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Abstract

Exercise is presumed to be a potentially helpful smoking cessation adjunct reputed to attenuate the
negative effects of deprivation. The present study examined the effectiveness of moderate within-
session exercise to reduce four key symptoms of smoking deprivation during three 72-hour
nicotine abstinence blocks in both male and female smokers. Forty-nine (25 male, 24 female)
sedentary smokers abstained from smoking for three consecutive days on three separate occasions.
At each session, smokers’ abstinence-induced craving, cue-induced craving, negative mood, and
withdrawal symptom severity were assessed prior to and after either exercise (AM exercise, PM
Exercise) or a sedentary control activity (Magazine reading). Abstinence-induced craving and
negative mood differed as a function of condition, F(2,385)=21, p< 0.0001, and F(2,385) = 3.38,
p=0.03. Planned contrasts revealed no difference between AM and PM exercise, but exercise
overall led to greater pre-post reduction in abstinence-induced craving, t(385)=6.23, p< 0.0001,
effect size Cohen’s = 0.64, and negative mood, t(385)= 2.25, p= 0.03, d= 0.23. Overall exercise
also led to a larger pre-post reduction in cue-induced craving in response to smoking cues,
F(2,387) = 8.94, p = 0.0002, and withdrawal severity, F(2,385) = 3.8, p= 0.02. Unlike the other
three measures, PM exercise reduced withdrawal severity over control, t(385) = 2.64, p =.009, d=
0.27, whereas AM exercise did not. The results support the clinical potential of exercise to assist
smokers in managing common and robust negative symptoms experienced during the first 3 days
of abstinence.
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Eighty percent of the 17 million Americans who try to quit each year relapse within the first
month (U.S. Department of Health and Human Services, 2014) and only 3% remain

abstinent six months post-quit (Benowitz, 2008). To increase cessation success, considerable
research and clinical work has focused on diminishing negative symptoms experienced upon
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quitting smoking, most commonly abstinence-induced craving to smoke and negative mood.
Although nicotine replacement (NRT) studies show that NRT significantly attenuates both of
these symptoms, relief is not complete and varies considerably (Dale et al., 1995; Killen,
Fortmann, Davis, Strausberg, & Varady, 1999; Shiffman, Ferguson, Gwaltney, Balabanis, &
Shadel, 2006). Moreover, upwards of 70% of smokers using NRT to quit still relapse
(Jolicoeur, Richter, Ahluwalia, Mosier, & Resnicow, 2003; Shiffman et al., 2002).
Exacerbating the difficulty of quitting, smokers readily report that confrontation with cues
associated with smoking is another vital aspect of their inability to stay quit (Shiffman et al.,
2007). Unfortunately, past attempts to attenuate such cue-reactivity through nicotine
replacement and/or behavioral exposure treatment have consistently failed (Conklin &
Tiffany, 2002a; Ferguson & Shiffman, 2009; Martin, LaRowe, & Malcolm, 2010).
Therefore, treatment adjuncts capable of reducing not only abstinence-induced craving and
negative mood, but cue-induced craving as well, may significantly enhance current smoking
cessation treatments.

One promising behavioral adjunct for smoking cessation is exercise. Several studies suggests
that short bouts of moderate-intensity exercise can reduce abstinence-induced craving in
briefly-deprived smokers (Janse Van Rensburg & Taylor, 2008; Taylor, Katomeri, & Ussher,
2005; Taylor, Ussher, & Faulkner, 2007; Taylor & Katomeri, 2006, 2007), as well as reduce
cue-induced craving and increase time-to-next cigarette (Elibero, VVan Rensburg, & Drobes,
2011; Fong, De Jesus, Bray, & Prapavessis, 2014; Taylor & Katomeri, 2007). Several
reviews of the acute impact of physical activity on abstinence-induced craving (Haasova et
al., 2014; Roberts, Maddison, Simpson, Bullen, & Prapavessis, 2012; Taylor et al., 2007)
and withdrawal symptoms (Roberts et al., 2012; Taylor et al., 2007) have revealed
significant evidence of craving attenuation among briefly deprived smokers (ranging 30
minutes to 24 hrs). However, whether exercise can attenuate both abstinent- and cue-induced
craving repeatedly over longer deprivation, such as the first 3 days of abstinence when
negative symptoms of quitting smoking often peak, remains untested.

