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Does exercise aid smoking cessation?
A systematic review
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Abstract

Aims. To assess the effectiveness of exercise-based interventions in smoking cessation. Design. A systematic
review was conducted of articles published between 1980 and 1999. The review focused on randomized
controlled trials (RCTs) in which the specific effects of exercise on smoking abstinence were examined. The
primary dependent variable was smoking abstinence. Other studies which had both exercise programming as
an independent variable and smoking behaviour as a dependent variable are briefly discussed. Partici-
pants. The review included interventions targeting both healthy individuals and those with specific medical
conditions. Settings. The interventions were delivered in both community and inpatient sertings. Measure-
ments. Information extracted from each article included details of the participants, exercise and smoking
cessation programmes, control conditions, exercise adherence rates, length of follow-up and outcomes.
Findings. Of the eight trials satisfying our inclusion criteria, only two trials found a positive effect for
exercise on smoking abstinence. The others showed no effect. Conclusions. There is some evidence for
exercise aiding smoking cessation. Of the two trials finding a positive effect one was rigorously designed, the
other was found to have numerous methodological limitations. Trials showing no effect lacked sensitivity. This
was principally because of small sample sizes and inadequate measurement and control of exercise adherence.
There is a need for more rigorously designed studies in this area.

Introduction
Cigarette smoking is an important risk factor for

smoking cessation interventions need to be de-
veloped.

cardiovascular disease, cancer, hypertension and
premature mortality.! Stopping smoking pro-
longs life and reduces morbidity.? The majority
of attempts to stop smoking are made unaided,?
with a success rate (= 12-month continuous ab-
stinence) of around 2-4%.* Aided quit attempts,
particularly through a combination of be-
havioural counselling and nicotine replacement
therapy (NRT), can improve success rates, but
these remain low at around 18%.%> More effective

Exercise has been proposed as an aid for
smoking cessation.® In this review the terms ex-
ercise and physical activity will be used inter-
changeably and will refer to both life-style
physical activities, such as walking and garden-
ing, as well as more formal structured activities,
such as using a stationary cycle or rowing ma-
chine. The argument for using exercise in smok-
ing cessation is supported by evidence which
shows that exercise has a moderating effect on
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many of the variables negatively affected by nic-
otine withdrawal.” For example, exercise has
been shown to reduce nicotine cravings,® mood
disturbance,” sleep disturbance,' feeling tense,!!
subjective stress'? and post-smoking cessation
weight-gain.!> The weight control benefits of
exercise may be particularly relevant to women
smokers who frequently report fear of post-
cessation weight-gain as a motivation for contin-
ued smoking'® and for smoking relapse.!’
Exercise has also been shown to have a positive
effect on other factors that may protect against
smoking relapse, including perceived coping
ability’® and -self-esteem.!” In addition, being
physically active has many general health
benefits.!® This is notable for the smoker who
has quit,'*?! but is also the case for the continu-
ing smoker.??

Evidence from surveys indicates that levels of
physical activity are inversely related to smoking
rates.??> Smokers trying to quit are likely to be
more receptive to an active life-style than smok-
ers in general.>*?> Becoming more active has
been positively associated with both confidence
to maintain smoking abstinence?® and success at
stopping smoking.2%?” Other work shows a posi-
tive trend between avoiding relapse to smoking
and physical health and fitness.?® From this evi-
dence one might hypothesize that an exercise
intervention could act both to ameliorate nic-
otine withdrawal symptoms and to reduce the
probability of relapses.

In practice, exercise is routinely recommended
as an aid to smoking cessation by specialist
smoking clinics,?® by pharmaceutical compa-
nies®® and in national guidelines.?*2 However,
evidence from surveys would suggest that exer-
cise is not routinely recommended by physi-
cians.>**? In the present review we consider the
results of research trials which have examined
the contribution of exercise to smoking cess-
ation.

Methods

We reviewed studies published in refereed jour-
nals between 1980 and 1999. Studies written in
any language were considered. Computerised
searches were carried out using Medline, Psych-
Lit, Dissertation Abstracts and Sport Discus. Key
words included “smoking”, “smoking cessation”,
“exercise”, “physical activity” and “inter-
vention”. Further articles were identified

through manually reviewing reference lists,
through carrying out additional searches on key
authors, and through consultation with research
colleagues. Searches were concluded in June
1999.

