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Abstract

Previous RCTs have not supported moderate intensity exercise as an efficacious adjunct to

smoking cessation treatments for women; however, compliance with exercise programs in these

studies has been poor. The purpose of this pilot study was to estimate the effects of moderate

intensity exercise on smoking cessation outcomes under optimal conditions for exercise program

compliance. Sixty previously sedentary, healthy, female smokers were randomized to an eight-

week program consisting of brief baseline smoking cessation counseling and the nicotine patch

plus either 150 min/week of moderate intensity exercise or contact control. Participants attended a

median of 86.4% and 95.5% of prescribed exercise/control sessions, respectively. There was a

moderate, though statistically non-significant, effect of exercise at post-treatment for objectively
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verified 7-day point prevalence abstinence (48.3% vs 23.3%; OR=3.07, 95% CI: 0.89-11.07) and

prolonged abstinence (34.5% vs. 20.0%; OR=2.11, 95% CI: 0.56-8.32). Effects were attenuated

when controlling for potential confounders, and following a one-month, no-treatment period. The

findings provide a preliminary indication that—given adequate compliance—moderate intensity

exercise may enhance short-term smoking cessation outcomes for women; however, a larger trial

is warranted.
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Exercise has been examined as an adjunct to smoking cessation treatment (Ussher, Taylor,

& Faulkner, 2008), because of its ability to reduce cigarette cravings, withdrawal symptoms

(Taylor, Ussher, & Faulkner, 2007), and weight gain (Shaw, Gennat, O-Rourke, & Del Mar,

2006), which are common barriers among women attempting to quit smoking (Jeffery,

Hennrikus, Lando, Murray, & Liu, 2000; Shiffman & Waters, 2004). Previous research has

shown a significant positive effect of vigorous intensity exercise on smoking cessation

outcomes among women (Marcus et al., 1999). However, many female smokers making a

quit attempt may be unable and/or unwilling to adopt and maintain a vigorous intensity

exercise program. Conversely, moderate intensity exercise is the most preferred form of

exercise for women (Brownson, Eyler, King, Brown, Shyu, & Sallis, 2000; Cox, Burke,

Gorely, Beilin, & Puddey, 2003), is rarely medically contraindicated (ACSM, 2010), and

therefore has a greater chance of public health impact if it proves to be an effective adjunct

to smoking cessation treatment.

Three randomized controlled trials have shown no significant effect of moderate intensity

exercise on smoking cessation (Kinnunen et al., 2008; Marcus et al., 2005; Ussher et al.,

2003). However, in these studies exercise compliance was poor and subject to self-report, as

the exercise was mostly home-based. Thus, it remains unclear whether a moderate intensity

exercise program, given adequate compliance, aids smoking cessation.

The purpose of this pilot study was to estimate the effects of a moderate intensity exercise

program, versus wellness contact control, on smoking cessation among sedentary women.

The present study was not a test of a smoking cessation intervention per se. Instead, we

attempted to isolate the effects of moderate intensity exercise on smoking cessation by

maximizing compliance with the exercise program, thereby limiting the effects of variability

in treatment compliance.

Methods

Participants

Sedentary or low active (≤ 60 min/week of routine exercise) women (age 18-65) smokers (≥

5 cigarettes a day for ≥ 1 year) were recruited via newspaper, internet, posters, brochures,

and radio advertisements. Participants obtained physician’s consent and provided written
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informed consent. The study was conducted between January 2007 and June 2008. Study

procedures complied with the institutional Internal Review Board.

Measures

Smoking Status—At each smoking assessment, participants were asked: “Are you

currently smoking?” (yes/no) and (if not smoking) “Have you smoked even one puff in the

past 24 hours?” and “in the past 7 days?” Participants who reported no smoking in the past 7

days were asked to indicate the last day that they smoked “even a puff of a cigarette.”

Carbon monoxide (CO) concentration was assessed via the Micro 4 Smokerlyzer (Bedfont

Scientific).

