
Enhanced Pain Perception Prior to Smoking Cessation is
Associated with Early Relapse

Motohiro Nakajima and Mustafa al'Absi
Department of Behavioral Sciences, University of Minnesota Medical School, 1035 University
Drive, Duluth, MN 55812

Abstract
Accumulated evidence suggests that nicotine induces analgesia, and endogenous pain regulatory
mechanisms may be altered by chronic smoking. The extent to which individual differences in
pain perception are related to smokers' ability to abstain from smoking has not been directly
examined. Seventy-one smokers who were interested in quitting completed a pre-cessation
laboratory session which included the cold pressor test (CPT). Pain ratings were collected during
and after CPT. Also, mood changes, cardiovascular measures, and salivary cortisol samples were
evaluated prior to, during, and after CPT. Participants attended 4 weekly follow-up assessment
sessions after their quit day. Cox regression analysis revealed that higher pain ratings during and
after CPT predicted greater risk for smoking relapse. These results remained significant after
affective and physiological responses to CPT were controlled, suggesting that pain ratings prior to
smoking cessation is potentially useful in identifying smokers who are at greater risk of early
smoking relapse and may reflect underlying putative risk for nicotine dependence and relapse.
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Introduction
Nicotine produces hypoalgesia (Kanarek & Carrington, 2004; Lane et al., 1995; Rau et al.,
1993). Smokers may become vulnerable to physical discomfort during acute smoking
withdrawal when nicotine effects are diminished. One recent study found that smokers who
completed the cold pressor task reported increased smoking urges and showed shortened
latency to smoke after the task (Ditre & Brandon, 2008). Also, individual differences in
distress tolerance are related to risk for relapse (Brandon et al., 2003; Brown et al., 2009).
Smokers who are sensitive to pain prior to a cessation attempt may become particularly
responsive to distress-related symptoms during abstinence and vulnerable to early smoking
relapse. However, whether pre-cessation pain ratings are associated with enhanced risk for
smoking relapse has not been directly examined.
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While experiments on rats suggest that nicotine’s antinociceptive effect is subject to
tolerance (McCallum et al., 1999; Wewers et al., 1999), other studies indicate that
withdrawal is associated with rapid reversal of this tolerance (Anderson et al., 2004; Mousa
et al., 1988; Pomerleau et al., 1984; Silverstein, 1982). In one study, pain-attenuating effects
of smoking a cigarette were greater in smokers deprived from smoking overnight (12 hours)
relative to those who smoked ad libitum (Pauli et al., 1993). These results are consistent
with the increased discomfort smokers experience during the early stages of abstinence
(Drobes et al., 1994; Pomerleau, 1992). Since enhanced withdrawal symptoms are
associated with early smoking relapse (al'Absi et al., 2004), absence of nicotine-related
analgesia may represent a risk factor contributing to early smoking relapse.

Although nicotine’s analgesic effect is a fairly consistent finding in animals and humans,
some exceptions do exist (Knott, 1990; Nesbitt, 1973; Silverstein, 1982; Sult & Moss,
1986). These inconsistent findings may have resulted from methodological differences such
as smoking selection criteria, length of abstinence, and pain assessment procedures. For
instance, pain reports obtained during the actual exposure to a noxious stimulus yield results
different from reports obtained afterward, and subsequently group differences may depend
on whether pain reports were obtained during or after exposure to the noxious stimulus
(al'Absi et al., 2002; France et al., 1994). Some studies suggest that retrospective reports of
pain are influenced by what the individual experienced at the end of the painful task (al'Absi
et al., 1996; Fredrickson & Kahneman, 1993; Khaneman et al., 1993) and how the individual
coped with the pain (Burns et al., 2004; Burns et al., 2007; Cioffi & Holloway, 1993). These
suggest that the timing (e.g., simultaneous or retrospective) of pain assessment may have
different patterns of prediction for smoking relapse.

The purpose of the current study was to examine the extent to which pain perception prior to
smoking cessation predicted early relapse. Also, we tested if pain ratings during and after
cold pressor test (CPT) had different prediction patterns of relapse. Measures on pain
perception, mood changes, heart rate, blood pressure, and cortisol were collected prior to a
cessation attempt and were evaluated as predictors of relapse over a 4-week period. We
hypothesized that increased pain ratings during and after CPT would be associated with
increased risk for early relapse.