Finding more effective methods of reducing elevations in negative mood, also commonly
experienced during nicotine withdrawal (Diagnostic and Statistical Manual of Mental
Disorders Source Information, 2015; Hughes, 1992; Hughes, 2007; West, Hajek, & Belcher,
1989), may further aid efforts to quit. Although nicotine replacement therapies improve
negative mood, they fail to completely suppress affective dysregulation in quitting smokers
(Dale et al., 1995; Killen et al., 1999; Shiffman et al., 2006). Exercise may be one behavioral
method to improve mood during abstinence as it has been shown to have a positive impact
on negative mood escalation experienced by female smokers upon quitting (Bock, Marcus,
King, Borrelli, & Roberts, 1999). Among other smoking cessation trials, there is evidence of
exercise attenuating both abstinence-induced craving and negative mood (Ussher, Taylor, &
Faulkner, 2012a), but assessment has often focused changes from baseline to end of
treatment, or at the end of each week of a several week treatment (e.g., Bock et al., 1999)
thus limiting understanding of the acute impact of exercise on these measures. Moreover, the
specificity of exercise to attenuate negative symptoms during withdrawal is often hard to
determine in cessation studies due to the frequent use of NRT, which alone reduces variable
levels of abstinence-induced craving and negative mood (Ussher, Taylor, & Faulkner,
2012b). Thus, whether exercise relieves abstinence-induced craving, cue-induced craving,
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and negative mood during extended deprivation in the early stages of abstinence, for
example consistently over the first three days of peak negative symptoms, has not been
examined. Moreover, no studies have examined the acute effects of exercise over a longer
period of deprivation in both male and female smokers.

Also unknown is the best time of day to exercise in order to get maximal relief from negative
symptoms occurring early in the process of smoking cessation. Nicotine withdrawal
intensity can have considerable diurnal variability, particularly craving, which studies have
shown can be high in the morning and dip lowest at midday with the potential to peak again
in the evening (Chandra, Scharf, & Shiffman, 2011a; Dunbar, Scharf, Kirchner, & Shiffman,
2010; Perkins, Briski, Fonte, Scott, & Lerman, 2009). Using exercise to attenuate these
symptoms may be more effective at different times of day, or among smokers with different
circadian patterns. Thus, examinations of exercise at different times of days to reduce
negative symptoms experienced during the first days of smoking deprivation among both
sexes would provide more nuanced information about the potential of exercise to help
smokers quit.

The goal of the present study was to examine the impact of daily moderate AM versus PM
exercise on 4 key consequences of nicotine abstinence; namely, increased abstinence-
induced craving, negative affect, cue-induced craving, and withdrawal severity, during a 3
day (72 hours) smoking deprivation period in male and female smokers. It was hypothesized
that exercise overall, compared to control activity, would lead to reductions in pre- post-
levels of abstinence-induced craving, negative affect, cue-induced craving and withdrawal
severity. Additionally, the study examined differences in the efficacy of exercise to relieve
each measure as a function of sex as well as exercise time of day (AM/PM).

