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Abstract
This was the first randomized, controlled smoking cessation trial assessing the efficacy of an
exercise intervention as an adjunct to nicotine gum therapy in comparison to both equal contact
control and standard care control conditions. Sedentary female smokers aged 18-55 were provided
with nicotine gum treatment along with brief behavioral counseling and were randomized into one
of these three behavioral adjunct conditions. In the “intent-to-treat” sample (N=182), at end of
treatment and at one-year follow up, there were clear, but non-significant, trends in univariate
analyses in which the exercise and equal contact control conditions both had higher rates of
abstinence than the standard care control. However, when adjusting for other predictors of relapse
in a multiple logistic regression, both exercise and equal contact control showed an advantage over
standard care control in avoiding early relapse (i.e., after 1 week). In a multivariate survival model
adjusting for other predictors, the equal contact condition had a significantly lower likelihood of
relapse compared to the standard care condition and there was a near significant trend in which
exercise offered an advantage over standard care as well. While these findings suggest a slightly
improved likelihood of abstinence with exercise compared with standard care, exercise did not
differ from equal contact control in its efficacy. Potential explanations for these equivalent levels
of efficacy and implications for the findings are discussed.
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Introduction
Annually, tobacco-related illnesses prematurely claim the lives of nearly a million women
worldwide, and smoking-related illnesses are becoming more prevalent among women
(USDHHS, 2001). The majority of these deaths are due to cardiovascular diseases and
increasingly to lung cancer. When analyzing the risk for heart disease and prevalence of
associated conditions, smoking is the key preventable and modifiable risk factor for women,
although physical inactivity and obesity also play a role (Schnohr, Jensen, Scharling &
Nordestgaard, 2002). Moreover, smoking may increase women's vulnerability to gender-
specific health consequences such as osteoporosis and pregnancy complications (USDHHS,
2001).

While tobacco use carries serious health risks and all smokers would benefit from quitting,
smoking cessation is difficult. On average, 70% of tobacco users would like to quit, but less
than 10% succeed in a given year. Further, long term or permanent abstinence may require
several attempts (Fiore et al. 2000). The Public Health Service Clinical Practice Guidelines
(Fiore et al. 2000) recommend that pharmacotherapy and behavioral counseling are effective
smoking cessation treatments for both men and women, although there have been
inconsistent reports of nicotine replacement therapy (NRT) efficacy among women (Perkins,
2001). It also has been suggested that women face different stressors and barriers to quitting
than men. Female smokers are more likely to report co-morbid depression (Gritz et al.,
1998), which has been found to decrease the likelihood of cessation (Covey, Glassman, &
Stetner, 1999; Hall et al., 1998). Perkins (2001) has contended that nicotine itself may be
less responsible for nicotine dependence among females and that conditioned cues related to
smoking may take on greater importance for women. If true, this gender difference would
help to explain findings that NRT is less efficacious among females than males (Cepeda-
Benito, Reynoso, & Erath, 2004). Concerns about post-cessation weight gain likely affect
women to a greater extent than men (Levine, Perkins, & Marcus, 2001; Pomerleau, Zucker,
& Stewart, 2001). These concerns have been associated with higher rates of attrition in some
clinical trials (Borrelli, Spring, Niaura, Hitsman, & Papandonatos, 2001; Mizes, Sloan, &
Segraves, 1998; Pirie et al., 1992) and treatment failure in other trials (Jeffery, Hennrikus,
Lando, Murray, & Liu, 2000; Meyers et al., 1997). Although suggestions have been made
that women may benefit from tobacco dependence treatments that address these topics
(Fiore et al., 2000), relatively few studies have examined programs targeted to one gender.

There are several aspects of exercise that suggest it may target some of these gender issues
in smoking cessation. Exercise may help to offset post-cessation weight gain, thus
increasing the likelihood that smokers can quit successfully despite their concerns about
gaining weight. Exercise has been found to elevate mood and to reduce anxiety (DiLorenzo
et al., 1999; Gauvin, Rejeski, & Norris, 1996) and drug cravings (Bock, Marcus, King,
Borrelli, & Roberts, 1999; Ussher, Nunziata, Cropley, & West, 2001). These findings
suggest that exercise may lessen the effects of nicotine withdrawal during the cessation
process. This may be particularly beneficial to women, given findings that women report
less withdrawal relief from NRT than men do (Hatsukami, Skoog, Allen, & Bliss, 1995).

Accordingly, there is research evidence to support the efficacy of exercise in smoking
cessation. In a study where no pharmacotherapy was offered, a three times per week
supervised vigorous exercise program was associated with significantly higher abstinence,
lower weight gain, fewer withdrawal symptoms and cravings in comparison with an equal
contact control condition (Marcus et al., 1999). Similarly, another study that included NRT
as a treatment component (Martin et al., 1997) found that exercise facilitated cessation.
However, the study had several methodological limitations and was conducted among
problem drinkers (Ussher, Taylor, West, & McEwen, 2000). Later, Marcus et al. (2005)
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tested whether the results from vigorous intensity exercise could be extended to moderate
intensity exercise. They found that the moderate exercise intervention together with
behavioral counseling was not superior to equal contact plus a behavioral counseling group.
Although a sub-sample of participants received NRT as part of the treatment, the role of
NRT was not systematically evaluated. Prapavessis et al. (2007) investigated whether
exercise and cognitive behavioral therapy produced similar effects on cessation and whether
NRT increased the effects of exercise. Although the effect did not reach statistical
significance, their findings suggested that exercise facilitated smoking cessation.

