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ABSTRACT

Introduction: Previous exercise intervention studies for smoking cessation have been challenged by a number of methodologi-
cal limitations that confound the potential efficacy of aerobic exercise for smoking cessation.

Methods: The preliminary efficacy of a behavioral exercise intervention that incorporated features designed to address prior
limitations was tested in a randomized controlled trial (RCT). Sixty-one smokers (65.6% female, mean age = 47.3 years, smoked
a mean of 19.7 cigarettes/day) were randomized to receive either a 12-week exercise intervention or a 12-week health education
contact control. Participants in both conditions received an 8-week telephone-delivered, standard smoking cessation protocol
(with the transdermal nicotine patch). Follow-ups were conducted at the end of treatment (EOT), 6- and 12-month timepoints.

Results: There were no differences between conditions with respect to the number of weekly exercise or health education
sessions attended (9.3+2.8 vs. 9.3+3.0, respectively). While not statistically significant, participants in the exercise condition
demonstrated higher verified abstinence rates (EOT: 40% vs. 22.6%, odds ratio [OR] = 2.28; 6- and 12-month follow-ups: 26.7%
vs. 12.9%, OR = 2.46). Irrespective of treatment condition, higher levels of moderate-to-vigorous exercise were associated with
lower levels of depressive symptoms during the intervention.

Conclusions: The results of this small RCT point toward the benefit of a behavioral exercise intervention designed to address
previous methodological limitations for smoking cessation. Given the potential public health impact of the demonstrated efficacy
of exercise for smoking cessation, the continued development and optimization of exercise interventions for smokers through

larger RCTs merits pursuit.

INTRODUCTION

The role of regular aerobic exercise (AE) as a potential aid
to smoking cessation and reducing relapse risk is receiving
increasingly greater attention (Ussher, Taylor, & Faulkner,
2012). In practice, exercise is now routinely recommended
as a cessation aid by smoking professionals (Everson, Taylor,
& Ussher, 2010) and is also endorsed by the current Clinical
Practice Guideline for Treating Tobacco Use and Dependence
(Fiore et al., 2008). Many smokers themselves identify exercise
as a potentially useful quitting strategy (Everson-Hock, Taylor,
& Ussher, 2010). Also, although smokers engage in regular
exercise at lower levels than the national population (Emmons,
Marcus, Linnan, Rossi, & Abrams, 1994; French, Hennrikus,
& Jeffery, 1996), those that are exercising regularly upon mak-
ing a quit attempt appear to be more likely to achieve long-term
abstinence (Abrantes et al., 2009).

doi:10.1093/ntr/ntu036
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Nevertheless, in a recently updated Cochrane review,
Ussher and colleagues (2012) concluded that there is currently
insufficient evidence to determine whether regular exercise is
an effective intervention strategy to promote smoking cessa-
tion. They also noted that most existing randomized controlled
trials (RCTs) had significant methodological limitations,
including small samples, interventions of insufficient intensity,
lack of efforts to increase adherence, lack of contact control
conditions, lack of objective measures of physical activity and
fitness, and insufficient attention to temporal sequencing of
exercise and quitting.

Regarding the important issue of adherence, rates have varied
but have been generally and consistently quite low across studies.
It can be argued that, without actual engagement in the exercise,
the efficacy of exercise cannot be fairly determined. Findings
from Marcus et al. (2005) found that, while there was no overall
treatment effect between exercise and a health education control
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condition, when smokers engaged in higher levels of moderate-
intensity AE per week, smoking abstinence was significantly
higher. In an effort to address the issue of adherence, Williams
and colleagues (2010) conducted a small, randomized study of
an 8-week exercise program for female smokers with design
features to ensure compliance such as enrolling only highly
motivated women who completed a 2-week run-in, requiring all
exercise to be supervised, and financially incentivizing attend-
ance. Compared to controls, participants in the exercise con-
dition were three times more likely to be abstinent at the end
of treatment (EOT) and twice as likely to be abstinent at the
1-month follow-up. However, this study employed features that
limited potential translation to a real-world context (e.g., 2-week
run-in and all exercise was supervised at the study facility).

In addition to these limitations, up until recent years many
exercise intervention studies incorporated physical activity of
vigorous intensity. However, vigorous intensity exercise may
not be appropriate for current smokers due to their compromised
respiratory capacity. Indeed, Ussher, Nunziata, Cropley, & West
(2001) found that smokers exercising at moderate intensity (as
measured by heart rate) perceived their exertion to be in the
high-intensity range (as measured by rate of perceived exertion
[RPE]). As such, vigorous intensity exercise may be too difficult
for sedentary smokers and ultimately affect exercise adherence.
In addition, moderate-intensity (as opposed to vigorous inten-
sity) AE has been consistently associated with higher levels of
exercise adherence across varied populations (Perri et al., 2002).