Methods
Participants

Smokers were recruited through newspaper advertisements in the community and flyers in
the university. Interested participants completed a phone interview that consisted of
questions on current history of medical or psychiatric disorders, medication intake, and
smoking behavior. Participants must have smoked an average of 10 cigarettes or more per
day at least for 2 years, and a strong desire for quitting smoking (i.e., required to report the
score of 4 (strong) or higher to the question "On a scale of 1 (not at all) to 5 (very strong),
what is your desire to quit smoking at this time?"). Participants who passed the initial phone
interview were invited to an on-site medical screening. In order to qualify for the study,
participants must have been free of history of physical or psychiatric disorders, weighed
within ± 30% of Metropolitan Life Insurance norms (i.e., body mass index between 18 and
30), consumed 2 or less alcohol beverages a day, and did not routinely use prescriptive
medications except contraceptives. Participants then read and signed a consent form
approved by the Institutional Review Board of the University of Minnesota. Participants
were monetarily compensated for their participation.

Ninety-one participants (46 women and 45 men) completed the laboratory session including
the pain assessment (described below) prior to their quit date of smoking. Seventy-one
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participants (33 women and 38 men) continued in the study and attended the post-cessation
weekly sessions. Participants who completed the study and those who terminated after the
laboratory session (n = 20) did not differ in age, body mass index, pain ratings during or
after the cold pressor test (CPT), McGill Pain Questionnaire (MPQ; Melzack, 1975),
withdrawal symptoms as assessed by Minnesota Nicotine Withdrawal Scale (MNWS;
Hughes & Hatsukami, 1998; Hughes & Hatsukami, 1986), levels of nicotine dependence as
measured by the Fagerström Test of Nicotine Dependence (FTND; Heatherton et al., 1991),
distress, positive affect, craving, cortisol, heart rate, or blood pressure levels (Fs < 2.7, ps > .
10; details of these measures are described below). The sample size (N = 71) was
comparable or exceeds previous samples used in similar studies (e.g., al'Absi et al., 2003).

Apparatus and Measures
A Dinamap oscillometric monitor (Critikon, Tampa, FL) was used to measure
cardiovascular responses such as heart rate (HR), systolic blood pressure (SBP), and
diastolic blood pressure (DBP). We also assessed cortisol concentrations, since cortisol is an
important index of stress (al'Absi et al., 1997) and cold pressor pain (al’Absi et al., 2002),
and is linked to smoking relapse (al'Absi et al., 2005). For measurement of cortisol,
participants were asked to provide 1–2 ml of saliva using cotton dental rolls held in their
mouth until saturated, and the rolls were collected into a plastic tube (Salivette® tubes,
Sarstedt, Rommelsdorf, Germany). Samples were stored in −70°C until assayed. Cortisol
assays were performed in duplicate using a time-resolved fluorescence immunoassay with a
cortisol-biotin conjugate as a tracer (Dressendorfer et al., 1992). This assay has a sensitivity
of 0.4 nmol/l. The inter- and intra-assay coefficients of variation were less than 10 and 12%,
respectively. To test the validity of self-report abstinence, MicroCO™ monitors (Micro
Direct Inc., Auburn, Maine) were used for the measurement of expired carbon monoxide
(CO).

CPT was conducted to assess pain perception. CPT consisted of a 1-gallon container that
was filled with a ice-water slurry (0 – 1 °C). To evaluate pain intensity during and after
CPT, a visual and numerical rating scale was used. This scale had a range from 0 (not at all
painful) to 100 (extremely painful), with additional labels on 25 (somewhat painful), 50
(moderately painful), and 75 (very painful). An enlarged poster of this scale (50 cm length
and 20 cm width) was placed in front of the participant during CPT to use while rating the
pain. Participants were asked to place their dominant hand into the ice water up to the wrist
and rate their pain every 15 seconds throughout 90-second exposure to CPT and 90-second
recovery period. Also, a short version of the MPQ (Melzack, 1975) was used to assess
participants’ global pain experience. Participants were asked to recall the most intense pain
they felt during the study.