Taken together, there is evidence supporting the benefits of exercise as a component of
tobacco dependence treatment, although the degree of efficacy and the role of exercise as an
adjunct to NRT remain unclear. Given the established Clinical Practice Guidelines it is
essential to examine whether and how much exercise may add to the suggested standard
treatment consisting of behavioral counseling and pharmacotherapy (Fiore et al., 2000).

A randomized clinical trial was conducted with a sample of sedentary female smokers to
examine whether exercise offers a significant advantage over equal contact with research
staff as an adjunct to NRT and behavioral counseling. A standard care control group
receiving only NRT and brief behavioral counseling was also included for comparison
purposes. Nicotine gum therapy was chosen given its demonstrated efficacy in facilitating
smoking cessation (Fiore et al, 2000; Silagy, Lancaster, Stead, Mant & Fowler, 2004) and
also given findings that nicotine gum has helped to attenuate postcessation weight gain and
ameliorate the effects of depressive symptoms on smoking cessation (Kinnunen, Doherty,
Militello, & Garvey, 1996; Nordström, Kinnunen, Utman, & Garvey, 1999).

Method
Participants

Female smokers were recruited from the greater Boston, MA area using mainly radio,
newspaper and television advertising. In these advertisements, female smokers were invited
to participate in a quit smoking study in which they would receive free nicotine gum and
additional treatment should they qualify. The primary inclusion criteria were that
participants be sedentary (i.e., exercising fewer than 3 times per week with exercise being
defined as a total of 20 minutes without stopping or at least 30 minutes broken down into 10
minute intervals throughout the day), currently smoking at least 5 cigarettes per day and
between the ages of 18-55. The main exclusion criteria were active and severe psychiatric
illness, a history of a serious vascular or cardiac condition and insulin-dependent diabetes
mellitus. Participants with conditions contraindicated with nicotine gum use such as
temporomandibular joint disorder, bleeding peptic ulcers, pregnancy or lactation were
excluded as well. Information regarding exclusion criteria was obtained from a preliminary
telephone screen and a baseline clinical diagnostic graded exercise test.

Research design and general procedures
Participants in this trial were followed from 3 weeks before cessation to 1 year post-
cessation. All participants, independent of treatment condition, were provided with nicotine
gum treatment along with brief behavioral smoking cessation counseling. Gum was first
provided at the week -1 pre-quit visit. In assigning participants to a gum dose (2mg or 4mg),
we followed the recommendation in the package insert that smokers reporting use of 25
cigarettes per day or more take 4mg gum with those smoking less than this level taking 2mg
gum. Brief behavioral counseling was similar to counseling used in a prior nicotine gum trial
conducted by our group (Garvey et al., 2000). Dr. Kinnunen trained all research staff in
delivering this counseling, which adhered closely to handouts, the nicotine gum package
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insert and pamphlets such as “Clearing the Air” published by the National Cancer Institute.
Nicotine gum treatment guidance included detailed instructions on how to chew nicotine
gum and recommendations to use approximately one piece of gum per hour with a minimum
of 12 pieces per day and a maximum of 24 pieces per day. Toward the end of the treatment
period, participants were given instructions for weaning off the gum. The brief behavioral
counseling also included guidance on possible withdrawal symptoms and how to deal with
them, identification of and coping plans for urges, cravings and high risk situations. These
counseling sessions included practical advice and social support, were conducted in the
same manner for all participants and took approximately 10 minutes at each visit.

After the baseline visit, the participants were randomized into one of three conditions each
lasting a total of 19 weeks (three weeks prequit and 16 weeks post-quit). (1) The first
condition consisted of supervised exercise sessions taking place at a hospital cardiac
rehabilitation center under the direction of an exercise physiologist. These 40-minute
sessions included a five-minute warm-up routine, 30 minutes of moderate intensity
(60%-80% of maximal heart rate – HR max) aerobic exercise, followed by a five-minute
cool down and stretching. Intensity was monitored both by heart rate monitoring and the
Ratings of Perceived Exertion (RPE) scale. These sessions were administered twice a week
from 3 weeks precessation through 2 weeks postcessation. After the first five weeks and
continuing through the end of the treatment period, supervised exercise sessions were
reduced to one per week. The American College for Sports Medicine (ACSM) recommends
an exercise session duration of 20-30 minutes at 60-80% of the heart rate reserve excluding
a warm up and cool down period. This enables most individuals to achieve health and fitness
goals. ACSM states that for deconditioned persons 2 exercise sessions per week may
improve cardiorespiratory fitness although 3 to 5 sessions per week is optimal (ACSM,
2000). The main modality of the exercise during the supervised exercise sessions was
walking or running on a treadmill. In addition, participants in this condition were strongly
encouraged to take part in home-based exercise sessions to bring their total number of
weekly exercise sessions to at least three as suggested by the ASCM. Several suggestions
(e.g., walking, exercise tapes) were offered. (2) The second group was an equal contact
control condition consisting of health and wellness lectures and discussions. These sessions
were of equal duration and frequency as the supervised exercise sessions. The wellness
sessions included no tangible cessation help but instead covered topics including
aromatherapy, self-defense, first aid and facial massage (complete wellness manual is
available by request). (3) The third group was a standard care control condition including
only the same nicotine gum and brief behavioral counseling that participants in the other two
groups received.