Furthermore, the studies with the fewest methodological
limitations (Kinnunen et al., 2008; Marcus et al., 1999; Marcus
et al., 2005; Prapavessis et al., 2007) were only conducted
with female smokers with exercise introduced as a means of
decreasing post-cessation weight gain. However, weight gain
can also be a relapse risk for male smokers (Borrelli, Spring,
Niaura, Hitsman, & Papandonatos, 2001) and given the higher
rates of smoking among males (CDC, 2011), well-designed
studies examining the effect of exercise interventions for
male smokers are also necessary. In addition, in both men and
women, interventions that introduce exercise in a manner that
extends beyond weight management to include benefits related
to fitness and mental health functioning (e.g., improved mood
and coping) are important to examine.

In the current study, we tested the preliminary efficacy of an
AE intervention for smokers that was specifically designed to
address these identified methodological limitations and allow for
a more generalizable and disseminable intervention. The inter-
vention included the following features: (a) moderate-intensity
exercise, (b) a sequential approach through adoption of exercise
for 1 month prior to quit date, (c) combined supervised plus home-
based exercise, (d) inclusion of both female and male smokers, (e)
a contingency-based, financial incentive component to increase
exercise adherence, and (f) inclusion of a cognitive—behavioral
group intervention to promote exercise adoption and adherence.
Another notable aspect was the use of telephone counseling for
smoking cessation, rather than face to face counseling, in consid-
ering future dissemination of the AE intervention as an adjunct
to tobacco quitlines (e.g., Segan et al., 2011). In this initial RCT,
AE was compared to a health education contact control (HEC)
intervention that was designed to include the same level of con-
tact between treatment providers. Both the AE and HEC groups
received the same telephone counseling intervention for smoking
cessation, as well as the transdermal nicotine patch (TNP). We
hypothesized that abstinence rates would be significantly higher

Nicotine & Tobacco Research

in the AE group relative to HEC, and that the AE group would
show evidence of decreased cravings, withdrawal symptoms, and
negative affect relative to HEC.

METHODS

Procedure

Participants were recruited from newspaper and radio adver-
tisements. Participants were screened via telephone for cur-
rent smoking level (at least 10 cigarettes/day) and extent of
physical inactivity (had not participated regularly in AE for at
least 20min per day, 3 days per week for the past 6 months).
Participants appearing to meet study criteria were scheduled for
a more comprehensive baseline assessment. Exclusion criteria
included: current DSM-IV Axis I criteria for alcohol or drug
abuse/dependence, bipolar disorder, eating disorder, psychotic
disorder, current suicidality or homicidality, physical disabilities
or medical problems prohibitive of engaging in AE (i.e., denied
medical clearance by primary care physician), current pregnancy
or intention to become pregnant during the following 3 months
(i.e., during treatment), and current use of pharmacotherapy for
smoking cessation (including nicotine replacement therapy).

Research staftf obtained informed consent and then par-
ticipants were evaluated using the diagnostic and screening
measures detailed below to confirm eligibility. Upon receiving
medical clearance to exercise, participants were assigned to one
of two conditions using urn randomization (Stout, 1988), with
body mass index (BMI), level of nicotine dependence, gender,
and age included as blocking variables: (a) a 12-session, group
AE intervention, or (b) HEC, equated for therapist and partici-
pant contact time. Participants in both conditions received an
8-session telephone counseling smoking cessation intervention
that included TNP. Assessments occurred at baseline, 3(EOT)-,
6-, and 12-month follow-ups, with 85%, 80%, and 74% com-
pletion rates, respectively. Participants were compensated $50
for each follow-up assessment.

Participants

A total of 707 smokers expressed interest in participating in
the study. Participants were excluded for the following reasons:
too physically active (22%), an Axis I psychiatric disorder
(15.4%), not able to attend group AE or HEC sessions (8.2%),
a medical condition (5.7%), smoking less than 10 cigarettes/
day (4.1%), and other reasons (3.1%; e.g., age, taking medi-
cations for cessation, no phone, already in another smoking
study, and non-English speaker). An additional 32.7% of par-
ticipants lost interest in the study after initial contact (n = 204)
or at some point during the baseline assessment procedures
(n = 29). Sixty-one participants (65.6% female; mean age of
47.3 years) were recruited and randomized to AE (n = 30) and
HEC (n = 31). See Figure 1 for consort figure and Table 1 for
baseline demographic characteristics.

AE Intervention

AE Component

Participants in the AE condition attended AE sessions, super-
vised by an exercise physiologist, once a week at the research
fitness facility. Additionally, participants were given exercise
prescriptions to engage in exercise a minimum of two to four
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Figure 1. Consort figure.

(depending on the week of the intervention) additional times
a week in the context of their own environment (e.g., in their
home or through community resources) with a goal of pro-
gressing to 100 min of moderate-intensity exercise per week
midway through the intervention and 150 min per week by the
last several weeks of the 12-week intervention. Participants
were instructed to self-monitor their exercise by completing a
weekly exercise log that included the type, duration, and RPE
for each activity. Exercise sessions began at 20 min per session
with weekly gradual increases, with heart rate monitoring by
the exercise physiologist to ensure training in the moderate-
intensity range of 55%—69% of age-predicted maximal heart
rate. Several types of exercise equipment were available to par-
ticipants, including treadmills, recumbent bicycles, and ellipti-
cal machines.

