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ABSTRACT

Annuolly, tobacco-related illnesses cloim the lives of millions of women worldwide.
Women hove more difficulty in quitting than men, and smokers in generol ore more
physicolly inactive than nonsmokers—further contributing to morbidity ond mortal-
ity. Exercise represents o treotment option that may be particularly suitable for
women trying to quit smoking. It may address several known barriers to cessation
by promoting emotionol well-being and maintenance of heolthy body weight and
by providing a socially supportive environment. Further, exercise participation is
inversely related to other cordiovosculor risk foctors. Currently, there is o poucity of
research testing the effectiveness of exercise as an oid for smoking cessation. Meth-
odological flaws have plagued many of these studies ond odherence to exercise
interventions hos been poor. This poper reviews effectiveness of exercise in treating
tobocco dependence in women, including findings from published and ongoing
clinical trials. Consequently, severol relotionships ond hypothesized mechonisms
between exercise ond smoking cessation are discussed. Given the widely estob-
lished benefits of exercise on women's heolth, ond lock of odequote exercise triols
for women smokers, further reseorch is warranted regarding the potentiol role of
exercise os treatment and the harm reduction intervention in the field of tobocco
dependence.

Key words: smoking cessotion, exercise, nicotine replocement theropy, clinicol
trials, women's heolth

Every yeor, tobocco-reloted illnesses premoturely cloim the lives of neorly one million
women worldwide. The majority of these deoths ore due to coronary heart disease,
stroke, ond increasingly to lung concer (U.S. Deportment of Health and Human Services
[HHS], 2001). Moreover, smoking may increase women's vulnerobility to gender-specific
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health consequences (Hellström-Lindahl & Nardberg, 2002; Reynalds et al., 2004). Un-
fortunately, smoking-related illnesses, especially cardiovascular diseases (CVD), are be-
caming more prevalent among women (HHS, 2001), and smoking may be a stronger
risk factor for women than for men (Bjartveit & Tverdal, 2005; Prescott, Hippe, Schnohr,
Hein, & Vestbo, 1998).

WOMEN AND SMOKING CESSATION

Despite the known health risks of tobacco use and the benefits af smoking cessotian
(Peto et al., 2000), quitting smoking is difficult to accomplish for both men and wamen.
Althaugh many smakers wauld like ta quit, the chance of successful cessation with an un-
aided attempt is approximately 5% (Fagerström, 2005). Further, long term or permanent
abstinence may require several quit attempts (Fiore et al., 2000). Some studies suggest
that quitting may be more difficult for women than men and that nicotine replacement
therapy (NRT) may not always be as effective for women as men (Perkins, 2001). Yet
another challenge is that none of the current medications designed to aid in smoking
cessation attempts are recommended for women who are pregnant ar breastfeeding—a
time when many women may attempt to quit smoking.

It also appears that determinants af successful smoking cessation differ for women
OS compared ta men. Weight cancerns, stress, depression, lock of social support, and
low education level ore among the factors contributing to a poorer outcome in cessation
treatment for women relative to men (Cepeda-Benito, Reynoso, & Erath, 2004; Perkins,
2001). Women also report greater physical and emotional dependence on tobacco than
men (Björnson et al., 1995). As such, mood management and concerns about weight
may be special challenges for women who try to quit smoking.