To assess withdrawal symptoms, a modified version of MNWS (Hughes & Hatsukami,
1998; Hughes & Hatsukami, 1986) was used. MNWS includes items such as irritability,
anger, anxiety, difficulty concentrating, restlessness, depressed or sad mood, and hunger.
Levels of withdrawal severity were calculated without using the item of craving. We
changed the wording of "craving" to "desire to smoke" and analyzed this item separately in
light of evidence suggesting that patterns of changes in craving are distinct from other
withdrawal symptoms (Hughes & Hatsukami, 1998).

Mood states and physical symptoms were assessed by a form which has been used in
previous studies (al'Absi et al., 2004; al'Absi et al., 1998). Positive affect consisted of items
such as cheerfulness, contentness, calmness, controllability, and interest. Negative affect
consisted of anxiety, irritability, impatience, and restlessness. Withdrawal-related physical
symptoms included items of headache, sweating, tremor, stomachache, drowsiness, fatigue,
and coughing. Positive affect, negative affect, and physical symptoms were included in one
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form with each item having a 7-point scale anchored by the end points, “Not at All” and
“Very Strong.”

Forms regarding demographic information, smoking history, and levels of nicotine
dependence (as assessed by FTND; Heatherton et al., 1991) and were also collected.

Procedure
Participants who were smoking at their regular pace were tested individually, with each
session beginning approximately at 9:00 am. After reading and signing the consent form, a
Dinamap blood pressure (BP) cuff was placed. Measures of carbon monoxide (CO) and time
since participant last smoked were then obtained. Participants were allowed to smoke prior
to the session but not during the entire laboratory session.

The participant was asked to sit upright with legs uncrossed and feet on the floor for 45
minutes (i.e., baseline period). At the beginning of the period, the participant was given a
battery of questionnaires including demographic information, smoking history, and FTND.
The participant also completed the MNWS and the form on affect and physical symptoms.
Then, HR, SBP, and DBP were collected every 3 minutes. Three saliva samples were
obtained over the 45 minute resting period.

After the baseline period, the participant listened to audiotaped instructions and was asked to
insert his or her dominant hand into the ice water up to the wrist. During the 90-second CPT,
the participant rated pain at 15-second intervals using the numerical scale (explained above).
Two HR and BP readings were completed during the task (i.e., one minute after hand
immersion and immediately after removing the hand from the ice water). After reporting 6
pain ratings, the participant was asked to remove his or her hand from the cold water and to
rest it on a towel-covered armchair. Post-CPT pain ratings were taken at 15-second intervals
for the next 90 seconds. After CPT, the participant completed the MPQ, the MNWS, the
form on positive and negative affect and physical symptoms, and provided a saliva sample.
During a 15-minute recovery phase, HR and BP were obtained every 3 minutes and the fifth
saliva sample was collected at the end. The forms on withdrawal symptoms, affect, and
physical symptoms were also completed. Participants were debriefed and scheduled for
subsequent sessions.

Participants who agreed to continue the study were asked to set a quit date within 2 to 3
weeks from their laboratory session. Prior to quitting, participants attended a brief
educational session focusing on the negative impact of smoking and benefits from cessation.
All participants were asked to abstain from smoking for a minimum of 24 hours. Each
participant then attended 4 weekly follow-up support sessions with a licensed psychologist.
During the sessions, the participant provided samples of expired CO and saliva to verify
abstinence, and completed questionnaires on withdrawal symptoms, affect, and smoking
behavior. The participant was encouraged to reduce the amount of smoking (if the
participant had relapsed) or maintain abstinence.

Data Analysis
The current study included data obtained during the precessation laboratory session and
postcessation smoking behavior. For the analysis of pain ratings mean scores were obtained
from 6 ratings during and after CPT, respectively. For cardiovascular measures (i.e., HR,
SBP, and DBP), average scores were calculated for each period. Cortisol data were log-
transformed to meet assumption of normality. Smokers were classified as relapsers if they
smoked everyday for at least a week. This guideline has been recommended by Society for
Nicotine and Tobacco Research and is widely used in studies of smoking cessation (Hughes
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et al., 2003). Smokers were identified as abstainers if they were able to maintain abstinent
for 4 weeks. Abstinence was determined based on self report and biochemical verifications.