Cognitive—Behavioral Counseling for Exercise Promotion
Component

Given the demonstrated efficacy of behavioral modification
strategies in increasing physical activity (see meta-analysis
by Dishman & Buckworth, 1996), behavioral techniques were
incorporated into the exercise intervention condition through
20-min weekly group sessions held on the same day and just
prior to exercise sessions. Through these weekly groups,
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participants were guided on how to increase overall physical
activity through behavioral changes in their daily lives. Each
group session was focused on a certain topic designed to
increase motivation to improve exercise adoption and mainte-
nance (e.g., psychological and physical health benefits of exer-
cise, barriers, time management, maintaining motivation, goal
setting, social support).

Financial Incentive Component

In order to maximize adherence, participants were entitled to
incentives for various levels of compliance to the exercise pro-
gram. Participants received $5 for attending each combined
exercise/cognitive—behavioral group session and $5 for return-
ing their completed exercise self-monitoring form from the
prior week (irrespective of actual exercise completed). In addi-
tion, they drew prizes from a fish bowl (value ranging from $10
to $50) for attending the weekly exercise counseling + exercise
sessions on consecutive weeks.

HEC Intervention

Participants in the HEC condition were asked to attend weekly
hour-long health education sessions on topics such as oral
health, heart disease, cancer, sleep hygiene, and secondhand



Table 1. Baseline Demographic, Smoking, and
Exercise/Fitness Characteristics

AE HEC
(n=30) (n=31)
Demographic
Gender (% female) 63.3% 67.7%
Age (mean years [SD]) 47.1 (8.5) 47.5 (10.7)
Non-Hispanic White 93.3% 83.9%
Married or cohabitating 51.7% 37.9%
College graduate 34.6% 31.0%
Household income less than 21.4% 44.4%
$30,000/year
Employed 72.4% 58.6%
Smoking
Smoking age of onset 15.1 (3.5) 15.9 (5.6)
Years of regular smoking 27.4 (9.1) 27.5(11.1)
Number of lifetime quit attempts 3.2(2.8) 4.4 3.1)
Cigarettes/day 20.3 (9.9) 19.4 (8.1)
Nicotine dependence (FTND) 5.9 (2.1) 5.6 (1.6)
Exercise/fitness
Body mass index 28.5(4.2) 28.9 (7.0)
Peak VO, (ml/kg/min) 27.8 (5.8) 26.2 (9.6)
Percent body fat 33.0(6.9) 32.1(8.5)

Note. AE = aerobic exercise; FTND = Fagerstrom Test for
Nicotine Dependence; HEC = health education control.

smoke, as they related to the effects of smoking. Health infor-
mation was conveyed through lectures, handouts, in-group
exercises, and Internet resources. Participants were not encour-
aged to make any changes in their behavior nor was physical
activity discussed. Nevertheless, it was possible participants in
the HEC condition would decide to begin exercising on their
own. Participants in the HEC condition were also provided
with the same incentives on the same “delivery schedule” as
those in the AE condition, including the fish bowl drawings
(see above), except they were paid the full $10 for attending
each session as they had no self-monitoring forms to return.

Telephone Counseling Smoking Cessation Treatment

Participants in both the AE and HEC intervention received
identical smoking cessation treatment consistent with the most
recent Clinical Practice Guideline for Treating Tobacco Use and
Dependence (Fiore et al., 2008). Treatment was delivered in 8,
20-min weekly telephone counseling sessions beginning in week
1 of the intervention. Four sessions were conducted prior to quit
day (weeks 1-4) and focused on identifying high-risk situations
and developing behavioral and cognitive strategies for coping with
high-risk situations. The remaining four sessions were conducted
on and after quit day (weeks 5-8) and focused on discussing quit-
ting experiences, providing support, and developing relapse pre-
vention strategies. All participants were given a standard 8-week
course of Nicoderm CQ, 24-hr TNPs (21-mg strength for weeks
5-8, 14-mg strength for weeks 9-10, and 7-mg strength for weeks
11-12) and were educated about the use of the patch prior to quit
date. Smokers who lapsed during treatment were encouraged to
set a new quit date and continue to attempt to quit. Further, given
that wearing the nicotine patch during exercise may increase the
absorption of nicotine into the bloodstream, participants were
instructed to remove the patch 1hr prior to engaging in exercise
both during supervised and home-based sessions.

Nicotine & Tobacco Research

Measures

Phone Screen for Enrollment: In addition to screening about
smoking and exercise behavior to determine preliminary eligi-
bility, demographic information such as date of birth, gender,
ethnicity/race, marital status, and education were collected.

The Structured Clinical Interview for DSM-IV Axis
I Disorders—Patient Version (First, Spitzer, Gibbon, &
Williams, 1995): Relevant sections (mood, anxiety, psychotic
screen, substance use disorders) were administered to confirm
diagnostic eligibility.