METHODS
Study design

A within-participants design was used to examine three exercise conditions (AM, PM, No
exercise: Magazine control) on abstinence-induced craving, cue-induced craving, negative
mood, and withdrawal severity among 72-hour abstinent, non-treatment seeking, sedentary
smokers. The data presented here are part of a study exploring the effects of exercise on
outcome measures presented here, as well as on sleep changes brought on by nicotine
deprivation (Soreca et al., n.d.). Thus the study took place in the Neuroscience Clinical
Translational Research Center (N-CTRC) at Western Psychiatric Institute and Clinic, where
participants slept at night during each 3-day/2 night experimental block. All participants
abstained from smoking for three consecutive days for each of the three exercise condition
blocks. In between experimental blocks, participants were instructed to return to regular
smoking for one week. Exercise condition was counterbalanced and stratified by gender
such that all condition orders occurred an equal number of times across all participants and
equally across male and female participants. To increase adherence to abstinence and
compensate for their time, participants were paid for each phase of the study as detailed in
Table 1. All methods were approved by the University of Pittsburgh Institutional Review
Board.
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Participants were men and women age 18 to 45 who met criteria for DSM-1V-TR nicotine
dependence (American Psychiatric Association, 2000). They had been smoking for at least
one year, had smoked at least 10 cigarettes a day for the past six months, had not attempted
to quit for longer than one week in the previous month, and were not taking smoking
cessation medication. In addition, individuals were eligible to enter the study if they met
sedentary criteria by not regularly exercising (defined as exercising fewer than three times
per week and for no more than 20 minutes each time), were free of medical illness and able
to exercise (as determined by medical history, EKG, and blood tests), had not met criteria for
any psychiatric disorders in the past year, assessed via the Structured Clinical Interview
(Non-patient Version) for DSM-IV (SCID-NP), were not positive for any recreational drug
(confirmed by urine drug screen) and, to confirm regular smoking, gave an expired-air
carbon monoxide breath sample >10ppm (Vitalograph Inc., Lenexa, KS) and urine cotinine
level > 100ng/ml, measured as a 3 or greater on the NicAlert urine test (Nymox Corporation,
Hasbrouck Heights, NJ). The also completed a Smoking history form with demographic
information and the Composite Scale (Smith, Reilly, & Midkiff, 1989) to assess chronotype
eveningness/morningness.

Self-report Measures

Chronotype/Eveniningness—Chronotype was assessed with the Composite Scale (CS;
Smith, Reilly, & Midkiff, 1989) a self-report measure of habitual timing preference for
activities, as well as circadian rhythms of energy and productivity. Low scores on the CS
indicate tendency toward eveningness, while high scores are consistent with a morning
chronotype. The CS was completed once at the screening session.

Cue-induced Craving—Post-trial craving during cue-reactivity was assessed via the 4-
item Brief Questionnaire on Smoking Urges (Carter & Tiffany, 2001). This 4-item scale is
derived from a widely used clinical and laboratory measure of urges to smoke (Tiffany &
Drobes, 1991). Rated on a scale of 0-100, the four items include: “Nothing would be better
than smoking a cigarette right now,” “I have an urge for a cigarette,” “All | want now is a
cigarette,” and “I crave a cigarette right now.” Cronbach’s alpha values for this four-item
version of the Questionnaire on Smoking Urges ranged from .93 to .95.

Abstinence-induced craving—The Questionnaire on Smoking Urges (Cox, Tiffany, &
Christen, 2001) is a 10-item version of the larger 32-item QSU (Tiffany & Drobes, 1991).
The QSU-Brief yields a general craving score with excellent reliability (alpha=.97) and has
been used extensively in smoking cessation research. The QSU-Brief was completed pre-
and post-exercise.

Negative mood—The Negative Affect items of the Mood Form (Diener & Emmons,
1984) were used to assess negative mood. Items include: depressed/blue, unhappy;,
frustrated, worried/anxious, and angry/hostile, which are rated on a 0 (not at all) to 100 (very
much) visual analog scale and yield a negative affect score. The Negative Affect scale is
internally consistent, with Cronbach’s alpha values ranging from .81 to .85.
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Withdrawal—The Minnesota Withdrawal Scale-Revised (MWS; Hughes & Hatsukami,
1986) assesses general withdrawal symptoms and is comprised of 9 items rated on a scale
from 0 to 4 exploring craving for tobacco, irritability, anxiety, difficulty concentrating,
restlessness impatience, somatic complaints, insomnia, increased hunger. The MWS was
completed pre- and post-exercise.