Those randomized into the exercise intervention and equal contact control were asked to
attend twice weekly sessions for five weeks followed by weekly sessions for the remaining
14 weeks. Participants in the standard care control were provided eight sessions over the
course of the 19-week study. All but one of these sessions took place following the quit date.
Participants completed a total of eight assessments throughout the course of the pre-
cessation/treatment period regardless of group assignment. A flow-chart of the research
process is displayed in Figure 1. Nicotine gum was provided at no cost and a payment of
$50 was given to participants upon the completion of the study. This trial was approved by
the Harvard Medical School Office for Research Subject Protection and by the Brigham and
Women's Hospital's Human Research Committee.

Measures
Smoking cessation outcome—We started to measure abstinence from cigarettes
immediately after quitting. At each follow-up visit a daily smoking log was recorded
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retrospectively indicating the number of cigarettes smoked each day. A participant was
considered relapsed if she had done any smoking for 7 consecutive days or 2 consecutive
episodes, such as weekends (Hughes et al., 2003). The definition of relapse implemented in
this study was taken from the recommendations of the Society for Research on Nicotine
Tobacco Task Force (Hughes et al., 2003) and has been used successfully in our previous
reports (Korhonen et al., 2005). For this study, abstinence was recorded through 12 months.
Self-reported abstinence was verified by expired carbon monoxide at each visit and salivary
cotinine levels after nicotine gum use was discontinued. Abstinence was determined on an
intent-to-treat basis, in that participants who reported for the baseline and the week -1 pre-
quit visit (when the NRT was first provided), but at some subsequent time became lost to
follow-up were considered to have relapsed.

Adherence to treatment—Treatment adherence was measured at two levels. First,
among all participants adherence to pharmacological treatment (NRT) was assessed.
Second, adherence to behavioral treatment was assessed among participants in the exercise
and equal contact control conditions only. At each follow-up visit participants were asked to
report how many pieces of nicotine gum they had used per day since the previous visit. To
get a representative assessment of NRT based on self-reported daily gum use, we calculated
the average number of gum pieces used at one-week follow-up and compared use between
the conditions. Results from a comprehensive study involving nicotine gum suggested that
gum usage during the first week of cessation was the most representative of participants’
ability to adhere to treatment, given that they are more likely to comply early in the study
and less likely to return to smoking (Garvey et al., 2000). To assess adherence to adjunct
behavioral treatment (i.e., attendance at exercise or equal contact sessions), we used two
different measures. The first measure was prequit adherence calculated as the percentage of
treatment sessions attended before the quit date. The second measure was postquit adherence
calculated as the percentage of treatment sessions attended after the quit date and prior to
relapse. We assessed adherence to treatment sessions in only the exercise and equal contact
control conditions since they had the same number of sessions offered. Both of these
measures were classified into 2 categories of “relatively high” and “relatively low” using a
median split, which was 83% in prequit adherence and 66% in postquit adherence.
Additionally, participants in the exercise group were asked to record on a weekly calendar
the timing and the type of exercise they had engaged in at home, as well as the duration and
the intensity of that exercise. For each participant in the exercise condition, the number of
home-based exercised sessions that met the criteria for moderate intensity and sufficient
duration (i.e., at least 30 minutes long) was entered into the analysis. Adherence to intensity
of the exercise was monitored by heart rate using the Polar non-coded chest transmitter
(supervised exercise sessions only) and the Ratings of Perceived Exertion (RPE) scale
(supervised and home exercise). The RPE is a widely used and well validated scale to
evaluate perceptions of effort during exercise (Borg & Noble, 1974).

Socio-demographic variables—These data were obtained using a semistructured
questionnaire like those we have used in our previous studies (Garvey, Bliss, Hitchcock,
Heinold & Rosner, 1992; Garvey et al., 2000; Kinnunen et al., 1996). We assessed age, race,
education level, and marital status. Many of these pre-cessation factors have been found to
be associated with likelihood of relapse (Garvey et al., 1992; 2000). Education was analyzed
as a dichotomy of “low educated” (less than college degree) and “high educated” (at least a
college degree).

Variables related to smoking and other substance use—For smoking-related
variables we used cigarettes per day (CPD), Fagerström Test for Nicotine Dependence
(FTND) (Heatherton, Kozlowski, Frecker & Fagerstrom, 1991) and length of longest
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previous quit attempt (Ockene et al., 2000). Other substance-use related variables that have
been shown to predict abstinence and may also relate to exercise effects include the presence
of other smokers in the household (Garvey et al., 2000) and alcohol consumption (Shiffman
et al., 1986). Weekly alcohol consumption was assessed at baseline by asking each
participant how many beers, glasses of wine and other drinks (e.g., cocktails, mixed drinks)
on average they consumed during a week.

Psychological variables—At baseline we measured weight concerns related to smoking
cessation with a 6-item scale developed by Borelli and Mermelstein (1998). The participants
replied to questions about importance of weight control, smoking for weight control,
cigarettes helping in weight control, concerns about and perceived likelihood of post-
cessation weight gain and likelihood of resuming smoking if one gained too much weight.
Items were rated on a 0 to 4 scale (ranging from very slightly to extremely). To measure
participants' depression status at baseline we used the Center for Epidemiological Studies
Depression Scale (CES-D) (Radloff, 1977). The CES-D is an established self-report measure
of both the frequency and severity of depressive symptoms (Kinnunen et al., 1996; Radloff,
1977). Positive and negative mood were measured using the Positive and Negative Affect
Schedule (PANAS) (Watson, Clark & Tellegen, 1988). This measure consists of two 10-
item scales measuring positive and negative affect. Each item is rated on a 1 to 5 scale. Self
confidence in smoking cessation was measured with a single item: “How confident are you
that you will be able to quit smoking for the next 3 months?” The participant rated her
confidence on a 5-point scale. Psychosocial stress was measured using the Perceived Stress
Scale by Cohen, Kamark & Mermelstein (1983). The four items concern inability to control
important things; confidence in handling personal problems; feeling that things were going
her way and feeling that difficulties were piling up. The responses followed a Likert-type
scale ranging from 0 (never) to 4 (very often).