Each paper was read and assessed following
established guidelines.>® Only those trials which
met the following criteria were considered to
have adequately addressed the question of
whether exercise aids smoking cessation, and
provide the focus for the systematic review: trials
in which (i) the specific effects of exercise on
smoking abstinence were examined; (ii) smoking
abstinence was the primary dependent variable;
(iii) smokers who wished to quit were targeted;
and (iv) subjects were assigned randomly to a
treatment or control condition by a process of
randomization. Other studies which had both
exercise programming as an independent vari-
able and smoking behaviour as a dependent vari-
able, but did not satisfy the specific inclusion
criteria, were not included but are discussed
briefly.

Due to a combination of the small number of
studies found, small sample sizes and differences
in study design and intervention, a formal meta-
analysis of the literature was not feasible. In-
stead, we present a systematic review of the
literature. Each report identified was reviewed
and categorized using a standard data extraction
sheet according to design, subject characteristics,
sample size, exercise programme, smoking cess-
ation programme, control conditions, rates of
exercise adherence, outcomes measures, length
of follow-up and findings.

Results

The literature search identified eight studies
which met the inclusion criteria (see Table 1).
Findings from the studies are presented accord-
ing to the following questions: (i) what is the
evidence for exercise-based interventions aiding
smoking cessation and (ii) how do variations in
design and intervention affect the outcomes?

Evidence for exercise aiding smoking cessation

We defined the efficacy of the intervention in
terms of the percentage of abstinent smokers at
post-treatment and follow-up in the treatment
group versus the controls. Two studies showed
significant differences in abstinence between a
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physically active group and a control group at end
of treatment.?%” One of these studies also showed
a positive effect for exercise on abstinence at both
the 3-month and 12-month follow-up points.
The other studies showed no effect for exercise on
abstinence.

In addition to comparing the exercise condition
with a control group two of the studies examined
the effectiveness of exercise versus nicotine
gum.’”3® No significant differences were re-
ported. One of the studies did not provide separ-
ate abstinence data for the experimental and
control groups, although it was reported that no
significant difference was found between the
groups.>®

Effect of variations in design and intervention on the
outcomes

General design considerations. Only two of the
studies had a sufficiently large sample size to have
adequate power to detect a difference of realistic
dimensions between the treatment and control
conditions.?®?” Several of the smaller studies
showed a trend for higher rates of abstinence in
the treatment condition compared with the con-
trols,10-42

In one instance the effect of the treatment may
have been compromised by the smoking cessation
programme being limited to a single counselling
session.*® In the other studies a cognitive be-
havioural cessation programme was provided for
both treatment and control conditions. In four of
the studies the exercise condition received more
staff contact time than the control, 37404143 Jead.
ing to the question of whether the outcomes for
abstinence were due to exercise alone or due to
additional professional support. The results of
one of the studies showing a positive effect for
exercise on smoking abstinence may have been
confounded by the exercise group receiving a
different cessation programme than the control
group.*’

One of the trials compared the combined effect
on smoking abstinence of four different exercise
interventions with the combined effect of two
different control interventions.*> In this study it
was not possible to relate outcomes for smoking
cessation to specific interventions.

Although the study by Taylor and colleagues??
satisfied all our inclusion criteria it differed from
the others in that the interventions were not
intended to initiate smoking abstinence but rather

to maintain abstinence in smokers following acute
myocardial infarction (AMI). Thus, the results
cannot be easily generalized beyond the context
of abstaining post-AMI smokers.

It has been recommended that a smoking cess-
ation programme should start before the quit date
and continue into the period of abstinence.*
However, only two of the trials did this.>**® With
the provision of more extensive cessation pro-
grammes the impact of the interventions may
have been more pronounced. Furthermore, none
of the studies described an intervention in which
the smoking cessation and exercise components
were integrated in such a way as to reinforce
exercise as a coping strategy for smoking cess-
ation.” For example, the potential for exercise to
be used to reduce cigarette cravings and other
withdrawal symptoms could have been made
more explicit.

Characteristics of sample. Demographic factors,
such as age, gender, weight, fitness level, socio-
economic status and occupation could influence
outcomes for both smoking cessation?® and exer-
cise behaviour.'®¥? One study compared out-
comes by gender, although no differences were
reported.” A number of the trials reported an
increase in fitness levels at the end of the treat-
ment period within the active condition.36:41:42
Two studies showed an increase in fitness for the
exercise conditions compared with the control at
end of treatment,*®*? another showed no differ-
ences at end of treatment or at a 4-month follow-
up.’® Fitness measures are useful as a
confirmation of exercise adherence. However, the
significance of changes in fitness in the context of
smoking cessation is debatable. Since exercise has
been shown to benefit psychological and general
health without increases in fitness,'®*® it is poss-
ible that exercise could aid smoking cessation
independently of any changes in physical capacity.