Rated perceived exertion RPE—RPE (Borg, 1998) was assessed throughout exercise at
5-minute intervals. RPE is a basic measure of exercise intensity used to assess an
individual’s perceived level of exertion during physical activity. When prompted by the
experimenter, who held up a paper copy of the scale, participants verbally assigned a number
from 6-20 (e.g., 6=no exertion, 13=somewhat hard, 20 = maximal exertion) to their level of
exertion.

After meeting initial screening criteria, all participants completed a baseline session to allow
for completion of study assessments during their regular, nondeprived, smoking state. They
were instructed to smoke freely prior to and during this session. Upon arrival at the
laboratory, they completed self-report measures of withdrawal (Minnesota Withdrawal
Scale- MWS; Hughes & Hatsukami, 1986) mood (Diener & Emmons, 1984), and craving
(Brief Questionnaire of Smoking Urges-QSU-Brief; Cox, Tiffany, & Christen, 2001). They
then underwent a 15-minute cue reactivity protocol (CR; described below) assessing self-
report responses to smoking and neutral pictorial cues (Conklin et al., 2015). They were then
told they could relax and watch TV or read; and, if they wanted to smoke they could ask an
attendant to take them to a nearby smoking room. They were given dinner two hours prior to
their bedtime, which was based on average self-reported bedtime during the previous two
weeks. In the morning, they repeated the assessments, including CR and were then free to
leave the laboratory.

Experimental Blocks

Participants were instructed to abstain from smoking 6-hours prior to their first 72-hour
abstinence block session. This was verified by a CO breath sample, which after 6 hours
abstinent, was expected to be at least 50% reduced from their baseline CO level (acquired
during the screening process). Participants were instructed that they were not allowed to use
nicotine replacement products to aid abstinence. Abstinence during the three-day
experimental sessions was monitored via CO and urine cotinine at each visit to the
laboratory. Although urine cotinine was not necessarily expected to decrease during the
three-day block, anything other than no change or a reduction in cotinine during that time
was recorded as having smoked. If a participant failed to meet the CO cutoff the first day of
a block, they were given one chance to reschedule. Participants who failed to remain
abstinent after starting a 3-day block (n=5) were excluded from the study. In between the
three 3-day experimental periods, participants were told to resume regular smoking.
Individuals who expressed a desire to permanently quit smoking were given educational
material on smoking cessation, referred to specialty counseling, and excluded from the study
(n=1). Participants slept in the laboratory each night during the 3 three-day abstinence
blocks. Each day participants left the laboratory and returned 5 hours prior to their bedtime.
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Physical activity outside of sessions was recorded with actigraphy watches and evaluated for
compliance with sedentary criteria. No participant increase out-of-session activity over the
course of the study beyond that allowed under the established sedentary criteria (i.e.,
exercising fewer than three times per week and for no more than 20 minutes each time).
Protocol for the three exercise block conditions were as follows:

PM Exercise—Participants arrived at the laboratory 5 hours before bedtime, completed
pre-exercise assessments and CR, followed by exercise (as described below) and post-
exercise assessments and CR. They were then served dinner and could watch TV or read
until bedtime. The following morning, they repeated the ratings and CR within 30 minutes
of their wake up time and were then free to leave the laboratory for the day.

AM Exercise—~Participants arrived at the laboratory 5 hours prior to their habitual bedtime
and completed initial ratings and CR. They were then free to eat dinner, watch TV or read
until their bedtime. The following morning they completed the pre-exercise self-report
assessments and CR within 30 minutes of their wake up time followed by exercise and post-
exercise assessments and CR. They were then free to leave the laboratory.

Magazine Control—Participants followed the same protocol described for the exercise
sessions, but they were instructed to sit quietly and read magazines in place of exercise. Half
of the participants were randomized to AM reading and half to PM reading.