Adjunct behavioral interventions, such as relapse prevention counseling (Fiore et
al., 2000) or cognitive-behavioral counseling (Hall et al., 1998), have been found to in-
crease cessation rotes when added to phormacotherapy. Cognitive behavioral and oth-
er treatments that have been tailored to address issues specific to women (e.g., weight
concerns, depression, and sacial support) have shown some success (Leventhol et al.,
2007, Perkins et al., 2001). Given these specific obstacles ta quitting success, physical
activity may be an especially suitable form of behavioral intervention, particularly for
women (Leventhol et al., 2007). Furthermore, exercise is negatively correlated with coro-
nary heart disease, acute cardiac events, and cardiovascular risk factors and promotes
emotional well-being and addresses weight issues (Thompson et al., 2003). Moreover,
because relatively low-cost exercise (e.g., walking) pragrams have been successfully
implemented in community and primary care settings, they may be particularly relevant
for women of low socioeconomic status wha are at the greatest risk far caronary artery
disease and wha are more nicotine-dependent (HHS, 1996, 2001).
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UTILITY OF EXERCISE IN SMOKING CESSATION
Quitting smoking and regular exercise can independently lead to health promotion.
For example, both rapidly reduce the risk of CVD among women (HHS, 1996, 2001),
whereas smoking and a sedentary lifestyle are predisposing factors for hypercholester-
olemia, hypertension, and even the metabolic syndrome (Schnohr, Jensen, Scharling, &
Nordestgaard, 2002), Thus, it is assumed that combining exercise with smoking cessa-
tion interventions could provide a remarkable cardiovascular benefit, especially if exer-
cise contributes to smoking cessation. Additionally, epidemiological evidence indicates
an inverse association between physical activity and all-cause mortality risk even after
statistical adjustment for smoking (Paffenbarger, Hyde, Wing, & Hsieh, 1986), It has
been shown that physically active smokers have fewer years of disability prior to death
than with smokers who are sedentary (Ferrucci et al, 1999), Thus, even in lieu of smok-
ing cessation, introducing regular exercise into one's lifestyle may improve quality of life
(DeRuiter & Faulkner, 2006),

Aerobic exercise may provide specific effects found to be particularly important
for women. First, negative affect related to continuing smoking is more common among
women than among men (Perkins, 2001). Depressive symptoms, stress, and cigarette
cravings associated with smoking cessation also increase the likelihood of relapse
among women (Doherty, Kinnunen, Militello, & Garvey, 1995; Niauro et al,, 2001),
Second, women are more likely than men to report concerns of weight gain as a reason
for continuing smoking (Jeffery, Hennrikus, Lando, Murray, & Liu, 2000), Given that regu-
lar exercise improves mood, reduces stress, cigarette cravings, and fear of weight gain
(Cepeda-Benito et al., 2004; Leventhal et al., 2007) associated with smoking cessation
(Sorensen et al,, 1992), exercise may be an especially promising treatment for women
who wont to quit smoking (Haus, Hoerr, Mavis, & Robison, 1994; Marcus et al,, 1999),

EFFECTIVENESS OF EXERCISE IN SMOKING CESSATION
Since the 1980s, several studies have been published on the effects of exercise in smok-
ing cessation (Ussher, Taylor, West, & McEwen, 2000), Most of these studies have
focused on assessing the effectiveness of moderate aerobic exercise, whereas some
interventions hove utilized vigorous exercise programs. Of the three trials conducted dur-
ing the 1980s, none found significant differences between exercise and control groups.
However, these trials had relatively low numbers of participants, and given the modest
success rate of smoking cessation intervention, had low stotistical power to detect ef-
fects (Hill, 1985; Russell, Epstein, Johnston, Block, & Blair, 1988; Taylor, Houston-Miller,
Haskell, & Debusk, 1988), These initial intervention studies also failed to produce any
physiological exercise effects within the experimental group that suggests the interven-
tion may have been too short in duration or that adherence to the exercise regimen wos
insufficient.

However, trials conducted during the 1990s that provided a sufficient exercise
stimulus, such as more vigorous exercise, produced better results and higher quit rates
(Marcus, Albrecht, Niaura, Abrams, & Thompson, 1991; Marcus et al,, 1995; Marcus et
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al., 1999). The most extensive of those trials included only female participants and used
exercise as an adjunct to cessation counseling (Marcus et al., 1999). Findings indicate
that participants in the exercise group—who exercised at 65-80% of maximal capac-
ity—had better results at 12-month follow-up (12% smoke-free) than those in the control
group (5% smoke-free). Although these rates may appear modest, they have clinical
relevance since the average unassisted cessation rate is 3-8% (Fiore et al., 2000).