Withdrawal symptoms—Self-reported withdrawal symptoms were assessed using a
modified version of a scale developed by Hughes and Hatsukami (1986). Participants used a
5-point scale to rate the frequency of a series of withdrawal symptoms (i.e., depressed mood,
insomnia, irritability, anxiety, difficulty concentrating, restlessness, and increased appetite),
plus craving for a cigarette.

Fitness-related variables—Body weight was measured at each visit with a standard
upright scale that was calibrated frequently. Participants were weighed with shoes off and
with heavy outer clothing removed. In addition, height was measured at the first pre-
cessation visit to allow calculation of Body Mass Index (BMI) at each assessment. Self-
reported physical activity level was assessed at baseline, at the end of treatment and at the
end of the follow-up period with four Likert-type scale survey questions concerning
frequency and duration of daily work and leisure activities (See Appendix 1) (Helasoja,
Prättälä, Dregval, Pudule & Kasmel, 2002; Prättälä, Helasoja, & the Finbalt Group, 1999).
We used a sum score of these physical activity items at baseline as a predictor of smoking
cessation outcomes. Additionally, in order to assess adherence and changes in self-reported
physical activity at subsequent assessments we used the first question, i.e. ”How often do
you do physical exercise lasting at least 30 minutes, making you at least mildly short of
breath or perspire?” (‘daily’;‘4-6 times a week’; ‘2-3 times a week’; ‘once a week’; ‘2-3
times a month’; ‘a few times a year or less’; ‘I cannot exercise because of an illness or
disability’). This question best captures the exercise instructions (duration, frequency, and
intensity) given to participants in the exercise group. Functional fitness level: VO2max. To
establish a baseline functional capacity (fitness level), each participant underwent a clinical
diagnostic exercise test during her first pre-cessation visit using a modified Bruce protocol
(ACSM, 2000). As a result of this testing procedure and based on exercise intensity and
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duration, the estimate of maximum oxygen uptake (VO2max) was obtained. VO2max is an
indicator of cardio respiratory fitness.

With the exception of depression, the baseline psychological measures and withdrawal
symptoms were repeated during most follow-up assessments (i.e., 3 days and 1, 2, 4, 8, 16,
26, 39, and 52 weeks post-cessation) while fitness related variables were repeated at the end
of treatment (16 weeks) and at the end of the follow-up (52 weeks). We analyzed changes in
withdrawal symptoms from baseline to week 1. According to the DSM-IV-TR of the
American Psychiatric Association, withdrawal symptoms generally peak at week 1 post-
cessation (APA, 2000). The effects of the exercise condition on fitness (VOwmax and self-
reported physical activity on frequency, intensity, and duration) were examined at the end of
treatment.

Statistical analyses
The analyses were performed using SAS v. 9.1 for Windows and Statistica v. 6.1 for
Windows. The goal of the univariate analyses was to assess differences in likelihood of
abstinence by treatment condition. Univariate statistics included chi-square for categorical
variables. T-tests and ANOVAs with Tukey's HSD post hoc tests for unequal sample sizes
were used with continuous variables. For multivariate analysis, survival analyses
(proportional hazards models) were performed to examine relationships among treatment
condition and relapse during the one year follow-up period. First, we computed the
unadjusted survival model by treatment condition (crude hazard ratios). Second, baseline
variables differing across treatment condition at a minimum significance level of p < .10 in
separate univariate analyses were included in the multivariate model. A stepwise procedure
was used with the multivariate model, such that, variables not reaching a minimum
significance level of p ≤ .05 were eliminated from the model. Thus, the final multivariate
survival model included only those baseline variables significantly predicting relapse and
treatment condition, which was forced into the model (adjusted hazard ratios). In addition to
survival analysis, we examined treatment condition and predictors of early relapse at 3
different time points - one week, one month, and four months (end of treatment) after
cessation - by conducting a series of logistic regressions. Three stepwise logistic regression
models were conducted with treatment condition always forced in. For each follow-up, we
assessed which predictor variables (listed in Table 1) were associated with continuous
abstinence at a minimum level of p < .10. These variables were entered into the model and
then subsequently eliminated if they did not reach a minimum significance level of p ≤ .05.
Thus, the predictor variables included in the final model at each follow-up were significant
predictors of abstinence at that particular follow-up point.

Finally, we conducted adherence analyses among the participants in the exercise and equal
contact control conditions (n = 148). We used prequit adherence and postquit adherence
prior to relapse as two explanatory variables. These variables were analyzed as dichotomies
(relatively high/relatively low adherence) and entered as explanatory factors in the logistic
regression models. We conducted similar models as previously explained for predictors of
relapse at one week, one month, four months and one year. Here, we included those
significant predictors earlier detected, plus added one of the adherence variables and tested
interactions between treatment condition and adherence.