Smoking History Interview: This measure was designed
by the researchers and gathered smoking-related information
including but not limited to: age of smoking initiation, number
of years smoking, and previous quit attempts.

Timeline Followback—Smoking (Brown et al., 1998): Self-
reports of smoking status were gathered at baseline and at 3-, 6-,
and 12-month follow-up assessments using the timeline follow-
back (TLFB) method adapted for smoking behavior. We have
validated this procedure in a previous study (Brown et al., 1998).

Smoking Status: Self-reports of smoking status (7-day point
prevalence abstinence) were collected from participants on
weeks 5 through 12 during treatment, and at the 3-, 6-, and
12-month follow-ups. Self-reports of abstinence were verified
by expired carbon monoxide (CO; utilizing an 10 ppm cutoff;
SRNT Subcommittee on Biochemical Verification, 2002).
In cases where CO was not available, significant other (SO)
reports were used—a common, valid approach toward corrob-
orating self-report in the absence of biochemical verification
(Emont, Collins, & Zywiak, 1991; Ossip-Klein et al., 1991).

The Fagerstrom Test for Nicotine Dependence (Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991) was used as a con-
tinuous measure of nicotine dependence.

The Center for Epidemiological Studies Depression Scale
(CES-D, Radloff, 1977) was used for assessing depressive
symptoms. This 20-item instrument has demonstrated good
reliability and validity (Radloff, 1977).

The Positive and Negative Affect Scale (PANAS, Watson,
Clark, & Tellegen, 1988), a 20-item self-report scale that has
demonstrated good reliability and validity, was used to assess
changes in mood.

Body mass index (BMI): Consistent with American College
of Sports Medicine guidelines, BMI was calculated by dividing
body weight in kilograms by height in meters squared. Height
and weight was obtained by utilizing a Detecto medical scale.

Nicotine Withdrawal Symptoms: Withdrawal severity
(categorized into craving, negative affect, somatic, and sleep
symptoms) at baseline, weekly throughout treatment, and at
12-week follow-up (the point of patch discontinuation) was
monitored using the Minnesota Withdrawal Scale, a reliable
and sensitive scale (Hughes & Hatsukami, 1986).

Levels of Physical Activity: During each of the smoking TLFB
interviews participants, reported an estimate of their daily physi-
cal activity including duration and intensity (by reporting RPE;
(Borg, 1970). Levels of moderate-to-vigorous physical activity
(MVPA) were calculated by summing all activity that was done at
RPE levels of 11 or higher (Borg, 1970). The TLFB approach has
shown good reliability and validity when utilized as an assessment
of exercise behavior (Panza, Weinstock, Ash, & Pescatello, 2012).

Cardiorespiratory Fitness: The Rockport 1-Mile Walk Test
is a measure of cardiorespiratory fitness for adults and has
been validated for use on a treadmill (Pober, Freedson, Kline,

1097



Exercise for smoking cessation

Mclnnis, & Rippe, 2002). Duration of the walk test and heart
rate upon completion were utilized to calculate an estimate of
VO,e.-a measure of peak aerobic capacity and indication of
cardiorespiratory fitness.

Data Analysis

Given the developmental nature of this project as well as the
difficulty in utilizing effect sizes obtained from small pilot
studies to power for larger trials (Kraemer & Kupfer, 2006;
Loscalzo, 2009), the goal of this study was to examine the ini-
tial effects of the AE intervention with an understanding that
our confidence intervals could potentially be large. However,
important information for evaluating a new intervention and
informing the design of future large-scale trials could nonethe-
less be obtained from the current study. Therefore, while a pri-
ori power analysis was not conducted, the obtained sample size
of 61 (n = 30 for AE and n = 31 for HEC) provides relatively
stable group means for the dependent measures of interest.

The main outcome analyses were based upon 7-day point
prevalence abstinence (i.e., reported abstinence of at least 7 days
prior to each scheduled follow-up) and used an intent to treat sam-
ple for primary outcomes. Self-report was always overridden by
objective verification in the conservative direction; that is, smok-
ing (Shumaker, 1986). Missing self-reports also were counted as
smoking. Tests of the effects of treatment on the primary outcome
variable (biochemically verified 7-day point prevalence absti-
nence) at the EOT (i.e., 3-month follow-up), 6- and 12-month
follow-ups were conducted using generalized estimating equa-
tions (Liang & Zeger, 1986; Zeger & Liang, 1986). To compare
levels of positive affect, negative affect, depressive symptoms,
craving, withdrawal symptoms, levels of MVPA, and cardiores-
piratory fitness assessed weekly from quit day (week 5) through
the end of the 12-week treatment, we used linear mixed models
that adjusted for gender, level of nicotine dependence, and corre-
sponding baseline measures. Similar models evaluating changes
in positive affect, negative affect, depressive symptoms, and with-
drawal symptoms during the intervention were also conducted to
examine the time-varying effects of MVPA irrespective of treat-
ment condition. All analyses assumed alpha = 0.05.