Since the Marcus et al. study (1999), three additional studies have been conducted
on smoking cessation and exercise utilizing the American College of Sports Medicine
(ACSM) guidelines for an exercise prescription (Kinnunen et al., 2008; Marcus et al.,
1999, 2005; Prapavessis et al., 2007). That is, the ACSM identifies five components of
the exercise prescription (i.e., frequency, intensity, duration, mode, and rate of progres-
sion) that impact the improvement of cardiorespiratory fitness in adults, and they provide
recommendations for modulation of each component (ACSM, 2006). Kinnunen et al.
(2008) and Prapavessis et al. (2007) used exercise as an adjunct treatment to NRT,
whereas two studies by Marcus et al. (1999; 2005) used exercise as a single modality
treatment. Furthermore, although the frequency (three times a week), duration (approxi-
mately 30-45 minutes), and mode (walking) of exercise was relatively consistent across
the studies, the intensity has varied from moderate (King et al., 1992; Marcus et al.,
1999) to vigorous (Marcus et al., 2005; Prapavessis et al., 2007). Marcus et al. (1999)
found that exercise improved cessation rates over an equal contact control condition
when exercise intensity wos vigorous. Positive results were also found by Prapavessis et
al. (2007), although they were not statistically significant. The comparison group was a
cognitive-behavioral counseling group. Kinnunen et al., (2008) and Marcus et al. (2005)
did not find that exercise improved cessation over equal contact control with moderate
exercise; although, exercise did imprave compared to NRT alone. Summaries of pub-
lished studies and preliminary data from the Kinnunen laboratory are given in Table 1.

EXERCISE-INDUCED ACUTE AND POST-CESSATION CHANGES IN

M O O D , WITHDRAWAL, AND CRAVINGS

The notion that exercise elevates mood is well-established (DiLorenzo et al., 1999;
Gauvin & Spence, 1996; Taylor, Ussher, & Faulkner, 2007; Ussher, West, Doshi, &
Sampuran, 2006). Similarly, anxiety, irritability, stress, and depression are commonly
observed affective states during smoking cessation; hence, it seems logical to use ex-
ercise as an intervention to reduce tobacco-abstinence-induced withdrawal symptoms.
Furthermore, when developing a gender-specific treatment for women, interventions tar-
geted to reduce negative affect and withdrawal distress are encouraged since these
aspects are more troublesome for women than for men (Leventhal et al., 2007). Surpris-
ingly, there are only two published reports that examine the effects of exercise an post-
cessation withdrawal syndrome. Neither of these reports found significant effects (Bock,
Marcus, King, Borrelli, & Roberts, 1999; Kinnunen Mustonen, 2005), and it is possible
that a higher intensity exercise is needed to produce relief in withdrawal. There are two
additional studies that examine post-cessation effects of exercise in a smoking cessation
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Table 1. Summaries of Studies Bosed on the 2006 ASCM Guidelines
(Hard: 77-93%; Moderate: 64-76%; Light: 50-63%).

Marcus et al., 1999
noNRT
randomized

Marcus et al., 2005
partial NRT (patch)
randomized

Prapavessisetal.,2007
NRT(potch)
randomized

Intensity by
new ASCM
guidelines

Hard

n/a

Moderate

n/a

Hard

n/a

Mean exercise intensity as %
of heart rate max

83% (actual)

Equal contact control

74.3 % (actual)

Equal contact control

81.6% (intended)

Cognitive hehavioral counseling

8 weeks
quit rates

19.4%

10.2%

14.7%

11.1%

70%
(6 weeks)

77%
(6 weeks)

3-4 months
quit rates

16.2%

8.2%

7.3%

3.7%

70%
(4 months)

49%
(4 months)

Kinnunen et ol., 2008
NRT (gum)
randomized

Moderate

n/a

n/a

77.1% (actual)

Equal contact control

Standard care

28.3%

28.6%

14.7%

24.2%
(4 months)

23.2%
(4 months)

14.7%
(4 months)

program (Schneider, Spring, & Pagoto, 2007; Ussher, West, McEwen, Taylor, & Steptoe,
2003). In both studies, participants were instructed to exercise on their own rather than
in a supervised exercise session. Interestingly, both of these studies found that those par-
ticipants who self-selected higher doses of exercise reported reductions in post-cessation
negative affect (Schneider et al., 2007; Ussher et al., 2003).