The impact of the exercise condition on withdrawal symptoms at 1 week postcessation and
VO2max variables was analyzed with a mixed design ANOVA (group × time) plus Tukey's
HSD post hoc tests for unequal sample sizes. Chi-square tests were used for the categorical
variable of self reported physical activity (Question 1 in Appendix 1).
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Results
Participants

A total of 1027 prospective participants screened by telephone were considered for possible
inclusion in the trial. Of those, 272 completed the baseline exercise test/medical screen at
which point nine were excluded (six due to cardiac abnormalities detected with an EKG and
three due to reported aversion to using a treadmill). The remaining 263 participants met full
inclusion criteria and were immediately randomized (exercise n = 125, equal contact control
n = 96, standard care control n = 42). Randomization into groups took place in waves of
approximately 20-30 participants each. Relapse rates were monitored by treatment condition
throughout the study. Early results indicated that participants randomized into standard care
fared considerably worse than either of the other two groups in terms of their likelihood of
smoking cessation. This ethical concern in addition to the distinction of greatest clinical
relevance being between the exercise and equal contact control conditions prompted a
decision to cease randomization into standard care early. Availability of facilities allowed
for a greater number of participants to be randomized into the exercise intervention than into
the equal contact condition.

Of those 263 randomized, 182 remained in the study for the entire three-week quit period,
including the week -1 prequit visit, when they were first administered nicotine gum. These
individuals were considered to have made a quit attempt and were included in the intent-to-
treat sample (exercise n = 92, equal contact n = 56, standard care n = 34). However, because
one of the 182 participants, randomized into the standard care control, did not provide
complete baseline data, the number of participants in the analyses with baseline data was
181.

Table 1 shows the distributions of baseline variables by treatment condition. Among the
categorical variables, there were no significant differences between the groups. Concerning
the continuous variables, there were significant differences in baseline VO2 max (p = .04)
such that the mean was lowest in the exercise and highest in the equal contact control
condition. Positive affectivity scores were also significantly different (p = .02), being highest
in the exercise intervention and lowest in the equal contact control condition.

Drop-out analysis
Leeman et al. (2006) reported a number of significant predictors of dropping out prior to the
quit attempt in the present sample. Non-White participants, those with children living at
home and those who reported greater weight concerns and higher levels of guilt were
significantly more likely to drop out before making a quit attempt, while age and duration of
one's longest prior quit attempt were inversely associated with likelihood of dropping out
early. Treatment assignment was not a significant predictor of attrition in this analysis.

Smoking Cessation Outcomes
Abstinence rates by group—The one week, one month, four months (end of treatment)
and one year (end of follow up) continuous abstinence rates are presented by treatment
condition in Table 2. P-values are reported for the overall Chi-square for all three treatment
groups. None of the comparisons reached statistical significance.

Survival Analyses—The survival curves by treatment condition are seen in Figure 2. The
unadjusted survival curves suggest that both the exercise and the equal contact condition had
lower relapse rates over time compared to the standard care condition. Based on the Log
rank tests, neither the exercise (p = .11) nor the equal contact control group (p = .11) was
significantly different from the standard care control group. However, the final multivariate
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survival model, including all significant predictor variables in addition to treatment
condition, showed that participants in the equal contact control group (p = .04) had
significantly lower relapse compared to the standard care control condition. There was also a
near significant trend in which the exercise group had a lower likelihood of relapse
compared with standard care (p = .05) (Table 3).

Predictors of early relapse—The results of the final multiple logistic regression models,
including treatment condition plus significant predictors at each follow-up, are shown in
Table 4. One week. Significant predictors of lower relapse risk were exercise condition and
baseline VO2 max, whereas higher nicotine dependence and a higher number of other
smokers in the household increased the risk of relapse. One month. For one month relapse
the only significant predictor was longest earlier quit attempt. A prior quit attempt longer
than 90 days was associated with lower relapse risk. Exercise intervention condition did not
remain a statistically significant predictor of relapse. Four months. At end of treatment, there
was one significant predictor of reduced relapse risk - longest earlier quit attempt – and two
significant predictors of elevated risk –consuming alcohol at least seven drinks per week and
having a higher number of other smokers in the household. Treatment condition did not
reach statistical significance.

Adherence to treatment
Adherence to pharmacological treatment was assessed in all conditions as average number
of nicotine gum pieces used per day at one-week follow-up. The average use of nicotine
gum after one week was 7.98 pieces per day [7.91 in exercise (SD = 5.39), 8.17 pieces in
equal contact (SD = 3.92) and 7.83 pieces in standard care (SD = 4.75)]. According to an
analysis of variance, there were no significant differences in average gum use between three
groups, F(2, 123) = .048, p = .95).

Attendance at prequit and postquit treatment sessions was compared between the exercise
and equal contact control groups. The average prequit adherence rate was 0.79 (SD = 0.17)
in the exercise condition (79% of sessions attended), and 0.87 (SD = 0.17) in the equal
contact condition. Based on a t- test, the prequit adherence was significantly higher in the
equal contact control group, t(136) = 2.66; p = .009. The average postquit adherence rate,
adjusted for time of relapse, was 0.53 (SD = 0.37) in the exercise group and 0.61 (SD =
0.42) in the equal contact control group. Based on a t- test, the difference in the postquit
adherence was not significant, t(146) = 1.19; p = .25. The combined pre- and post-cessation
adherence was significantly higher in the equal contact control group (M = 0.85; SD = .15)
than in the exercise group (M = 0.74; SD =.17), t(146) = 3.95; p < .001).