RESULTS

Program Compliance

Thirty-one participants were randomized to HEC; three did not
start the intervention for a total of n =28 who attended at least one
HEC session. Thirty participants were randomized to AE; one
did not initiate the intervention for a total of n = 29 who attended

at least one AE session. Among those initiating either interven-
tion (n = 57), there was no difference between AE and HEC
on the extent of program compliance, with participants in each
group attending a similar number of group sessions (9.3+2.8
vs. 9.3+3.0 out of 12 sessions, for AE and HEC, respectively)
Males and females did not significantly differ on the number of
sessions attended. Abstinence at the end of the intervention was
significantly associated with greater number of group sessions
attended during the intervention in both conditions (10.8 vs. 7.8
sessions in AE; t=3.18, df =22, p< .01 and 11.6 vs. 7.5 sessions
in HEC; r = 4.84, df = 25, p < .001). In addition to the weekly,
supervised exercise session, participants engaged in various
types of physical activity at home, during the remainder of the
week. Activities included: walking (79.3%), treadmill (51.7%),
bicycling (41.4%), sports (31.0%), housework (31.0%), ellipti-
cal trainer (31.0%), resistance training (20.7%), calisthenics
(20.7%), aerobics (17.2%), yoga (17.2%), and running (3.2%).

Program compliance was also high for the telephone-deliv-
ered smoking cessation sessions and use of the nicotine patch.
Out of a total of eight phone calls, participants completed an
average of 6.95 sessions (6.9+1.5 vs. 7.0+ 1.8, for AE and
HEC, respectively) and men and women did not differ on
number of completed phone calls. As expected, compliance
with use of the nicotine patch was higher in the earlier weeks
of cessation and decreased over the course of the 8§ weeks
of use as participants resumed smoking—percentage of sam-
ple compliant with the nicotine patch: week 5 (quit week;
82.3%), week 6 (85.7%), week 7 (77.2%), week 8 (76.3%),
week 9 (65.8%), week 10 (65.1%), week 11 (59.6%), and
week 12 (25.9%).

As stated in the Methods section above, participants were
instructed to remove the nicotine patch 1 hr prior to engaging
in any AE. Overall, this instruction was well received and there
were no reports of any adverse events for utilizing the nicotine
patch in the context of an exercise program.

Cessation Outcomes

See Table 2 for abstinence rates and odds ratios at each time-
point. Verified 7-day point prevalence abstinence at the end of
the 12-week treatment, at 6-month follow-up, and at 12 month
follow-up, respectively, was 40.0%, 26.7%, and 26.7% in AE
compared to 22.6%, 12.9%, and 12.9% in HEC. Continuous
abstinence at the end of the 12-week treatment, at 6-month fol-
low-up, and at 12-month follow-up, respectively, was 30.0%,
23.3%, and 13.3% in AE compared to 25.8%, 9.7%, and 3.2%
in HEC. Abstinence was primarily CO-verified with SO verifi-
cation occurring for only one participant at the 6-month follow-
up and one participant at the 12-month follow-up.

Table 2. Verified 7-Day Point Prevalence and Continuous Abstinence Rates

7-day point prevalence

Continuous abstinence

Assessment timepoint

AE (n=30) HEC (n=31)

End of treatment (8 weeks postquit date) 40.0% 22.6%

6-month follow-up (21 weeks postquit 26.7% 12.9%
date)

12-month follow-up (47 weeks postquit 26.7% 12.9%
date)

OR OR
(95%CI)  AE (n=30) HEC (n=31) (95% CI)
2.28(0.75,6.96)  30.0% 25.8%  1.23(0.4,3.78)
2.46(0.65,9.26)  23.3% 9.7%  2.83(0.66, 12.18)
246 (0.65,926)  13.3% 32%  4.64(0.48, 44.5)

Note. AE = aerobic exercise; HEC = health education control; OR = odds ratio; CI = confidence interval.
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The generalized estimating equation model evaluating EOT,
6- and 12-month verified abstinence included gender and level
of dependence as planned covariates along with the linear effect
of time. While participants in AE were on average 2.02 (95%
CI = 0.71-6.04) times as likely to be abstinent relative to HEC
throughout the entire year, this overall effect was not statisti-
cally significant (b = 0.72, SE = 0.55, p = .18). The effect of AE
was reduced when examining continuous abstinence (b = —0.59,
SE =0.60, p =.33). We examined the potential moderating effect
of gender and the interaction term with treatment was not sta-
tistically significant for point prevalence (b = 0.74, SE = 1.23,
p =.55) or continuous abstinence (b =—1.24, SE =1.48, p = .40).