Contrary to post-cessation effects, there is an abundance of research reporting how
single bouts of exercise reduce withdrawal and cravings. A systematic review by Taylor,
Ussher, and Faulkner (2007) summarized evidence from 14 studies investigating acute
exercise effects. Only one of the studies investigated these effects during a smoking
cessation attempt, whereas others were done in a laboratory with smokers temporarily
abstinent for 12-24 hr. All studies that compared exercise to a passive control condition
found that exercise significantly reduced cigarette cravings and withdrawal symptoms.
These effects varied in intensity (i.e., hard/vigorous, moderate, or light) and with isomet-
ric exercise. Two studies directly compared two levels of intensity and found no differen-
tial impact on the reduction of craving or withdrawal (Daniel, Cropley, Ussher, & V^est,
2004; Everson, Daley, & Ussher, 2006). It should be noted that the duration of exercise
was relatively short in these studies. Eleven of the reviewed studies included only short
bouts of exercise varying from 5 to 15 min, and three studies had 20- to 30-min bouts.
Since exercise-induced acute effects on withdrowal symptoms are well-estoblished in
laboratory settings, their investigation in a real-life smoking cessation attempt seems
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pertinent. Furthermore, no studies to the outhors' knowledge hove related acute exercise-
induced effects to smoking cessotion withdrawal relief and abstinence rates.

In addition to impoct on mood ond crovings, exercise may aid in smoking cessation
by increasing self-efficacy and distress toleronce; it moy olso oid in smoking cessation
by reducing weight concerns ond generol depression ond by providing o sociolly sup-
portive environment (Croft, 2005; Gouvin & Spence, 1996; HHS, 1996; Schneider et
ol., 2007; Toylor et al., 2007). The established benefits of exercise ond the hypotheticol
mechanisms by which cessation may be facilitated are summarized in Table 2.

STUDY DESIGN CONSIDÜRATIONS OF EXERCISE IN SMOKING CESSATION

Ussher (2005) provided o critical review of the trials conducted before 2004: The evalu-
ation revealed that, among 11 triols thot fulfilled oil criterio for o controlled design, only
three were oble to volidly show thot exercise hod o positive impact on smoking cesso-
tion mointenonce. However, on inspection of the design chorocteristics in these studies
worronts continued enthusiosm for the potentiol promising effect of exercise in promoting
smoking cessotion.

First, mony triols either utilized smoll somples or employed exercise interventions thot
did not odequotely impoct certain physiologicol outcomes, such os fitness. Therefore,
there is o need for odditionol research with larger sample sizes and exercise interven-
tions that are well-defined and have the duration ond intensity requirements needed to
produce sufficient chonges in fitness. These chonges ore importont in smoking-cessotion
reseorch due to whot oppeors to be o dose-response relotionship between treatment
success and dose of the intervention.

A second proposed explonotion for the lock of efficocy demonstroted in these tri-
ols is thot the exercise interventions moy have been started too lote (i.e., ot the time of
smoking cessation). Relopse to smoking often occurs during the very first weeks following
cessation; therefore, in order to get the optimol benefits from exercise, such as positive
mood, exercise progroms should be initioted prior to the quit doy. Thus, we suggest thot
exercise should be storted o few weeks in odvonce of quitting.

Another shortcoming in the previous literature is a lack of NRT or other relevont
medication within the intervention. All clinical practice guidelines published in the U.S. in
2000 (Fiore et ol., 2000), ond loter in Europe, hove emphosized both phormacologicol
(e.g., NRT) ond o non-phormocologicol (e.g., behoviorol counseling) components in the
treotment of tobacco dependence. Thus, exercise should be tested as an adjunct of NRT
ond counseling, rother than as a stand alone intervention (Ussher et ol., 2000). Further-
more, triols that assess the participonts' odherence to the exercise regimen ore needed
in order to determine if exercise represents on adjunct treatment option for women.

POTENTIAL MECHANISMS CONTRIBUTING TO THE SMOKING
CESSATION-EXERCISE RELATIONSHIP
The previously described interventions hove primorily focused on two woys in which
exercise con aid smoking cessation; those ore the proposed mechonisms of mood regu-
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Table 2 . Established Benefits of Exercise and Plausible Mechanisms
by Which Exercise May Aid Smoking Cessation

Established benefits ol exercise

Elevated mood
Reduced anxiety

Reduced drug cravings

Improved sleep cycle

Decreased stress reactivity

Increased self-elficacy and
self-esteem

Weight management

Reductions in cancerns reloted ta
weight gain

Modification of neuratransmitters
(e.g., serotonin, endogenous opiates)