Prequit adherence was not associated with relapse at any point (one week, one month, end of
treatment, or end of follow-up.) Postquit adherence showed significant associations with one
week (p = .008), one month (p = .009), end of treatment (p = .006) and end of follow-up (p
= .01) relapse. When adjusted for other significant predictors at each follow-up the
association of postquit adherence remained significant. The Odds Ratios (OR) indicated that
those who had relatively high postquit adherence had significantly lower risk for relapse at
any follow-up compared to those with relatively low adherence.

Each week participants returned weekly calendars reporting the type and duration of
exercise they had engaged in at home. During the early weeks of the study the compliance to
exercise recording as well as exercise frequency (at least 2 times a week) and duration (at
least 30 minutes) with moderate intensity (determined by RPE) was relatively high. We have
presented findings regarding the home based exercise in Table 5. During the first five weeks
of the study, when participants were provided with 2 supervised exercise sessions, 49.0%,
45.7%, 47.8%, 43.5%, and 38.0% of participants, respectively, reported exercising at least
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twice a week for 30 minutes or more in addition to the supervised sessions. During
subsequent weeks this rate reduced in linear fashion from 34.5% down to 6.5% at the end of
treatment. The rates of compliance are confounded by relapse to smoking and attrition
particularly in the later portions of the treatment period. We have reported the number of
missing home exercise calendars at each study week and number of participants who
relapsed at weeks 1, 4, 8, 12, and 16 post-cessation.

Changes in VO2max, self-reported physical activity, and withdrawal symptoms
A mixed ANOVA (group × time) was conducted to examine differences in VO2max
between baseline and end of the treatment. A time main effect was found to be significant
F(1, 26) = 4.06, p=.05. Although the Exercise group had the largest increase of 4.1 ml/kg/
min (28.8, SD = 8.5 at baseline and 32.9, SD =7.7 at the end of the treatment), the other two
groups also showed an increase. The standard care group increased 2.1 ml/kg/min (from
28.0, SD = 4.2 to 30.1, SD = 2.9) and the equal contact control group increased 1.1 ml/kg/
min (from 34.2, SD = 5.8 to 35.3, SD = 6.9).

To be consistent with the ACSM guidelines, we examined responses for question 1 on self-
reported physical activity. More specifically, we calculated the percent of participants who
reported that they exercised at least “2-3” times a week (ACSM, 2000). Among the Exercise
group participants, agreement that they exercise “2-3 or more times a week” was reported at
baseline by 14.1% and at the end of treatment by 25.0% of participants (p = .01). In the
Equal contact control group, 7.1% reported this frequency of exercise at baseline compared
with 16.0% at the end of treatment (p = .26). The standard care group had 20.6% at baseline
and 12.0% at the end of treatment who exercised at that frequency (p = .59). It should be
noted that there were only 7 participants in the standard care at the end of treatment.

We also examined seven withdrawal symptoms and craving at one week post-cessation, also
using mixed ANOVAs (group × time). A time main effect was found for restlessness,
F(1,124) = 5.0, p = .03, anger, F(1,123) = 10.7, p < .001, difficulty concentrating, F(1,124) =
4.9, p = .03, increased appetite F(1,124) = 14.9, p < .001, and craving, F(1,124) = 8.9, p = .
003. With the exception of craving, the above mentioned withdrawal symptoms increased
from baseline. No significant differences were found for anxiety, depression, and difficulty
sleeping.

Discussion
The aim of this randomized controlled trial was to examine exercise as an adjunct to
standard care in smoking cessation treatment while also controlling for equal contact.
Overall, the relapse rates were very high. At the end of treatment only 24.2% of the exercise
group, 23.2% of the equal contact control group and 14.7% of the standard care group
remained abstinent. At the end of the one-year follow-up, the abstinence rates were 9.8%,
12.5% and 5.9%, respectively. Over the past several years, researchers have observed that
the remaining smokers in the population are primarily heavily addicted, long-term users
(Curtin, Brown, & Sales, 2000; Hughes & Brennan, 1996), who are resistant to current
treatments (Irvin & Brandon, 2000; Irvin, Hendricks & Brandon, 2003). The rates of relapse
in our study appeared to follow the same trend that these researchers have described.

However, we found that both the exercise and equal contact control conditions almost
doubled the cessation rates over the standard care condition. Although the univariate results
did not reach statistical significance, the multivariate survival analysis model adjusted for all
significant baseline predictors showed that participants in the equal contact condition had a
significantly lower likelihood of relapse compared to the standard care control. There was
also a near significant trend in this analysis where exercise offered an advantage over
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standard care. An adjusted logistic regression model for one week abstinence showed both
the exercise and equal contract groups remaining abstinent at higher rates than the standard
care group. These findings suggest that adjunct treatment proved to be effective particularly
in prevention of very early relapse. Our inability to show an advantage for exercise in
smoking abstinence in univariate analyses has precedent in the literature. Marcus et al.
(2005) and Prapavessis et al. (2007) also reported findings that suggested benefits associated
with exercise but showed no significant advantage for exercise over alternate treatment
conditions. One study showing a significant advantage for exercise offered no NRT (Marcus
et al., 1999) and another suffered from methodological limitations (Martin et al., 1997).