Exercise protocol

Participants walked briskly on a treadmill with HR monitoring (Polar Electro Inc., Lake
Success, NY) to ensure that 60% of their age adjusted maximum heart rate (AAMHR),
computed as (220-age)*0.60, was maintained. A 5-minute warm up with the treadmill set at
2.5 MPH, 0% grade was followed by an increase to 3 MPH. Mean heart rate over each
subsequent 5-minute period was used to determine if HR was at 60%=5 bpm of AAMHR,
with adjustments made to grade (and speed if necessary) if HR was outside of this
prescribed range. Participants also gave verbal RPE (Borg, 1998) ratings at each 5-minute
interval. Each 30-minute session was followed by a 5-minute cool-down.

Cue Reactivity (CR)

CR consisted of a computer-automated 6-trial cue reactivity protocol involving 40 seconds
of relaxation, 40 seconds of cue presentation, and self-report ratings. The cue presentation
period started with a screen instructing the participant to “focus on the following item and
think about actually having it with you right now” followed by a series of four pictures of
the same cue from four different angles, with each angle presented for 10 seconds. Smoking
cues included objects such as a cigarette burning in an ashtray, lighters, etc. Neutral cues
included stimuli not related to smoking such as, a pen and pad of paper, lip balms, etc.
(Conklin et al., 2015). Smoking and neutral cue trials were presented in a counterbalanced
order such that no more than two of any cue type (smoking, neutral) occurred consecutively.
After each 40-second cue presentation period, participants completed a computer-automated
4-item craving rating before the next trial began with relaxation.
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Data analysis

All data analyses were performed using SAS (version 9.4, SAS Institute, Inc., Cary NC,
2013). Eighty-eight participants entered the study, with 49 study completers contributing
data to the final analysis. The demographics and baseline clinical variables between
participants who completed all the assessments (i.e., Completers), and those who entered the
study, but did not complete (Non-completers), were compared using Fisher’s exact tests or
Chi-squared tests for categorical variables, and t-tests for continuous variables. The primary
dependent variables were self-report ratings of abstinence-induced craving, cue-induced
craving, withdrawal severity, and negative mood, measured pre- and post-exercise. The
primary analytical strategy was repeated measures mixed model for continuous outcomes. In
all models, model diagnostics were examined to identify influential observations and to
assess the model fit. All hypothesis tests were two-sided and at the .05 level.

First, mixed-effect models were applied to pre-post session reduction in the four primary
outcomes that were measured repeatedly on three days in each exercise block. The fixed
terms included exercise condition (AM, PM, Mag), block (1, 2, 3) and day (1, 2, 3), as well
as factors known to be related to the outcomes such as age, number of cigarettes, and
nicotine dependence. Sex, eveningness, the exercise by block interaction, and the exercise by
day interaction were considered for inclusion in the models, but none of these terms were
significant and were therefore not included in the final models. Random terms included
exercise sequence (e.g., PM-AM-No exercise, PM-No-AM exercise, etc), and participants,
which were nested in sequence to account for dependence among individuals who received
the same treatment sequence and dependence in repeated measures from the same
participant. The Kenward and Roger adjustment was used for computing denominator
degrees of freedom in F tests.