Changes in Moods and Depressive Symptoms After
Quitting

See Table 3 for means and SD of depressive symptoms, affect,
and withdrawal symptoms for each condition across weeks 512
of the intervention. CES-D values were square root transformed
due to positive skewness and beneficial normalizing effect on
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residuals. Prior to quit day, there were no significant differences
in levels of positive affect (b = —0.60, SE = 2.40, p = .80), nega-
tive affect (b = —0.09, SE = 1.08, p = .93), or depressive symp-
toms (b = —1.93, SE = 1.97, p = .33). There was a significant
decrease in negative affect (b = —0.23, SE = 0.09, p = .01) and
depressive symptoms (b = —0.06, SE = 0.03, p = .02) following
quit day. There was no detectable change in average levels of
positive affect following quit day and considerable variability
was observed (b = 0.03, SE = 0.14, p = .80). There were no sig-
nificant overall differences in level of positive affect (b = -0.65,
SE = 1.65, p = .69), negative affect (b = —-0.45, SE = 1.58,
p =.78), or depressive symptoms (b =-0.13, SE=0.35,p =.72)
or changes in these indices between AE and HEC participants.

Changes in Craving and Nicotine Withdrawal
Symptoms After Quitting

There was a significant decrease in craving (b = -0.16,
SE = 0.03, p = .00), affective (b = —0.04, SE = 0.01, p = .00),
somatic (b = —0.03, SE = 0.01, p = .00), and sleep disturbance

Table 3. Mean (SD) of Depressive Symptomatology, Affect, and Withdrawal Symptoms Between Treatment

Conditions
AE (n =30) HEC (n=31) Effect size (Cohen’s d)

CES-D scores

Baseline 6.3 (6.3) 8.2(7.2)

Week 5 (quit date) 7.3(7.2) 8.0(6.2) 0.09

Week 7 (2 weeks postquit date) 6.7 (9.7) 10.9 (8.9) 0.45

Week 12 (last week of treatment) 1.5(9.1) 9.4 (7.4) 0.95
PANAS positive affect

Baseline 3.6 (0.9) 3.5(0.8)

Week 5 (quit date) 3.6 (0.9) 3.7(0.7) 0.11

Week 7 (2 weeks postquit date) 3.9(0.9) 3.3(1.0) 0.39

Week 12 (last week of treatment) 4.1 (0.8) 3.7(0.8) 0.53
PANAS negative affect

Baseline 1.2 (0.3) 1.3 (0.5)

Week 5 (quit date) 1.4 (0.7) 1.4 (0.3) 0.00

Week 7 (2 weeks postquit date) 1.4 (0.8) 1.4 (0.5) 0.09

Week 12 (last week of treatment) 1.1 (0.2) 1.2 (0.3) 0.59
Withdrawal symptoms—negative affect

Week 5 (quit date) 5.1(2.5) 4.5(1.5) 0.29

Week 7 (2 weeks postquit date) 4.2 (2.0) 5.6 (2.0) 0.70

Week 12 (last week of treatment) 3.1(0.3) 4.6 (2.0) 1.05
Withdrawal symptoms—craving

Week 5 (quit date) 4.9 (1.7) 4.8 (1.3) 0.07

Week 7 (2 weeks postquit date) 4.0 (1.6) 4.4 (1.4) 0.27

Week 12 (last week of treatment) 3.5(1.2) 3.9(1.7) 0.27
Withdrawal symptoms—sleep

Week 5 (quit date) 4.9 (1.5) 5.5(1.6) 0.35

Week 7 (2 weeks postquit date) 5.8 (2.0) 6.9 (2.5) 0.46

Week 12 (last week of treatment) 4.7(1.2) 5.7 (1.7) 0.68
Withdrawal symptoms—somatic

Week 5 (quit date) 4.8 (1.6) 4.8 (1.3) 0.00

Week 7 (2 weeks postquit date) 4.3 (1.8) 5.4 (1.7) 0.63

Week 12 (last week of treatment) 3.7(0.8) 4.4 (1.3) 0.65
Minutes of MVPA per week

Baseline 77.3 (112.5) 60.3 (99.5)

Week 5 (quit date) 138.3 (77.5) 62.7 (104.8) 0.82

Week 7 (2 weeks postquit date) 146.2 (96.5) 78.2 (115.0) 0.64

Week 12 (last week of treatment) 134.0 (99.4) 70.1 (105.2) 0.62

Note. AE = aerobic exercise; CES-D = Center for Epidemiological Studies Depression Scale; HEC = health education control;
MVPA = moderate-to-vigorous physical activity; PANAS = Positive and Negative Affect Scale.
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withdrawal symptoms (b = —0.12, SE = 0.05, p = .02) during
the 8 weeks following quit day (weeks 5-12). Participants in
AE relative to HEC had similar levels of craving (b = -0.15,
SE = 0.30, p = .62), and affective withdrawal (b = —0.10,
SE =0.09, p = .27), but significantly lower somatic (b = —0.14,
SE = 0.07, p = .049) and sleep disturbance withdrawal symp-
toms (b =-1.01, SE = 0.49, p = .04) during treatment.