Information regarding demographics and smoking were analyzed by one-way ANOVA with
smoking status (abstinent and relapsed) as a grouping variable. A series of one-way analysis
of covariance (ANCOVA) was conducted to examine whether the abstinent and the relapsed
groups differed in pain perception. In this analysis, gender was included as a covariate rather
than an independent factor, due to the small sample size. FTND was also controlled for due
to a marginally significant group difference found in the present study (described below).

Cardiovascular measures were analyzed using 2 (smoking status: abstinent and relapsed) × 4
(time: baseline, during the CPT, immediately after the CPT, recovery) repeated measures
ANOVAs with smoking status as a between-subject factor and time as a within-subject
factor. Similarly, cortisol data were analyzed using a 2 (smoking status: abstinent and
relapsed) × 5 (time: three samples during the baseline, one sample immediately after the
CPT, one sample after recovery) repeated measures ANOVA. Self-report measures (i.e.,
MNWS, craving, negative affect, positive affect, and physical symptoms) were analyzed
using 2 (smoking status: abstinent and relapsed) × 3 (time: baseline, after the CPT, recovery)
repeated measures ANOVA. Expired CO was analyzed by a 2 (smoking status: abstinent
and relapsed) × 5 (session: precessation, postcessation week 1, 2, 3, 4) repeated measures
ANOVA with smoking status as a between-subject factor and session as a within-subject
factor. Wilk's criterion was used for these analyses and Bonferroni correction was applied
for post-hoc analysis.

To examine our primary hypothesis, we conducted Cox regression analysis to examine the
extent to which pain ratings predicted time to relapse during follow-up period. In the Cox
regression model, B is the regression coefficients that represent the relative effect of an
independent variable (e.g., pain ratings) on the survival function. Hazard ratio (HR) reflects
the probability of the occurrence of a targeted event (i.e., smoking relapse) with each one-
point increase in the independent variable (e.g., pain ratings). Potential confounders (i.e.,
gender and FTND) were entered as covariates. SPSS 17.0 was used for the data analyses.
Due to occasional missing data, variations existed between sample size and degrees of
freedom for the reported results.

Results
Demographic and Smoking Variables

Nineteen smokers (27%) relapsed by the first week post-quit, 30 (42%) smokers relapsed by
the end of the second week, and 36 smokers (51%) returned to smoking by the 4-week
follow up. As shown in Table 1, abstinent and relapsed groups did not differ in age, body
mass index, education, caffeine intake, average number of hours of sleep, number of daily
cigarettes, duration of smoking, previous quit attempts, or motivation to quit (ps > .24). The
relapsed group had a marginally higher FTND score than the abstinent group (F (1, 69) =
3.45, p = .07).

There was a significant group × session interaction in expired CO (F (4, 56) = 3.64, p = .01).
This was followed by conducting a one-way ANOVA at each period using Bonferroni
adjustment. As expected, pre-quit baseline CO levels were comparable between abstinent
and relapsed groups (p = .41), while the levels at each post-quit period were higher among
the relapsers than the abstainers (Fs (1, 69) > 24, ps < .001; see Table 1). CO levels in the
abstinent group did not exceed 6 ppm during follow-up assessments, suggesting compliance
with the smoking abstinence restriction.
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Effects of CPT
As shown in Figure 1, there were significant changes over time in HR, SBP, and DBP (Fs
(3, 65) > 26, ps < .001). Multiple comparison tests revealed that levels of these measures
were higher during CPT than those during baseline (ps < .001). Cortisol concentrations also
changed during the session (F (4, 64) = 10.62, p < .001), showing declines during rest
baseline (i.e., the third sample was lower than the first sample; p < .001) and increases
following CPT (i.e., the last sample was higher than the third sample; p < .05). There were
no differences in the cardiovascular measures and cortisol levels between the abstinent and
the relapsed groups (ps > .18).

Withdrawal symptoms, craving, negative affect, and positive affect also changed over time
(Fs (2, 68) > 4, ps < .05; see Table 2). Multiple comparisons found that withdrawal
symptoms, craving, and negative affect increased following exposure to CPT (i.e., recovery
period) and positive affect decreased at this time as compared to levels immediately after
CPT (ps < .05). There were no group differences in withdrawal symptoms, craving, or
negative affect (ps > .26), with one exception of a trend indicating that the relapsed group
reported less positive affect than the abstinent group (F (1, 69) = 3.81, p = .06).