One trial reported a significantly smaller weight
gain for those in the exercise condition compared
with the controls at the end of treatment;?® how-
ever, those in the exercise condition by chance
weighed more than the controls at baseline, which
makes interpretation of the finding problematic.

None of the studies considered outcomes rela-
tive to occupation, socio-economic status or age.
It is possible that the relationship between demo-
graphic variables and outcomes was not explored
because of small sample sizes. All the studies were
North American, with only two studies recording
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ethnic status, and reporting a predominantly
caucasian sample.?¢*” Researchers must consider
whether these results can be generalised to other
national and ethnic populations, 7%

Aspects of exercise programming. In most cases
the exercise prescription was fitness-orientated,’!
recommending at least 30 min of exercise 3 days
a week at a vigorous intensity of between 70-
85% of maximal heart-rate. However, if exercise
is being used largely as a means of managing the
affective state and body weight of abstaining
smokers, rather than as a means of increasing
fitness, then an alternative recommendation for
short and frequent bouts of moderate intensity
activity may be the preferred option for both
psychological®*?>** and physical wellbeing.%%5
This recommendation is consistent with the US
Surgeon General’s (1996) guidelines for health-
benefiting exercise,?® although these were issued
after the publication of most of the papers dis-
cussed. '

Where a quit date was set, the exercise pro-
gramme began either before the quit
date®03841:42 o the quit date®”° or after the quit
date.?® For those beginning exercise either on or
after the quit date success rates may have been
hampered by the demand to cope simultaneously
with two major changes in health behaviour.?>%7
Furthermore, where the exercise programme
started after a period of smoking abstinence the
potential for exercise to moderate withdrawal
symptoms during this period was lost.®

Two studies entailed exercise programmes
lasting for less than 6 weeks.?”*? In these cases
the intervention may have been of insufficient
length to encourage long-term exercise adher-
ence. Most of the trials employed supervised,
group-based exercise supplemented by a home-
based programme. Where home programmes
were not provided.?®*!42 jt is possible that the
participants high level of dependence on super-
vised exercise may have reduced their level of
post-intervention activity.

The fact that only one of the studies provided
any post-intervention exercise programming3®
may also have reduced post-intervention exercise
adherence.”® However, it is not possible to draw
any conclusions about whether various aspects of
the intervention affected levels of exercise adher-
ence after the formal supervised programme
ended because none of the studies reported rates
of adherence for this period.
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Exercise adherence issues. During the treatment
period a range of behavioural methods were em-
ployed to improve adherence to the exercise
programme. Methods included self-monitor-
ing,"394%43  goal-setting,’*** reinforcement,?’
group activities,*** telephone follow-up in the
case of non-attendance,® remote monitoring of
heart rate*? and full supervision of facility-based
exercise.>*3 All the studies reported activity lev-
els for the treatment group during the treatment
period and with the exception of one study com-
pliance with the exercise programme was high.3®
Adherence rates may have been improved fur-
ther through providing a greater choice of physi-
cal activities® and through encouraging
moderate as well as vigorous exercise.®

Although some of the studies reported fitness
measures for the control group during the treat-
ment period,?***%3 only one of the investiga-
tions reported activity levels at this time.%
Therefore the relative increase in physical ac-
tivity in the treatment group versus any spon-
taneous increase in activity in the control group
could not be accurately monitored.

During the follow-up period none of the stud-
ies used behavioural techniques to encourage
regular exercise. Only one of the studies
recorded fitness measures at this time*? and none
reported levels of activity, making it impossible
to relate long-term abstinence rates with exercise
behaviour.

Psychological indicators. Although the majority
of the studies used psychological measures at
baseline, only one of them reported an investiga-
tion of changes in affect.?® This study found a
significant increase in Profile of Mood States
tension—anxiety scores for the active group
compared with the control at 4 months follow-
up.*® These findings are inconsistent with the
general consensus that exercise reduces mood
disturbance and anxiety.®®! Furthermore, no be-
tween-group differences on fitness measures
were reported at this time, suggesting that the
exercise group did not maintain the recom-
mended levels of activity. The reported effect on
psychological outcomes may have been caused
by extraneous variables which could not be con-
trolled for with such a small sample size.