Changes in Levels of Physical Activity and Fitness

When data were missing, baseline minutes of MVPA and
VOypea Were used. With adjustment for baseline levels of
MVPA, participants in AE had significantly higher levels
of physical activity than HEC both in the 4 weeks prior to
(b=1.18, SE =0.40, p < .01) and 8 weeks following quit day
(b=1.37,SE=0.43, p < .01), a difference that did not decrease
significantly throughout treatment (treatment x time: b = —0.04,
SE = 0.04, p = .31). During treatment, 60% of those in the AE
condition (compared to 25.8% in HEC) achieved an average
of 2100min of MVPA throughout the course of the 12-week
intervention—the target level of exercise midway through the
AE intervention. There was a trend toward higher fitness levels
(estimated VO, at the EOT for participants in AE, relative
to those in HEC (b = 1.22, SE = 0.76, p = .12; VOyy for
AE =30.0ml/kg/min and VO, for HEC = 27.3 ml/kg/min).

Levels of MVPA on Affect, Depressive and Withdrawal
Symptoms, and Cessation Outcomes

We evaluated whether time-varying effects of MVPA, irrespec-
tive of treatment condition, may have changed over the course
of the intervention. Although patterns of higher positive affect
and lower negative affect were observed among exercisers
(those achieving an average of >100min of MVPA throughout
the course of the 12-week intervention), there were no statisti-
cally significant relationships between levels of exercise and lev-
els of positive (b = 0.28, SE = 0.24, p = .24) or negative affect
(b =-0.14, SE = 0.19, p = .46), craving (b = —0.10, SE = 0.06,
p =.08), or affective withdrawal (b = -0.09, SE = 0.07, p = .24)
during treatment. The interaction term of MVPA by time was not
significant when evaluating relationship with positive (p = .99),
negative affect (p = .19), craving (p = .23), or affective with-
drawal (p = 0.26). Higher levels of MVPA during treatment were
associated with significantly lower levels of depressive symp-
toms (b = -0.12, SE = 0.06, p < .04). For example, exercisers
reported a range of 3.1-7.2 depressive symptoms in the weeks
following quit date compared to an average of 8.0-12.0 among
those exercising <100 min per week. We did not observe a sig-
nificant interaction of MVPA by time when evaluating levels of
depressive symptoms during treatment.

We evaluated whether time-varying effects of MVPA, irre-
spective of treatment condition, may have been related to ces-
sation outcomes. Those with increasing levels of MVPA did
not have significantly higher odds of abstinence (b = 0.001,
SE =0.002, p =.361).

DISCUSSION

In the current study, we developed and conducted a prelimi-
nary RCT of an AE intervention for adult smokers, which was
designed specifically to address methodological limitations of
previous studies in this area and to improve generalizability for
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future dissemination to community settings. Notable features
of our AE intervention were the inclusion of male smokers,
moderate-intensity exercise engaged in at home and in a super-
vised setting that began a month prior to quit date, compo-
nents to increase adherence (e.g., contingency-based financial
incentive and cognitive—behavioral group sessions for exercise
adoption), telephone-based smoking cessation counseling, and
the TNP.

The results of this study demonstrate the feasibility and
acceptability of the various intervention components. Very
good adherence was observed for both the AE and HEC inter-
vention sessions. Similarly, compliance with the telephone-
delivered cessation session and the use of the nicotine patch
was high. Also, with safety instructions to remove the nicotine
patch prior to engaging in exercise bouts, no adverse events
were reported with the use of the nicotine patch while engag-
ing in an AE program. However, approximately a third of
interested participants lost interest and declined further study
involvement prior to completion of study enrollment and base-
line assessments. Strategies for increasing engagement in the
early stages of study recruitment are necessary to reach a larger
number of individuals whose motivations for quitting may rap-
idly fluctuate.

Despite the preliminary nature of this project, the cessation
outcomes were quite promising, indicating that participants
assigned to AE were on average twice as likely to achieve
abstinence (7-day point prevalence) as those in HEC. However,
this difference was not statistically significant. It is possible
that the health information provided in the HEC condition was
sufficiently motivating to produce change. Anecdotally, partici-
pants often reported enjoying the HEC sessions and stated an
appreciation for the novelty and usefulness of the information
they were receiving. As such, the HEC condition was likely
an active intervention that may have contributed to both ces-
sation outcomes and increases in physical activity for some
participants.

As with other smoking cessation trials, relapse to smok-
ing in the year following treatment was high in this study. It
is possible that extending intervention components beyond the
initial 12-week intervention period may help to mitigate the
decline in abstinence posttreatment. For example, incorporat-
ing features during the intervention (e.g., an activity monitor in
AE to facilitate self-monitoring of MVPA or a health-related
Web site for HEC) that could easily translate to independent,
continued use upon completion of the 12-week intervention
may help decrease smoking relapse. In addition, increasing
the number of telephone-delivered cessation sessions from the
current eight phone calls to equal the 12 AE or HEC sessions
could have potentially afforded participants additional relapse-
prevention planning. Also, the addition of booster telephone
sessions has been found to improve long-term cessation rates in
other studies (e.g., Rabius, Pike, Hunter, Wiatrek, & McAlister,
2007) and should be considered as a strategy to decrease
relapse postintervention in future studies.