Pain Measures and Relapse
Analysis of variance covarying for FTND and gender revealed a significant difference
between relapsers and successful abstainers in the pain rating after CPT, with the relapsed
group reporting higher pain than the abstinent group (F (1, 67) = 8.17, p < .01; see Figure 2).
Pain ratings during CPT were also higher in relapsers than abstainers, F (1, 67) = 4.21, p < .
05). MPQ total score did not differ between the two groups (p > .29 ; see Table 2).

Separate Cox regression analysis was conducted on the pain measures to test our primary
hypothesis. For each analysis, we entered FTND and gender in the first step and the pain
measure (i.e., during, after CPT, or MPQ) in the second step (see Table 3). In the analysis
examining the effects of pain ratings (during or after CPT), the overall model for the first
step was significant (χ2 = 5.96, p < .05). FTND was predictive of time to relapse (B = .20,
HR = 1.23, p < .05). In the second step, the addition of pain ratings significantly improved
the overall model (χ2 > 4.50, ps < .05). Pain ratings during (B = .02, HR = 1.02, p < .05)
and after (B = .03, HR = 1.03, p < .05) CPT predicted smoking relapse after controlling for
FTND and gender. These results indicate that a one-point increase in the pain rating during
CPT raised the risk of smoking relapse by 2%, and a unit increase in the post-CPT rating
elevated the probability by 3%. Although one-point increase in FTND score was associated
with 23% increase in the likelihood of smoking relapse, it should be noted that the range of
scores was different between the pain rating (0 to 100) and FTND (0 to 10). Scores on MPQ
did not predict relapse (p > .25).

To further explore the data, we also conducted stepwise Cox regression model to examine
the extent to which CPT-related variables (i.e., pain ratings, withdrawal symptoms, craving,
positive and negative affect, physical symptoms, and cardiovascular and hormonal
measures) were predictive of time to relapse. Separate analysis was conducted on pain
ratings collected during and after CPT. FTND and gender were also included in the analysis.
In both models, pain ratings and FTND were the only significant predictors of relapse (ps < .
05).

Discussion
The results of the current study clearly demonstrated that pain ratings during and after CPT
prior to cessation of smoking were associated with early smoking relapse. The findings also
support the hypothesis that individuals who are low in distress tolerance are at risk for early
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relapse (Brandon et al., 2003; Brown et al., 2009). In addition, the results of our study
extend previous findings (Ditre & Brandon, 2008) by examining individual differences in
pain perception prior to smoking cessation, and in that context using pain measures as
predictors of early smoking relapse.

Our findings that pain ratings prior to smoking cessation was predictive of relapse after
statistically controlling for nicotine dependence, smoking withdrawal, craving,
cardiovascular, and adrenocortical measures suggest that the link between pain perception
and smoking relapse may not be mediated by these CPT-related response measures. In other
words, the findings more specifically reflect that enhanced pain ratings during and after CPT
are a unique predictor of increased risk for subsequent relapse, suggesting that pain
perception and withdrawal tolerance may have different mechanisms or pathways to
smoking relapse. This is partially supported by evidence suggesting specific neurochemical
modulation of endogenous pain mechanisms by chronic administration of nicotine (Kanarek
& Carrington, 2004; Lane et al., 1995; Rau et al., 1993).

Studies have reported that chronic exposure to drugs, including nicotine, is associated with
beta endorphin deficiency (Girdler et al., 2005; Scanlon et al., 1992) that persists for several
weeks following withdrawal (Rasmussen, 1998; Rasmussen et al., 2000). Also, mice that
were chronically treated with nicotine exhibited reduced analgesic effects to morphine
(Zarrindast et al., 1999), suggesting that tolerance may develop in the endogenous opioid
system due to chronic use of nicotine. Since pain is regulated by endogenous opioid system,
it is possible that habitual smoking desensitizes opioid-pain modulating functions that may
influence severity of pain and withdrawal symptoms during abstinence. This hypothesis is
consistent with findings that nicotine's analgesic effect is subject to tolerance (McCallum et
al., 1999; Wewers et al., 1999) but withdrawal is related to rapid reversal of this tolerance
(Anderson et al., 2004; Mousa et al., 1988; Pomerleau et al., 1984; Silverstein, 1982).
Therefore, the relationship between pain perception and smoking relapse may be mediated
by nicotine-induced neuroplasticity. However, more research is warranted to define such
model.