Significant condition effects were followed up by contrast tests to determine if active
exercise led to greater reduction in acute symptoms than the non-exercise condition by
comparing the averaged change scores from the two exercise conditions with those taken
during the control (magazine) inactive period. As done in past studies examining cue-
reactivity (e.g., Brandon et al., 2011), we also conducted a comparison of group differences
in cue-induced craving to smoking cues while controlling for craving induced by neutral
cues. Contrasts were also set up to examine the effects of morning exercise versus evening
exercise on withdrawal, mood, abstinence-induced craving and cue-induced craving. Given
evidence of heightened craving and negative affect during morning hours (Chandra, Scharf,
& Shiffman, 2011b), it was hypothesized that morning exercise would lead to greater pre-
post-exercise reduction in withdrawal, negative mood, abstinence-induced craving, cue-
induced craving to smoking related cues compared to evening exercise. Additional tests
were conducted to examine whether the ratings on percent exertion (RPE) were associated
with pre-post reduction in cravings, negative mood and withdrawal during exercise sessions.
Similar mixed-effect models were applied to pre-post reductions measured repeatedly over
the three days during the AM exercise and PM exercise. The maximum RPE during exercise
was included as a fixed term.
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Eighty-eight participants were consented for the study. Forty-nine participants completed the
study. As shown in Table 2, completers did not differ from those who entered the study but
failed to complete on any of the demographic and clinical variables. The final analyses were
conducted on the 49 completers only. Of the non-completers (n=39), the majority (h=32)
dropped out or were excluded immediately after the baseline night. Reasons for non-
completion included: Failing a drug test (n=19), inability to maintain abstinence (n=10), and
personal decision (n=10).

Changes in withdrawal symptoms as a function of exercise condition

(1) Abstinence-induced craving—Abstinence-induced craving, pre- to post-exercise
was significantly attenuated by 30-minutes of in-session moderate exercise. Specifically,
abstinence-induced craving differed as a function of condition A2,385)=21, p< 0.0001.
Planned contrasts revealed significant reductions in abstinence-induced craving both
between PM exercise and control (est = 11.2, t(385) = 6.28, p < 0.0001, &= 0.64) and
between AM exercise and control (est = 8, t(385) = 4.51, p < 0.0001, d= 0.46), but no
difference between AM and PM exercise.

(2) Cue-induced craving—Compared to the sedentary condition, exercise led to a larger
pre-post reduction in cue-induced craving in response to smoking-related stimuli measured
via the QSU-4 following cue exposure trials (est = 9.4, {385)=7.5, p< 0.0001, d=0.76). A
weaker, but still significant effect was found for reactivity to neutral cues (est = 8.7, {384) =
6.7, p<0.001, d=0.68). We then compared group differences in smoking cues while
controlling for neutral cues, which revealed a significant effect of exercise, F(2,387) = 8.94,
p = 0.0002. Planned contrasts revealed significant reductions in smoking cues between
exercise and control (est = 4.16, t(383) = 3.87, p = 0.0001, = 0.39), with larger reduction
between PM exercise and control (est = 5.27, t(379) = 4.33, p < 0.0001, &= 0.44), smaller
reduction between AM exercise and control (est = 3.05, t(383) = 2.47, p = 0.01, d=0.25),
with the difference between AM and PM exercise nearing significance (est = 02.21, t (374) =
-1.87, p=0.06, d=0.19).

(3) Negative mood—Negative mood was also significantly attenuated by exercise.
Reduction in negative mood differed as a function of condition (AM, PM exercise or
control), A2, 385) = 3.38, p=0.04. Again, no difference between AM and PM exercise was
revealed, but planned contrasts showed a significantly greater pre-post reduction in negative
mood following exercise compared to control activity, {385)= 2.25, p=.03, d = 0.23.

(4) Withdrawal Severity—There was a significant effect of condition on withdrawal
severity (A2, 385) = 3.8, p=0.02). Further, unlike the other three symptoms, PM exercise
was associated with larger reduction in withdrawal severity compared to the control
condition (#385) = 2.64, p=0.009, d = 0.27), while AM exercise was not different from
control. However, the difference between AM and PM only neared significance t(385) =
-2.01,p=0.07, a= 0.2,
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Changes in withdrawal symptoms as a function of RPE

After controlling for the timing of exercise (AM vs. PM), block, day, age, number of
cigarettes, and nicotine dependence, maximum ratings on percent exertion were not
associated with pre-post reduction in cravings, negative mood and withdrawal severity
during exercise sessions (all p’s >0.13). Exercise worked equally well to attenuate all four
abstinence-related symptoms regardless of how easy or difficult individuals perceived it to
be.