Studies not satisfying inclusion criteria
The literature search revealed a number of trials
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which did not satisfy the specific inclusion cri-
teria, but had exercise as an independent variable
and smoking cessation behaviour as a dependent
variable. These studies fell into three broad cate-
gories.

Muluple independent and dependent variables. A
number of studies were identified in which exer-
cise was one element in a multiple risk factor
intervention, with smoking cessation behaviour
as one of a number of health-related out-
comes.5%7 The specific effects of exercise on
smoking cessation could not be determined due
to possible interaction and confounding between
levels of the independent variables. For example,
it is not possible to separate the effects on smok-
ing cessation due to a change in diet versus a
change in exercise habits.

Mulnple independent variables and a single de-
pendent variable. Four studies were found which
included multiple smoking cessation elements
one of which was exercise.?’!"" In these studies
the specific effects of exercise on smoking absti-
nence were not addressed.

Single independent variable and multiple depen-
dent variables. In some of the investigations the
objective was to increase levels of regular exer-
cise and examine changes in various health and
behavioural indices including smoking cess-
ation.” 8% A smoking cessation programme was
not provided, nor were records made of the
percentage of participants who were trying to
stop smoking. None of these studies found a
significant effect on smoking abstinence for the
active condition. From this evidence, and evi-
dence which shows a trend for lower rates of
abstinence for an exercise only condition versus
a combined exercise and cessation programme
condition,*® one could hypothesize that smoking
abstinence is unlikely to occur spontaneously as
a result of increasing levels of physical activity.

Discussion

A comparison of the studies was complicated by
differences in study design and intervention, and
by the relative paucity of research in this field.
There were marked variations between the stud-
ies in the length, type and timing of the exercise
intervention, in the design of the control con-
dition and cessation programme and in the de-

mographic factors recorded. In addition, there
was a general absence of data relating to the
physical activity levels of the control groups, and
of either group during the follow-up period. To-
gether, these factors restricted meaningful com-
parison of results between studies.

The findings presented in this review have
implications for future research in this field. One
of the first requirements for future work must be
to have trials with larger sample sizes. We have
calculated that a sample of three hundred smok-
ers would yield 80% power (p <0.05, two-tailed)
at post-treatment, to detect a difference in absti-
nence rates between treatment and control of
45% vs. 30%, which is broadly in line with the
size of effect for NRT.? For a 12-month follow-
up an even larger sample size would be required.

It is possible that a greater integration between
the smoking cessation and exercise programmes
may have enhanced abstinence rates. In future
research exercise could be presented more as a
self-control strategy as well as a means of in-
creasing fitness and general health and of manag-
ing body weight.* For example, in initiating
abstinence, exercise could be presented as a
strategy for managing withdrawal symptoms and
overcoming physical dependency. With regard to
relapse prevention, exercise could be presented
as a strategy which increases self-esteem and
pride in one’s health in such a way that being a
smoker is no longer an attractive option.?!

At what point should the smoker who is trying
to quit begin an exercise programme? In the
studies reviewed there was wide variation in the
timing of the exercise programme. Available evi-
dence supports the recommendation for changes
in exercise and smoking behaviour being sequen-
tial rather than simultaneous.?®’” It has been
argued that a physical activity programme should
begin prior to quitting, thereby allowing people
to adjust to the demands of being more active
before significantly changing their smoking be-
haviour.*? Elsewhere, it has been shown that
abstaining smokers are more confident about
adopting exercise than those preparing to quit,?*
which would support the notion of beginning an
exercise programme when already abstinent, al-
though delaying the start of the programme
would reduce the potential for managing with-
drawal symptoms.® Clearly, further empirical
work is required in order to ascertain the relative
benefits of initiating exercise at different points
in the cessation schedule.
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Conclusions

Only one of the eight trials reviewed offered
substantial evidence for exercise aiding smoking
cessation.*® However, the trials which did not
show a significant effect of exercise on smoking
abstinence lacked sensitivity because of numer-
ous methodological limitations. Further trials are
needed with larger sample sizes, equal contact
control conditions, tailored and life-style exercise
programmes and measures of exercise adherence
across the sample.

Further work is needed to unravel the relation-
ship between different levels and timings of exer-
cise intervention, and the effect on smoking
abstinence and on underlying processes such as
cravings for cigarettes and mood disturbance.
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