In the current study, relapsed smokers reported higher pain during and after CPT than
abstinent smokers. This association was clearer with the post-CPT ratings, suggesting that
delayed, rather than simultaneous, assessment of pain may enhance sensitivity of these
measures in identifying individual differences in pain perception. Studies have suggested
that certain coping strategies (e.g., suppression, acceptance) to experimental pain influences
one’s appraisal of subsequent pain experience (Cioffi & Holloway, 1993; Masedo & Rosa,
2007). Although effects of coping style were not specifically assessed, extensive research
has been published on coping with withdrawal symptoms during abstinence among smokers
(Drobes et al., 1994; Gulliver et al., 1995; O'Connell et al., 2007; Shiffman, 1984). Poor
coping with physical discomfort and absence of nicotine effects during abstinence may
exacerbate withdrawal symptoms that would increase the likelihood of early relapse (Hajek
et al., 2010; Schmitz et al., 1993).

In this study CPT was associated with increased cardiovascular and HPA activity, however,
responses to CPT were comparable between abstinent and relapsed participants. The results
seem to be inconsistent with the growing literature showing that attenuated responses to
stress may contribute to enhanced intensity of withdrawal symptoms and craving, and risk
for relapse (al'Absi et al., 2005; Shaw & al'Absi, 2008). It should be noted, however, that
whereas these studies examined stress responses in smokers who were abstinent at least for
24 hours, participants in this study were smoking at their own pace until they reported to our
laboratory. Nicotine stimulates secretion of various neurotransmitters in the brain
(Benowitz, 2010) that would produce stress-like symptoms (e.g., activation of HPA axis;
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Pickworth & Fant, 1998; Pomerleau & Pomerleau, 1991). Thus, it is possible that when
smokers are smoking ad lib, alterations in the central system due to habitual smoking may
be masked by neurochemical effects of nicotine. Therefore, influences of nicotine on
cardiovascular and adrenocortical systems that account for smoking relapse may not appear
until after quitting smoking (al'Absi et al., 2004; al'Absi et al., 2005). The association
between pain perception prior to a cessation attempt and smoking relapse may be mediated
by neurobiological system other than cardiovascular or HPA activity such as endogenous
opioid system.

Also in the present study, abstinent and relapsed participants differed in pain perception
even though two groups exhibited comparable cardiovascular and hormonal reactivity
patterns in response to CPT. To further investigate the mechanisms of nicotine-related
analgesia and smoking and relapse, future study should include stress-induced analgesia
(SIA) because evidence suggests that SIA is mediated by endogenous systems such as
opioid functions, baroreceptor reflex, noradrenergic activity, and HPA axis (Bruehl &
Chung, 2004; Butler & Finn, 2009; Dworkin et al., 1994; Girdler et al., 2005). This is
particularly important in light of findings that smokers who exhibited attenuated beta
endorphin (Shaw & al'Absi, 2008) and HPA measures (al'Absi et al., 2005; Frederick et al.,
1998; Ussher et al., 2006) during abstinence were at high risk of early relapse. The extent to
which nicotine-related central and peripheral modulation influences smokers' pain
perception and withdrawal symptoms before and after smoking cessation may help better
understand psychobiological mechanisms of smoking and relapse.

The findings of the current study are limited by a number of factors. First, there was no non-
smoking control group. Inclusion of this group could have helped in better interpret the non-
significant cardiovascular and adrenocortical results observed in the study. However,
because the primary purpose was to examine whether pain perceptions in smokers predicted
relapse, we believe that the lack of a control group did not seriously limit the impact of the
findings. Second, other biomarkers such as beta endorphin should be included to clarify the
specific mechanism of pain sensitivity, withdrawal symptoms, and smoking relapse. Third,
our sample was not large enough to carefully examine sex differences. Since sex differences
in pain regulatory mechanisms may be altered by chronic smoking (Girdler et al., 2005),
moderating effects of sex on pain regulation and relapse needs to be tested. Lastly, perceived
effectiveness of brief support sessions might have influenced the outcome of smoking
cessation. Future study should examine this possibility. Nonetheless, this study used a
comprehensive pain assessment method, collected both physiological, hormonal, and self-
report measures, carefully assessed smoking status over an extended follow-up period, and
prospectively assessed predictors of smoking relapse.