Psychosocial Measures—The Fagerstrom Test for Nicotine Dependence (FTND;

Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991) and the Nicotine Dependence

Syndrome Scale (NDSS; Shiffman, Waters, & Hickcox, 2004), assessed nicotine

dependence at baseline. A number of potential treatment mechanisms were also assessed

(Ussher, Taylor, & Faulkner, 2008). Specifically, we used the Mood and Physical Symptoms

Scale (MPSS) to assess nicotine withdrawal symptoms (West & Hajek, 2004); the Weight

Concerns Scale (WCS) and Weight Efficacy after Quitting (WEAQ) scale to assess concerns

about weight gain and perceived capability to maintain weight after quitting smoking

(Borrelli & Mermelstein, 1998); the Smoking Self-efficacy (SSE) scale to assess perceived

capability to quit smoking (Etter, Bergman, Humair, & Perneger, 2000); and the Quick

Inventory of Depressive Symptomotology-Self Report (QIDS-SR) and State Anxiety

Inventory (STAI) to assess symptoms of depression and anxiety (Rush et al., 2003;

Spielberger, 1977).

Exercise Behavior—The 7-Day Physical Activity Recall, (Blair et al., 1985) was used to

measure unobserved exercise behavior.

Procedures

Recruitment, Eligibility, and Baseline Assessment—Eligible volunteers, attended

an orientation session where they provided informed consent. Following orientation, but

prior to randomization, all participants were required to attend six 30-minute health

education sessions over a two-week run-in period (3sessions/week); thus, excluding

participants unlikely to adhere to the study schedule (Morss et al., 2004). Participants were

asked not to quit smoking or begin exercising during the run-in period. Participants finishing

the run-in period completed baseline assessments, including smoking status, height, weight,

and psychosocial questionnaires.

Smoking Cessation Treatment—Following the baseline assessment, all participants

received a standard eight-week smoking cessation treatment, including: (a) one session of

brief (15-20 min) baseline counseling from a psychologist; and (b) provision of the nicotine

patch. The counseling was based on the CDC’s “You Can Quit Smoking” guide, which

includes a five-step program (i.e., get ready, get support, learn new skills and behaviors, get

medication and use it correctly, and be prepared for difficult situations). Following the

counseling, participants were given nicotine patches and instructed to apply the first patch
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the morning of quit day (beginning of week two), approximately one week after the

counseling.

Randomization—Following the counseling, participants were randomized into the

exercise or wellness control condition via sealed envelopes created by the study statistician

using block-randomization.

Exercise Condition—Beginning the same week as randomization, participants engaged

in 3 sessions/week of brisk walking for 50 minutes/session, equating to the recommended

150 minutes/week of moderate intensity exercise (Haskell et al., 2007; USDHHS, 2008).

Exercise was performed on treadmills at the research center. Intensity and duration was

monitored by researchers, increasing gradually to 50 min at 70% of age-predicted maximum

heart rate by the fifth session. Interactions between researchers and participants were limited

to assessment and scheduling. Multiple participants sometimes exercised simultaneously;

however, interaction among participants was discouraged. To increase compliance,

participants were able to watch television. Participants were able to attend up to 5 sessions/

week to make up for missed sessions, with no more than one session/day. Participants were

asked not to exercise outside of the supervised sessions.

Wellness Contact Control Condition—Participants in the wellness condition watched

30-minute films, 3 times/week, on a variety of health and lifestyle issues presented in

previous trials, such as general health, emotional well-being, and sleep, as well as

information on medical conditions (e.g. arthritis, diabetes; Marcus et al., 1999, 2005). Films

included minimal information on smoking or exercise. Scheduling, assessments, and

frequency of sessions were identical to the exercise condition and interactions with staff and

other participants were minimized. Participants were asked not to increase their exercise.