DISCUSSION

Results support moderate exercise to attenuate abstinence-induced craving, cue-induced
craving, negative mood and withdrawal severity in both male and female smokers over 3
continuous days (72 hours) of smoking deprivation. Exercise reliably reduced all four
symptoms each day of the three-day abstinence periods without evidence of habituation.
These effects occurred regardless of participant sex or level of perceived exertion (RPE)
while exercising. In contrast to our expectation, there was no differential impact of AM
versus PM exercise on abstinence-induced craving, cue-induced craving, or negative mood.
However, PM exercise was more effective than control activity in in reducing withdrawal
severity, which was not true of AM exercise.

The finding that moderate exercise reduced abstinence-induced craving and withdrawal
severity is consistent with recent meta-analytic reviews examining the impact of physical
activity on these measures during brief abstinence from smoking (Haasova et al., 2014;
Roberts et al., 2012). Unique to the present study is the finding that moderate exercise
reduced cue-induced craving to smoking cues during 3 consecutive days of deprivation. The
effect of exercise on reducing reactivity to smoking cues was greater than reduction during
exposure to neutral cues. Although both were significant, evaluation of group differences in
cue-induced craving to smoking cues while controlling for neutral cues revealed a significant
effect of exercise to attenuate cue-induced craving to smoking-related stimuli. This suggests
potential for exercise to aid smokers in coping with cue-induced craving where other
methods have failed, an important possibility given that cue-induced craving is not alleviated
by nicotine replacement (Tiffany, Cox, & Elash, 2000) and can continue much longer than
abstinence-induced withdrawal. Moreover, although two studies have demonstrated
reduction in cue-induced craving during treatment with varenicline (Brandon et al., 2011;
Franklin et al., 2011) other studies have not found this effect (e.g., Hitsman et al., 2013);
and, behavioral techniques aimed at reducing cue-induced craving have also consistently
failed (Conklin & Tiffany, 2002a, 2002b; Martin et al., 2010). The current finding is in line
with other studies examining the impact of physical activity during very brief abstinence
(several hours) on cue-induced craving. One such study demonstrated attenuation of cue-
provoked craving via brief walking during 2 hours of abstinence (Taylor & Katomeri, 2007),
one showed that cardiovascular activity reduced cue-specific craving relative to both Hatha
yoga and no exercise control (Elibero et al., 2011), and a third demonstrated reductions in
stressor-induced craving using moderate exercise (Fong et al., 2014). The present findings
extend that work to show that exercise may acutely reduce cue-induced craving several days
into nicotine abstinence when the negative effects of quitting are likely at peak. A larger trial
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is needed to realize the full potential of exercise to reduce cue-induced craving during actual
quitting.

Timing of exercise had limited differential impact on negative symptoms with only PM
exercise proving more effective in reducing subjective withdrawal severity relative to control
activity. Although individuals prone to “eveningness” over “morningness” are more likely to
be smokers (Negriff, Dorn, Pabst, & Susman, 2011; Urban, Magyarédi, & Rigé, 2011), we
found no moderating effect of chronotype on measures of interest in the present study. There
are several possibilities for why exercising in the evening may be more effective than control
activity for reducing perceived withdrawal severity. First, as public smoking bans increase,
smoking may occur much more frequently in specific environments (Chandra, Shiffman,
Scharf, Dang, & Shadel, 2007; Conklin, 2006), most notably, the home where many wakeful
hours often occur in the evening. Second, smokers may benefit from more distractions from
smoking during daytime hours, when they are actively engaged in work or activities. Third,
the decision to refrain from smoking requires cognitive effort (Tiffany, 1990) at the expense
of other cognitively demanding tasks. By day’s end, the effort to remain cognitively vigilant
may wane with fatigue making withdrawal more difficult to combat and the benefits of
exercise more robust.