In conclusion, the current study found that pain ratings during and after CPT prior to
cessation of smoking predicted early smoking relapse. The findings suggest that pain
perception is a potentially useful marker in identifying smokers who are at greater risk of
early smoking relapse. Future research should investigate mechanisms mediating the
relationship between pain perception and smoking relapse including the role of endogenous
opioid dysregulation.
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Research Highlights

1. We tested whether pain ratings prior to smoking cessation predicted early
relapse.

2. Pain ratings were related to increased risk for early smoking relapse.

3. The finding remained significant after controlling for stress-related variables.

4. Pain perception may be helpful in identifying smokers at risk for early relapse.
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Figure 1.
Mean Cardiovascular and adrenocortical measures to the cold pressor test (CPT). Line bars
indicate standard error of the mean. Note. BP = blood pressure, HR = heart rate, BPM =
beats per minute.
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Figure 2.
Mean pain ratings during and after CPT. Line bars indicate standard error of the mean. Note.
* p < .05. ** p < .01.
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Table 1

Participant Characteristics. Note. Entries show mean (standard error); BMI = body mass index; FTND =
Fagerström Test of Nicotine Dependence; ppm = parts per million.

Abstinent Relapsed

Age (years) 36.7 (2.4) 35.4 (2.4)

BMI (kg/m2) 25.1 (0.7) 25.1 (0.7)

Education (years) 14.4 (0.5) 14.3 (0.5)

Caffeine (servings per day)   4.7 (0.5)   3.9 (0.5)

Sleep (hours per day)   7.2 (0.2)   6.9 (0.2)

Cigarettes (per day) 18.5 (1.2) 20.5 (1.2)

Duration (years) 11.8 (2.0) 12.9 (1.9)

Previous quit attempts   5.7 (2.2)   6.6 (2.2)

Motivation to quit   5.9 (0.2)   6.1 (0.2)

FTND   5.1 (0.4)   6.0 (0.3)

Carbon monoxide (ppm)

Prequit baseline   22.6 (1.7)   24.2 (1.9)

Postquit week 1   4.6 (1.1)   12.0 (1.3)

Postquit week 2   5.4 (1.2)   13.9 (1.4)

Postquit week 3   5.1 (1.2)   14.6 (1.4)

Postquit week 4   5.3 (1.2)   16.3 (1.3)
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Table 2

Craving, State Mood, and Pain Measures. Note. Entries show mean (standard error); MNWS = Minnesota
Nicotine Withdrawal Scale; CPT = cold pressor test; MPQ = McGill Pain Questionnaire.

Period Abstinent Relapsed

MNWSa Baseline 6.2 (0.9) 7.4 (0.9)

After CPT 6.2 (1.0) 7.0 (1.0)

Recovery 7.0 (1.0) 8.4 (1.0)

Cravinga Baseline 2.3 (0.3) 2.7 (0.3)

After CPT 2.3 (0.4) 2.9 (0.4)

Recovery 2.8 (0.3) 3.3 (0.3)

Negative Affecta Baseline 2.6 (0.5) 3.1 (0.5)

After CPT 2.2 (0.5) 2.6 (0.5)

Recovery 2.5 (0.6) 3.6 (0.6)

Positive Affectab Baseline 22.9 (1.1) 20.3 (1.1)

After CPT 22.2 (1.2) 18.8 (1.2)

Recovery 21.0 (1.2) 17.8 (1.2)

Physical Symptomsa Baseline 6.1 (0.8) 6.4 (0.8)

After CPT 6.0 (0.9) 7.3 (0.9)

Recovery 5.1 (0.7) 5.2 (0.7)

Pain Measures Intensity (During)* 54.3 (3.8) 64.9 (3.8)

Intensity (Post)** 16.4 (2.4) 25.6 (2.4)

MPQ-Total 14.7 (1.4) 16.8 (1.4)

a
Effect of time was significant at p < .05 level.

b
Effect of group was p = .06.

*
p < .05.

**
p < .01.
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