Plausible mecbanism

Withdrawal relief

Reduced cravings

Withdrawal relief

Increases distress tolerance
Withdrawal relief

Self-efficacy predicts smoking cessation success
Relapse prevention

Reduction in weight gain

Reduction in weight concerns

Substitute reinforcer for nicotine

Representative
studies/reviews

DiLorenzoetal., 1999
Gcuvin&Spence, 1996
Ussher et al., 2006

Bocketal., 1999
Daniel et oL, 2006
Taylor et al., 2007
Ussher et al., 2001

Drivers Taylor, 2000
Taylor et al., 2007

Crews& Landers, 1987
Taylor et al., 2007
Traustadattiretal.,2005

Craft, 2005
Fox, 2000
Gauvin&Spence, 1996
McAuley et al., 2000
Marcus et al., 1994

Asikainen et al., 2004
HHS, 1996
Kawachietal.,1996
Perkins et al., 1997
Schneider et al., 2007
Taylor et al., 2007

Stathopoulou et. al., 2006
Taylaretal.,2007

lation and weight control. These were chosen because they have proved to be espe-
cially relevant for smoking cessation among women. 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 certain-
ly elevates mood, it may not alleviate acute withdrawal symptoms. Taylor et al.'s (2007)
systematic review suggests that short bouts of exercise, both aerobic and isometric, may
lead to a reduction in negative mood, tobacco withdrawal, and cravings; however,
this mechanism has not been adequately tested in the context of an actual smoking
cessation attempt. More research is needed to investigate the efficacy and feasibility
of various types of exercise, intensity, and frequency on the smoking cessation process.
For example, Marcus et al. (1999) have suggested that vigorous exercise provides high-
est cessation rates; but conversely, most smokers have never exercised regularly prior
to a quit attempt. Thus, exercise programs that are too vigorous or too frequent may be
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overwhelming during the cessation process and, as a result, satisfactory compliance
may not be achieved. Moreover, the literature is replete with confusion in the terminol-
ogy used to describe exercise intensity, and most studies overlap exercise intensity even
though they may be operationalized differently. That is, the ACSM established specific
heart rate ranges to coincide with exercise intensity labels (e.g., moderate, hard), but
researchers often used terminology (e,g,, vigorous exercise) inconsistent with NZSMs
labels for heart rate range. It was also more common for studies to report target heart
rate exercise training zones spanning only two exercise intensity levels (i,e,, moderate
and hard). Thus, it was difficult to determine actual training intensity or the relotive
percentage of subjects training at each intensity level in reviewed studies. Lastly, the
ACSM (2006) recently re-adjusted the target heart rate training zones corresponding
to exercise intensity labels. Consequently, studies conducted prior to 2006 may report
that subjects exercised at a moderate intensity, but by current criteria, many of these
subjects may actually have exercised at a light intensity. Therefore, the importance of
exercise intensity is unclear in the smoking cessation literoture partly due to study design,
inconsistent or inappropriate use of accepted exercise intensity descriptors, and the re-
categorization of exercise training heart rate zones and their associated descriptors.

It has been observed that similar cognitive mechanisms, such as self-efficacy, are
associated with both smoking cessation and increased physical activity (King, Marcus,
Pinto, Emmons, & Abrams, 1996), Interestingly, participants with high motivation to quit
smoking and increase exercise may hove higher drop-out rates, making it difficult to
determine the efficacy of the intervention. For example, drop-out was a problem in a
recent study by Stotts, Schmitz, and Grabowski (2003) where participants tried to quit
smoking ond drinking concurrently. Participants with high motivation for both changes
at baseline dropped out more frequently than those whose motivation in the beginning
was high for one behavior change only. Similarly, in those interventions where smok-
ing cessation and weight control were targeted concurrently, quitting smoking was not
very successful (Cheskin, Hess, Henningfield, & Gorelick, 2005; Hall, Tunstall, Vilo, &
Duffy, 1992), However, exercise interventions that were started some weeks before the
quit day seemed quite promising (Kinnunen et al,, 2008; Marcus et al,, 1999), There is
one interpretation of these data that has not been considered: It may be that targeting
two behaviors (i.e,, smoking and exercise) for change can only have additive effects
when one behavior supports the other. That is, exercise and smoking cessation may be
effective only when exercise serves to lessen withdrawal symptoms and cravings. Ac-
cordingly, this implies that combining treatments may be particularly useful for subsets of
smokers, and/or thot the exercise prescription may need to be very specific with respect
to frequency and intensity to facilitate smoking cessation. Lastly, independent of exer-
cise effects on smoking cessation, exercise may have health promoting qualities, such
as improved weight control, blood pressure control, and lipid and glucose metabolism,
which are all important in decreasing the total risk of morbidity, especially in smokers.
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EXERCISE AS A TOBACCO HARM REDUCTION STRATEGY
In tobacco control, harm reduction can be defined as an effort to reduce health harms
among continuing tobacco users, such as reducing toxins in tobacco smoke, promoting
conversion of smoking to smokeless tobacco, or long-term complete substitution of nico-
tine as replacement therapy for tobacco (Gray & hienningfield, 2006). Another harm
reduction strategy is decreased tobacco use—with or without conjoint use of NRT {Fiore
et a l , 2000). With the exception of medicinal nicotine products, no scientific evidence
exists that these harm reduction strategies reduce tobacco-related morbidity or mortality
(Godtfredsen, Prescott, Vestbo, & Osier, 2006; McNeill, 2004; Tennesen, 2002). It has
been suggested that a broader range of potentially effective harm reduction strategies
should be considered. A recent review suggested that regular exercise could potentially
be considered on additional harm reduction strategy (DeRuiter & Faulkner, 2006).