Adherence to exercise intervention
Despite inconsistencies in achieving statistically significant results, these studies all suggest
a beneficial effect of exercise on smoking cessation. In the present study, although the
standard care control condition was less effective than two other conditions, the exercise
condition did not show higher abstinence rates than the equal contact control condition. One
issue to take into account is adherence to sessions (supervised exercise and wellness
lectures, respectively) in these two groups. We evaluated both pre- and postquit adherence
and found that both were higher in the equal contact control condition, although the
difference was significant only in prequit adherence. Concerning smoking cessation
outcome, only postquit adherence was a significant predictor. Those who had relatively high
postquit adherence had significantly lower risk for relapse at all follow-ups compared to
those with relatively low adherence. In general, adherence to exercise was low and may
have diminished the beneficial effects of exercise. Thus, it is possible that, to some degree,
better adherence in the equal contact group may have contributed to abstinence in this
condition. Marcus et al. (2005) found that adherence to exercise sessions was 70.5% during
their 8 week program while Prapavessis et al. (2007) reported 62.4 % adherence during their
12 week program. However, as a predictor of abstinence Marcus reported that only the
number of weeks meeting the criteria for the exercise prescription predicted abstinence,
while Prapavessis did not report the predictive value of adherence.

Exercise in smoking cessation: Intensity of exercise
While vigorous exercise intensity (Marcus et al., 1999; Prapavessis et al., 2007) has been
associated with better smoking cessation rates, the terminology used to characterize exercise
intensity has not been consistent. The American College of Sports Medicine (ACSM) (2000)
defines the exercise-training zone with intensity between 60% and 85% of maximum heart
rate as being moderate-to-vigorous and more specifically, “moderate” intensity as being
between 55%-69% of HR max and “hard” as being between 70%-89% of HR max. Marcus
and co-authors (1999) used the term “vigorous intensity” to refer to 60%-85%, whereas
Prapavessis and colleagues (2007) defined “vigorous” as 67%-83%. In the subsequent study
by Marcus and co-authors (2005) the goal was 50%-69% for moderate exercise. In our study
we had a target heart rate 60%-80% of the HR max. Although the smoking cessation rates
were not as high, there are clearly benefits to moderate intensity exercise, and the ACSM
recommends that previously sedentary individuals progress from moderate to more vigorous
exercise intensity. Moreover, as long as participants are within their cardiovascular fitness
training zone, enjoyment may be the most important factor in an exercise-training program.
Given the smoking cessation context it is also important to remember that moderate intensity
exercise may promote better adherence (Blair & Connelly, 1996), has a higher feasibility of
adoption (as even walking can be considered as exercise) (Manson et al., 1999), requires less
need for supervision and has lower risk of injury (Asikainen, Kukkonen-Harjula, &
Miilunpalo, 2004).
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Timing of the exercise
Our exercise intervention included twice a week supervised sessions for the prequit period
and for 2 weeks post-cessation. After that, supervised exercise was reduced to once a week
but the total expectation remained at a minimum of three times a week. The reduction in the
number of supervised exercise sessions after five weeks in this study was done in an attempt
to make attendance more feasible and thereby increase adherence, however this change did
not have the intended effect. It remains as a challenge to keep people engaged in an exercise
routine, particularly in a group that was previously sedentary as in the present study.
Increasing adherence to an exercise program might be accomplished in a number of ways.
First, cognitive-behavioral interventions have been shown to increase exercise adherence
among medical populations (Dishman & Buckworth, 1996). Secondly, cost-effective
interventions that are easily integrated into everyday life may also have positive effects on
adherence. For example, exercise regimens that can be performed easily at home, as
opposed to a supervised hospital setting, may be used more frequently and maintained for a
longer time. We are currently investigating whether these factors (i.e., cognitive-behavioral
interventions and home exercise) increase adherence as it seems that increasing adherence to
exercise should lead to higher abstinence rates in smoking cessation.

Psychosocial factors related to smoking cessation outcome
As expected, several baseline variables predicted both early and late relapse. Nicotine
dependence, presence of other smokers in the household, previous quitting experience and
alcohol use are examples of factors that have been found in the literature to be associated
with smoking cessation (Garvey et al., 2000; Korhonen et al., 2005; Ockene et al., 2000;
Shiffman et al., 1986; Strecher, Shiffman & West, 2006). In our study, when we statistically
accounted for these and other predictor variables, the effect of exercise did not decrease, but
on the contrary, it increased.

There are several potential explanations for the equivalent effects on smoking abstinence
observed between the exercise and equal contact control conditions. There is evidence that
social support is an important factor contributing to smoking cessation in interventions
(Fiore et al., 2000; Korhonen, Sun, Korhonen, Uutela & Puska, 1997; Lichtenstein, Glasgow
& Abrams, 1986). It is possible that participants in the exercise and equal contact control
conditions received similar levels of social support from staff, which influenced their
likelihood of abstinence. Links between social support and smoking cessation have been
well established in women. For instance, in a large population-based survey in Scandinavia,
former female smokers reported better emotional support than current smokers (Janzon et
al., 2005). Unfortunately, we cannot make definitive statements about effects of social
support. Although we measured expectation of social support at baseline and at end of
treatment, we did not measure actual social support received. All participants received
recommended standard treatment, i.e., at least NRT and behavioral counseling, which have
known efficacy (Fiore et al., 2000; Silagy et al., 2004). This fact may make it more difficult
to detect a significant effect of exercise. Another possibility is that participants in the equal
contact control condition gleaned some benefit from the health and wellness lectures and
made positive lifestyle changes which indirectly enhanced their ability to remain abstinent.