Assessment Procedures—Smoking status was assessed 3 times/week during the eight-

week treatment, at post-treatment (7 weeks after quit day) and following a one-month no-

treatment period (11 weeks after quit day). Participants achieved 7-day point prevalence

abstinence (PPA) at post-treatment or follow-up if they: (a) reported no smoking in the past

7 days; (b) obtained a CO rating < 10 ppm; and (c) had no self-reports of smoking or CO

ratings > 9 ppm at any of the assessments in the prior 7 days (West, Hajek, Stead, &

Stapleton, 2005). Participants achieved prolonged abstinence at post-treatment or follow-up

if they: (a) reported no smoking since the beginning of week 4 (this allows a two-week grace

period following their scheduled quit day); (b) obtained a CO rating < 10 ppm; and (c) had

no self-reports of smoking or CO ratings > 9 ppm at any of the assessments taken between

the beginning of week 4 and post-treatment or follow-up (West et al., 2005). Participants

reporting abstinence over the phone, but not providing a CO sample (see Figure 1) were

counted as smokers (West et al., 2005). Weight and nicotine withdrawal symptoms were

assessed weekly and additional measures were assessed biweekly throughout the eight-week

treatment. The 7-Day Physical Activity Recall was used to measure self-reported exercise

behavior in the final week of the one-month no-treatment follow-up period.

Participant Incentives—Those attending the study goal of at least 22 of the 24 exercise/

wellness sessions received $200 at post-treatment. The $200 was reduced by $50 for every
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additional missed session, but was not reduced below $50 (see Morss et al. 2004). An

additional $25 was provided for attendance at the follow-up assessment.

Results

Between-group Comparison of Baseline Characteristics

Preliminary analyses showed significant differences between study conditions only on

employment (χ2 = 5.89, df = 1, p = 0.02) and NDSS score (t = 2.20, df = 55, p = 0.03) (Table

1).

Program Compliance

Sixty participants, 30 participants per condition, were randomized (Figure 1). The

proportion of participants reporting use of the nicotine patch during weeks two (quit week)

through eight of the eight-week program ranged from 56-100% in the Exercise condition

and 46-96% in the Wellness condition, with no significant differences between groups at

any week. Likewise, there was no significant difference in attendance, with participants

attending a median of 19 (86.4%) exercise sessions and 21 (95.5%) wellness sessions. For

purposes of allocating participant incentives, participants were credited with an additional

session for days on which the center was closed due to holiday or extreme inclement

weather. With these sessions included in tabulations of program attendance, participants

attended a median of 22 exercise sessions and 22 wellness sessions, which was the program

goal. Among all exercise sessions completed after week 2 (following acclimation to the

exercise protocol) 81.7% had a mean intensity within the moderate range (i.e., 64-76% age-

predicted maximum heart rate), with the remainder of light intensity (50-63% age-predicted

maximum heart rate; ACSM, 2010). The mean intensity for all exercise sessions was 68.0%

age-predicted maximum heart rate. Participants reported almost no exercise at the follow-up

period after one month of no treatment (exercise = 8.2 min/week, wellness contact control =

18.8 min/week; t (42.6) = 1.38; p > .10).

Smoking Cessation Outcomes

Logistic regression was used to examine the effect of treatment assignment on smoking

status at post-treatment and follow-up. Using an intent-to-treat approach, all randomized

participants not attending post-treatment or follow-up assessments were assumed to be

smoking, with the exception of one unrelated fatality excluded from the analyses (West et

al., 2005). Results revealed a non-significant trend for higher rates of 7-day point prevalence

abstinence (PPA, 48.3% vs. 23.3%; OR = 3.07, 95% CI: 0.89, 11.07) and prolonged

abstinence (34.5% vs. 20.0%; OR = 2.11, 95% CI: 0.56, 8.32) at post-treatment (7 weeks

after quit day) among participants in the exercise condition versus the wellness condition. At

follow-up (11 weeks after quit day), results again showed a non-significant trend, which was

weaker than at post-treatment, for the effects of exercise on 7-day PPA (20.7% vs 13.3%;

OR = 1.70, 95% CI: 0.43, 6.77) and prolonged abstinence (17.2% vs. 13.3%; OR = 1.35,

95% CI: 0.33, 5.64). The effects of exercise at post-treatment and follow-up were attenuated

when controlling for potential confounders, including employment status and NDSS score

(Table 2).
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Relationships between Treatment Compliance and Smoking Cessation Outcomes

Spearman correlations indicated a moderate relationship between higher attendance at

exercise sessions and both 7-day PPA (r = .40, p = .03) and prolonged abstinence (r = .50, p

< .01) at post-treatment and prolonged abstinence at follow-up (r = .47, p = .01). The

relationship between attendance at exercise and 7-day PPAat follow-up was nearly

significant (r = .33, p = .08). There were no relationships between number of wellness

sessions attended and smoking cessation outcomes at post-treatment or follow-up (r = - .08

to .08).