There are at least two types of smokers who may be targeted for harm reduction
via exercise interventions (DeRuiter & Faulkner, 2006): smokers who are not willing to
quit and smokers who are willing to quit but ore unable to quit abruptly (Fagerstrom,
2005). In reference to the health-promoting effects of exercise, it is logical to assume
that the detrimental effects associated with smoking could be partly offset through regu-
lar exercise. According to the review by DeRuiter and Faulkner (2006), exercise seems
to fulfill, at least partially, those criteria of a potential novel harm reduction approach
presented by hiatsukami, hienningfield, and Kotlyar (2004). Based on those criteria,
an innovative harm reduction approach should reduce the occurrence of disease and
death, not present additional health or safety risks, not reduce the likelihood of eventual
cessation, not increase the level of tobacco dependence, and allow smokers to become
free of tobacco. Concerning the last criterion, there is only slight evidence that exercise
as such would be effective in smoking cessation, hlowever, DeRuiter and Faulkner (2006)
considered that this criterion could be fulfilled via additional health benefits obtained
from exercise, as well as via beneficial effects on variables, such as stress, anxiety, and
weight concerns, which mediate smoking relapse.

CONCLUSIONS AND FUTURE DIRECTIONS
At present, there seems to be slight evidence that regular exercise would be more helpful
in long term smoking cessation in women in comparison to those more traditional cessa-
tion methods only. However, most intervention studies have been conducted with small
samples, using inadequate exercise interventions, and with inattention to compliance in
such a way that actual training effects may have been missed. Future research projects
should address these issues and determine if there are optimal combinations of exer-
cise and counseling to achieve better exercise adherence among smokers, particularly
women smokers. V/omen who continue to smoke tend to have several CVD risk factors
or health-compromising behaviors along with a lower socioeconomic status (Ruggiero,
Webster, Peipert, & Wood, 2003). The consensus data lead to several recommenda-
tions that are readily apparent. Smoking cessation treatments need to become more
readily available and accessible for all women so that they can experience the relatively
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immediate benefits of quitting. A program should be designed that is ultimately success-

ful for women's needs: It should identify and remove barriers preventing women from

utilizing treatments, offer social support, and address weight concerns and negative af-

fect, in addition to pharmacotheropy and standard smoking cessation counseling.

The aim of this paper was to comprehensively review findings regarding the efficacy

of exercise for smoking cessation and to report on the relationships and hypothesized

mechanisms mediating exercise and smoking cessation among women. We conclude

that the benefits of exercise regarding women's health in general, and especially re-

lated to CVD, are well established. However, more research should explore the role

of exercise in the treatment of tobacco dependence and other addictions. Moreover,

further research should not be restricted to only efficacy studies of exercise in smoking

cessation: It should also extend to the exploration of exercise as a harm reduction tool

for those women who are not able to permanently quit smoking. This line of inquiry may

also further research regarding the potentiol benefits of exercise in treatment or harm

reduction of other addictions.
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