking, chronic pain is a critical national health problem. It has been
estimated that up to 60 million Americans suffer from chronic pain (American Pain Society,
2003; Gallagher, 1999), and a recent nationwide survey revealed that more than half of all
Americans experience either intermittent or chronic pain (Stanford University Medical
Center, 2005). With future studies addressing both internal and external validity
requirements, there is potential for the development of empirically grounded interventions
for smokers in pain.
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Figure 1.
Covariate-adjusted mean urge ratings (and standard errors) as a function of the Expectancy
Challenge × Coping Enhancement interaction.

Ditre et al. Page 17

J Abnorm Psychol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Conceptualized causal relationship between pain and motivation to smoke as a function of
smoking-related outcome expectancies and use of pain coping behaviors.
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