Exploratory Moderator Analyses

Exploratory analyses of potential moderators of treatment effects revealed a significant

baseline self-efficacy-by-treatment interaction effect on 7-day point prevalence abstinence at

post-treatment (p = .04) and follow-up (p = .05) when controlling for the main effects of

treatment and baseline self-efficacy. Specifically, participants with higher smoking cessation

self-efficacy at baseline (75th percentile) were more likely to be quit as a result of the

exercise program, relative to the wellness program, at post-treatment (OR = 8.52, 95% CI:

1.75, 41.45) and follow-up (OR = 3.22, 95% CI: 0.55, 18.86) than participants who were

low on baseline self-efficacy (25th percentile; post-treatment: OR = 1.55, 95% CI: 0.42,

5.81; follow-up: OR = 0.43, 95% CI: 0.05, 3.48). A similar interaction effect was found for

prolonged abstinence at follow-up (p = .03), suggesting that participants with higher

smoking cessation self-efficacy at baseline were more likely to be quit as a result of the

exercise condition, relative to the wellness condition (OR = 2.20, 95% CI: 0.33, 14.95), than

participants who were low on baseline self-efficacy (OR= 0.13, 95% CI: 0.01, 2.43). No

other baseline demographic or psychosocial variables were significant moderators of

treatment effects.

Effects of Treatment on Potential Treatment Mechanisms

Generalized Estimating Equations (Liang & Zeger, 1986) were used to examine the effects

of treatment assignment on potential treatment mechanisms over time, while controlling for

the baseline value of the potential treatment mechanism, quit status at the time that the

potential treatment mechanism was assessed, and potential confounders, as determined by

our preliminary analyses (alpha = .05). There were no main effects of treatment or time-by-

treatment interaction effects on weight, nicotine withdrawal symptoms, concerns about

weight gain, self-efficacy for maintaining weight after quitting smoking, smoking cessation

self-efficacy or negative affect assessed during treatment, at post-treatment, or follow-up.

Participants in the exercise and control conditions showed mean pre- to post-treatment

increases in weight of 2.06 (SD = 5.17) and 0.51 (SD = 5.04), respectively, when using a

last-value-carried-forward approach to missing post-treatment data.

Discussion

The present study overcame a limitation of previous studies examining the effect of

moderate intensity exercise on smoking cessation (Kinnunen et al., 2008; Marcus et al.,

2005; Ussher et al., 2003) by maximizing compliance with the exercise program.

Participants completed approximately 119 min/week of objectively verified moderate
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intensity exercise—79% of the recommended dose (Haskell et al., 2007; USDHHS, 2008).

At the end of the eight-week program the odds of 7-day PPA and prolonged abstinence were

105% and 61% greater respectively for the exercise group versus the wellness group, when

controlling for nicotine dependence and employment status. Thus, the findings provide a

preliminary indication that adherence to moderate intensity exercise may enhance the

efficacy of the nicotine patch and brief cessation counseling for short-term smoking

cessation.