Limitations
One limitation of the study is the drop out rate (see Leeman et al., 2006 for a detailed
analysis of attrition in the present trial). While higher than rates typically reported in the
literature, similar attrition rates are not unheard of in smoking cessation studies. For
instance, in a 13-week gum plus cognitive-behavioral group counseling trial for women,
approximately one-third of participants dropped out by the fifth week of the trial (Ginsberg
et al., 1997). Treatment condition was not a statistically significant predictor of dropout
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before the quit date in this trial according to the Leeman et al. (2006) analysis, thus dropout
by treatment condition was not likely to bias our results. However, it is possible that those
with higher weight concerns, who tended to drop out earlier, might have benefited from the
exercise intervention.

Another limitation is that we used only one exercise modality – aerobic exercise – namely
walking. However, various types of exercise programs also have the potential to promote
smoking cessation via other mechanisms. Among commonly reported causes for failed
smoking cessation attempts are withdrawal symptoms and cravings for cigarettes. Although
exercising several times a week certainly elevates mood, it may not alleviate acute
withdrawal symptoms. To address this problem, some ongoing interventions (Ussher,
Nunziata, Cropley, & West, 2001; Ussher, West, Doshi, & Sampuran, 2006), are
investigating the effects of isometric and short bouts of exercise on withdrawal symptoms.
These laboratory studies are suggestive that perhaps isometric or short bouts of exercise
could be used as a behavioral coping mechanism during tempting situations.

In sum, it appears that exercise does aid cessation, but it seems critical to create ways to
increase adherence to exercise. Similarly, it seems important to ascertain the level and type
of structure needed to produce exercise effects, smoking cessation effects, and short- and
long-term adherence to exercise. Smoking cessation and regular exercise independently have
many health promoting effects, such as reduced risk of cardiovascular diseases (USDHHS
1996USDHHS 2001). Both smoking and a sedentary lifestyle are predisposing factors for
hypercholesterolemia, hypertension, as well as metabolic syndrome (Schnohr, Jensen,
Scharling & Nordestgaard, 2002). Thus, combining exercise with smoking cessation
interventions could provide an additive cardiovascular benefit, especially if exercise
contributes to successful smoking cessation. Even in lieu of smoking cessation, introducing
regular exercise into one's lifestyle may act as a harm reduction approach. Accordingly,
physically active smokers demonstrate a greater active and shorter disabled life expectancy
compared with smokers who are sedentary (Ferrucci et al., 1999). Thus, even if exercise has
modest effects on tobacco abstinence, the additive effects of regular exercise on weight
control, improved lipid- and sugar metabolism are all important in decreasing the total risk
of morbidity, such as cardiovascular problems and diabetes.
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Appendix

Appendix 1:
Self-Reported Physical Activity Level Questions (Helasoja, Prättälä, Dregval et al. 2002;
Prättälä, Helasoja & the Finbalt Group, 1999)

1. During your leisure time, how often do you do physical exercise lasting at least 30
minutes, making you at least mildly short of breath or perspire?”

a. “daily”

b. “4-6 times a week”

c. “2-3 times a week”

d. “once a week”
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e. “2-3 times a month”

f. “a few times a year or less”

g. “I cannot exercise because of an illness or disability”

2. To what extent do you engage in moderate physical activity or exercise during your
leisuretime?

a. “I enjoy reading, watching TV, and other non-physical activities during
my leisure time.”

b. “I walk, ride a bicycle, do gardening, or some other moderate physical
activity half an hourto 1 hour per week during my leisure time.”

c. “I engage in moderate exercise 11/2 to 21/2 hours per week during my
leisure time.”

d. “I engage in moderate exercise 3 to 4 hours per week during my leisure
time.”

e. “I engage in moderate exercise more than 4 hours per week during my
leisure time.”

3. “How many minutes a day you spend walking or riding a bicycle on your way to
and fromwork? (Including going to and coming back)”

a. “I work at home or don’t work at all”

b. ”I go to work by car or by bus”

c. “less than 15 minutes a day”

d. “15-30 minutes a day”

e. “30-60 minutes a day”

f. “more than an hour a day”

4. “Which one of the following descriptions is best suited to your work?”

a. “very largely sedentary work (e.g. desk work, studies, light assembly
work)”,

b. “sedentary or standing work involving some walking, lifting, or carrying”

c. “work involving a lot of walking, lifting, or carrying (e.g. heavy industrial
work, building and construction work, heavier housework)”

d. “heavy manual work (e.g. forestry work, heavy agricultural work, heavy
building and construction work, road work)”
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Figure 1.
Flow-chart of the procedures and number of participants in each stage of the trial.
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Figure 2.
Percent abstinent during 365 days postcessation by treatment condition.
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Table 3

Survival analyses of likelihood of relapse: Hazard Ratios (HR) and 95% Confidence Intervals (CI).

Treatment Condition HR 95% CI Chi-square p valuea

Unadjusted model (N=182)

Treatment Condition

 Exercise Intervention 0.73 0.49-1.08 2.48 .11

 Equal Contact Control 0.70 0.46-1.08 2.59 .11

 Standard Care Control 1.00

Adjusted modela (n=179)

Treatment Condition

 Exercise Intervention 0.67 0.45-1.01 3.71 .05

 Equal Contact Control 0.62 0.40-0.97 4.36 .04

 Standard Care Control 1.00

Alcohol consumption

 ≤ 7 drinks/week 1.00

 > 7 drinks/week 1.48 1.01-2.17 4.1 .04

Longest Quit Attempt

 ≤ 90 days 1.00

 > 90 days 0.68 0.51-0.92 6.3 .01

a
Adjusted for alcohol use and longest earlier quit attempt
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