Previous studies have demonstrated consistent benefi-
cial effects of AE on craving, withdrawal symptoms, and
affect in smokers (Haasova et al., 2012; Roberts, Maddison,
Simpson, Bullen, & Prapavessis, 2012; Taylor, Ussher, &
Faulkner, 2007; Ussher et al., 2012). Therefore, these vari-
ables were examined as potential mediators of the relation-
ship between group assignment (AE and HEC) and smoking
cessation outcomes. Analyses indicated no group differences



in trajectories of craving, affective withdrawal symptoms,
negative affect, positive affect, or depressive symptoms from
the quit date through the EOT. However, effect sizes appear
promising such that with a larger sample, significance may
be achieved.

Compared to participants in the HEC condition, AE partici-
pants reported lower somatic and fewer sleep disturbance with-
drawal symptoms. Sleep has not been previously examined in
the context of an exercise intervention for smokers. However,
it is possible that sleep may potentially be a restorative factor
that could improve resilience under the stress of early cessa-
tion. There is considerable support for the benefits of exercise
as a nonpharmacological intervention to improve sleep (Driver
& Taylor, 2000). Future studies should consider examining the
role of AE in improving sleep among smokers undergoing a
quit attempt.

In the current study, about one quarter of HEC participants
also increased their physical activity; therefore, we conducted
additional analyses that examined the effects of exercise on
affect, depressive and withdrawal symptoms, and cessation
outcomes independent of group assignment. Findings revealed
that participants who exercised more frequently reported fewer
depressive symptoms during the intervention period. This effect
on depressive symptoms is consistent with systematic and meta-
analytic reviews that demonstrate a consistent positive impact of
exercise on clinical depressive symptomology (e.g., Mead et al.,
2009). Increasingly, attention has been paid to the important
roles negative affect and depression play in impeding efforts at
smoking cessation (e.g., Pratt & Brody, 2010). Therefore, exer-
cise may be particularly helpful for this at-risk subpopulation of
smokers in their efforts to quit smoking.

A potentially key aspect of the AE intervention that has not
been similarly implemented in prior exercise intervention for
smoking cessation studies was the inclusion of the cognitive—
behavioral component for promoting exercise engagement
(Ussher et al., 2012). The few studies that have included exer-
cise counseling have included brief 5-min psychoeducational
content, whereas this study incorporated structured cognitive—
behavioral strategies such as challenging negative thinking
about exercise, goal setting with associated rewards, identi-
fying and problem-solving barriers, and developing exercise-
focused coping strategies for managing mood and affect. These
cognitive-behavioral approaches may impact the experience of
depressive symptoms during cessation.

The smoking cessation counseling was provided via tele-
phone rather than in-person in an effort to increase dissemina-
bility. The counseling was similar to that typically provided by
tobacco quitlines, which have been available in every U.S. state
since 2004 and are also prevalent worldwide (Anderson & Zhu,
2007). Receipt of multiple sessions of proactive telephone
counseling for smokers who initiate contact with a quitline
has demonstrated efficacy (Fiore et al., 2008; Stead, Perera,
& Lancaster, 2007). Ultimately, quitlines may play a key role
in improving systems integration (Abrams, Graham, Levy,
Mabry, & Orleans, 2010). Future studies may explore the inte-
gration of exercise counseling, such as the cognitive—behavio-
ral session content utilized in this study, within the context of
telephone-delivered smoking cessation treatment.

As this was a preliminary trial, the sample size was small
and our power to detect statistically significant effects on
smoking cessation outcomes was limited. Our sample under-
went a rigorous medical and psychiatric screening, was mostly
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Caucasian, and had a higher education level than the general
population of smokers (Hughes & Callas, 2010). In future tri-
als, targeted multimedia campaigns may be necessary to boost
recruitment of minority and low-education populations. These
strategies may include: advertisements in newspapers serving
minority communities, announcements in church bulletins, and
placement of informational materials at community centers and
ambulatory care clinics in predominantly minority neighbor-
hoods with all materials tailored to low-literacy populations.
In addition, cigarette smoking is highly comorbid with medi-
cal, psychiatric, and substance disorders (Grant, Hasin, Chou,
Stinson, & Dawson, 2004; Lasser et al., 2000; USDHHS,
2004). Therefore, additional research is needed to determine
the efficacy of exercise interventions for more diverse popula-
tions as well as for the significant proportion of smokers with
psychiatric disorders, who are less physically active than the
general population (Daumit et al., 2005).

This study tested the preliminary efficacy of an AE interven-
tion for smoking cessation that attempted to address previously
identified methodological limitations. The promising results
suggest that a larger trial of this AE intervention is warranted.
Future research can also explore the potential for adapting the
AE intervention for use in other supervised exercise (e.g., local
health club/gym) and nonsupervised (e.g., primary care) ven-
ues to allow for future dissemination of this approach so as to
have high public health significance in decreasing the overall
prevalence of cigarette smoking, thereby reducing smoking-
related morbidity and mortality.
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