In addition, there were four key findings from secondary analyses. First, there was a dose-

response relationship between number of sessions attended and quit rates in the exercise

condition, but not in the wellness condition. These findings are supportive of effects of

exercise per se, rather than a “compliance effect” whereby participants who are compliant

with any treatment regiment are more likely to succeed. Second, treatment effects were

stronger among participants with higher baseline smoking cessation self-efficacy, suggesting

that exercise may be more profitably targeted at those who have high smoking cessation

self-efficacy, or at those whose self-efficacy can be enhanced prior to beginning the

program. Third, the lack of change in weight for both exercise and wellness conditions may

have been related to the inclusion of NRT, as postcessation weight gain is likely to be less

pronounced when NRT is used (Jorenby et al 1996). Fourth, the exercise intervention had no

significant effects on potential psychosocial mechanisms of the exercise treatment. Although

previously validated instruments were used to assess each potential treatment mechanism,

assessments were completed relatively infrequently, and were performed at the laboratory

site. Research using ecological momentary assessment (EMA) has shown that potential

psychosocial mechanisms of smoking cessation, such as withdrawal symptoms, craving, and

smoking cessation self-efficacy, may change frequently within a 24-hour period and be

highly dependent on environmental context (Shiffman, 2005). Thus, future research may

benefit from EMA, which allows for multiple assessments in a day completed in real time,

in participants’ natural environments (Shiffman, Stone, & Hufford, 2008).

Taken together, the findings from the present pilot study warrant a larger, adequately

powered trial to fully test the efficacy of moderate intensity exercise as a smoking cessation

treatment adjunct. A follow-up trial might test the effects of a longer exercise program on

smoking cessation outcomes, given that (a) participants in the exercise condition did not

maintain their exercise during the one-month, no treatment follow-up period, and (b)

treatment effects dissipated at follow-up. Additionally, participants in the present study were

mostly non-Hispanic white and, by design, all were female. Thus future studies should

attempt to replicate the findings among a more diverse sample. Finally, strategies used to

increase compliance (run-in period, monetary incentives, multiple follow-ups for missed

appointments), while designed to increase internal validity, reduced generalizability. Thus, if

the present findings can be replicated in a larger trial, then intervention research will be

necessary to test disseminable moderate intensity exercise programs to establish

effectiveness in real-world conditions. For example, Marcus and colleagues (2007) have

shown that individually tailored print and Internet-based exercise interventions can increase

and sustain moderate intensity physical activity in healthy adults. To translate this program

to a real-world setting we would suggest both increasing the study treatment period and
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combining it with other established home-based interventions to assist the participants in

maintaining their activity levels post-treatment.
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Figure 1.
Participant Flow Chart.
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Table 1

Baseline Participant Characteristics by Treatment Condition (N = 60a)

Exercise (n = 30) Wellness (n = 30)

No. (%) or M (SD) No. (%) or M (SD)

Age, years 41.47 (12.25) 43.27 (10.93)

Non-Hispanic-white 25 (83.3%) 26 (86.7%)

College graduate 12 (40.0%) 11 (36.7%)

Household income < $40,000 15 (50.0%) 15 (50.0%)

Currently employed 28 (93.3%)* 22 (73.3%)*

Married 6 (20.0%) 5 (16.7%)

Body mass index (n = 54) 25.93 (4.25) 28.86 (8.14)

Age started smoking 17.37 (5.35) 18.13 (8.03)

Number of serious quit attempts 3.40 (5.60) 3.50 (3.84)

Cigarettes/Day

 ≤ 10 8 6

 11-20 14 17

 21-30 7 4

 ≥ 31 1 3

Fagerstrom Test for Nicotine Dependence 4.50 (2.26) 5.14 (2.23)

Nicotine Dependence Syndrome Scaleb -0.69 (0.79)* -0.19 (0.96)*

Mood and Physical Symptoms Scale 1.81 (0.71) 1.88 (0.72)

Weight Concerns Scale 5.17 (1.80) 5.66 (2.20)

Weight Efficacy after Quitting 6.26 (1.51) 6.17 (1.57)

Smoking Self-efficacy 2.98 (0.90) 2.93 (0.85)

QIDS-SR (n = 58) 4.72 (3.22) 4.59 (3.78)

State Anxiety Inventory (n = 46) 1.99 (0.41) 1.82 (0.48)

Note. QIDS-SR, Quick Inventory of Depressive Symptomotology-Self Report.

a
N = 60 unless otherwise indicated.

b
Higher values correspond to higher levels of nicotine dependence.

*
p < .05.
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