Of note, this was not a clinical trial and only non-treatment seeking smokers were recruited.
The study goal was to examine the negative effects of smoking abstinence during the first 3
days of deprivation when symptoms are likely peaking. A significant number of participants
initially accepted into the study dropped out after baseline night, and only study completers
contributed to the final analysis. Therefore, the findings may not generalize to all smokers,
but rather to those able/willing to remain abstinent for 3 day periods outside of a quit
attempt. Further, to increase compliance with repeated 3-day abstinence blocks, participants
were paid substantially. In a treatment study, smokers would not be given such monetary
compensation for quitting; however, treatment-seeking smokers would likely have
considerable internal motivation to remain abstinent, something our participants were
specifically lacking. Although the present study precludes conclusions on the impact of
moderate exercise during actual smoking cessation, the findings do speak to the feasibility of
testing exercise as a beneficial adjunct in future cessation trials in several ways. First,
exercise was well tolerated. No participants were excluded from the study or dropped out
because of difficulty exercising. Participants average Rated Perceived Exertion (RPE; Borg,
1998) was a 12, which is midway between fairly light and somewhat hard work, suggesting
variance in perceived difficulty, but no reports that it was too taxing. Second, RPE did not
predict level of reduction in any of the withdrawal variables, suggesting that regardless of
perceived exertion, moderate walking was equally effective in attenuating the four negative
effects of smoking deprivation we studied. Third, the impact of time of day was modest,
with PM exercise reducing withdrawal severity over control; however, both AM and PM
exercise equally reduced abstinence- and cue-induced craving, as well as negative mood.
Therefore, there may be considerable schedule flexibility without sacrificing much efficacy
when implementing this potential treatment technique, flexibility many smokers’ may
require in a treatment plan. Fourth, there was no evidence of habituation to exercise over the
three day abstinence period as it continued to acutely reduce negative symptoms each day.
Therefore, exercise may function well over a longer course of abstinence as a daily aid to
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help smokers cope with negative symptoms that arise during cessation. Fifth, no sex
differences were revealed, suggesting that exercise may work equally well for male and
female smokers to reduce negative symptoms of abstinence.

There is adequate initial evidence, from the present study and others, to suggest that this
simple non-medication based behavioral technique may significantly aid cessation,
particularly during early abstinence, a highly relapse-vulnerable time when 80% of quitting
smokers return to smoking (Benowitz, 2008). It also suggests the need for further
investigation into the ability of exercise to attenuate cue-provoked urges during abstinence
and to examine the potential of an exercise adjunct to improve cessation rates achieved with
existing treatments for both male and female smokers.
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Relevance/Public health significance

Smoking cessation remains an unattained goal for many smokers attempting to quit. One
potential means of augmenting cessation success is through behavioral treatment adjuncts
that target negative symptoms experienced during the initial stage of quitting. Results of
this study suggest that daily moderate exercise may be one such method as it acutely
reduces craving, negative mood, and withdrawal severity consistently over the first three
days of smoking deprivation.
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Figure 1.
Abstinence-induced craving pre- and post-exercise averaged across 72 hours of abstinence

as a function of exercise condition.
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Cue-induced craving difference score (craving to smoking stimuli minus craving to neutral
stimuli) pre- and post-exercise averaged across 72 hours of abstinence as a function of

exercise condition.
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Negative mood pre- and post-exercise averaged across 72 hours of abstinence as a function

of exercise condition.
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Figure 4.
Withdrawal severity pre- and post-exercise averaged across 72 hours of abstinence as a

function of exercise condition.
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Participant compensation

Table 1

SCID & Assessments $25
Medical Exam & Labs $25
Apnea Screen & Baseline Night $150
Graded Exercise Test $25
Block 1 $300
Block 2 $300
Block 3 $300 + $100 completion bonus
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Table 2

Completer and Non-completer Demographics

Completers N=49 | Entered but not completers N =39 | P value
Female (%) 46.9 359 0.30
Non Hispanic/Latino (%) | 100 94.9 0.20
Age (mean + SD) 275%6.6 285+7.2 0.50
CPD (mean * SD) 143 +4.1 16.4+7.1 0.13
FTND (mean + SD) 48+17 53+19 0.27
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