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The acute effects of exercise on cigarette cravings,
withdrawal symptoms, affect and smoking behaviour:
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ABSTRACT

Aim To review the effects of a single session of exercise on cigarette cravings, withdrawal symptoms and smoking
behaviour. Methods A systematic search and critical appraisal of all 14 relevant studies. Results All 12 studies that
compared a bout of exercise with a passive condition reported a positive effect on cigarette cravings, withdrawal
symptoms and smoking behaviour. Two other studies that compared two intensities of exercise revealed no differences
in outcomes. Single and multi-item measures of cigarette cravings, withdrawal symptoms and negative affect decreased
rapidly during exercise and remained reduced for up to 50 minutes after exercise. Effect sizes for seven studies that
assessed ‘strength of desire to smoke’ showed a mean reduction, 10 minutes after exercise, of 1.1 (SD 0.9). Four studies
reported a two- to threefold longer time to the next cigarette following exercise. Cravings and withdrawal symptoms
were reduced with an exercise intensity from as high as 60-85% heart rate reserve (HRR) (lasting 30-40 minutes) to
as low as 24% HRR (lasting 15 minutes), and also with isometric exercise (for 5 minutes). All but one study involved
participants temporarily abstaining for the purposes of the experiment. Distraction was probably not the primary
reason for the effects. Conclusions Relatively small doses of exercise should be recommended as an aid to managing
cigarette cravings and withdrawal symptoms. Further research to understand the mechanisms involved, such as stress
reduction or neurobiological mechanisms, could lead to development of more effective and practical methods to reduce

withdrawal phenomena.
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INTRODUCTION bout of exercise on cigarette cravings and withdrawal
. . . symptoms, and related variables, among those attempt-
Exercise has been recommended as an aid to smoking . . . . ]

. . o ing to quit smoking and among temporarily abstinent
cessation (e.g. [1,2]), predominantly through limiting

smokers.
weight gain (and fear of weight gain). Unfortunately, <t
studies designed to evaluate the effects of exercise, with
h a f ,h h ixed effect. ki -
such a focus, have shown mixed effects on smoking ces METHOD

sation [3,4]. Exercise may also play an important role in

the acute management of tobacco withdrawal symptoms
(e.g. depression, irritability, restlessness, poor concentra-
tion) and cravings that predict smoking relapse [5,6].
There has been a recent rapid growth in research on this
topic and there is a need to consolidate this work to help
guide future recommendations for exercise interventions
and research. This paper provides the first systematic
review of studies designed to assess the acute effects of a
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We conducted a systematic review using online searches
of the following electronic databases: Sport Discus
(1975-July 2006), MEDLINE (1992-January 2006),
PubMed (1966—January 2006), Web of Science (1945—
January 2006), EMBASE (1980-January 2006) and Psy-
cINFO (1887-January 2006). We also searched the
Cochrane Tobacco Addiction Group specialized register,
ETD Digital Library—Network Digital Library of Theses

Addiction, 102, 534-543


mailto:taylor@ex.ac.uk

and Dissertations, and Proquest Digital Dissertations up
to July 2006. Keywords included smoking, smoking ces-
sation, exercise, physical activity, craving and with-
drawal. We also hand-searched reference lists of relevant
articles and the 2001-05 annual meeting abstracts of
the Society for Research on Nicotine and Tobacco. For
further leads, requests for literature were posted on key
list-servers (SALIS, OTRU-NET, SRNT and Globalink), and
we e-mailed authors of publications on exercise and
smoking cessation interventions.

We included all studies assessing the acute effect of
exercise on cigarette cravings or withdrawal symptoms,
or affect, or smoking behaviour among smokers who
were temporarily abstinent or who were attempting to
quit. The search revealed 14 studies. Of these, 12 com-
pared an active and a passive condition and the remain-
ing two compared only different intensities of exercise.
Also, two studies were not published [7,8] and two were
published abstracts [9,10], but are considered in the
review due to their unique methodology. Three additional
studies were excluded from this review, as the focus was
not on smoking-related withdrawal symptoms or crav-
ings [11] or did not examine the effect of single bouts of
exercise [12,13].

A wide range of outcome variables was identified in
the studies, including single- and multi-item, and uni-
and multi-dimensional measures of cigarette cravings
(e.g. strength of desire to smoke), smoking-related with-
drawal symptoms and non-specific measures of mood
and affect (e.g. Profile of Mood States: see Table 1 for full
list), and dimensions of smoking topography or behav-
iour (e.g. time before smoking the next cigarette). The
overall findings, in terms of effects of exercise on different
outcome measures, will be presented first with a critical
appraisal of the methods used. This will be followed by a
critical discussion of the possible mechanisms involved,
and the implications for research and practice.

RESULTS

All 12 studies comparing an exercise and passive condi-
tion reported a positive effect on at least one key outcome
variable as shown in Table 1.

Cigarette cravings

Nine of the 10 studies [9,10,14-22] that compared the
effects of an active and passive condition on cravings
reported a significant reduction during and following
exercise. Only Daley and colleagues [23] failed to show an
effect, although with moderate effect sizes (ES) of 0.47—
0.74 at post-treatment assessments, this was due perhaps
to being underpowered.

The findings revealed a moderate to large acute effect
of exercise on smoking cravings, when comparing means
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(SDs) for the exercise and passive conditions at the post-
baseline assessments. The calculated ES for seven
randomized controlled studies (following temporary
smoking abstinence) that assessed ‘strength of desire to
smoke’ [24] peaked either during or soon after exercise.
ES ranged from 0.50 to 2.07 for five of the studies. One
other study involving 5 minutes of seated isometric exer-
cise had a peak ES of 0.29 [22]. At the other extreme, a
self-paced brisk 1-mile walk resulted in a peak ES of 4.6
[19], and the longest post-exercise effects. For the seven
studies, the mean ES at 10 minutes post-treatment (i.e.
the time-point when data were available from the seven
studies) was 1.1 (SD = 0.9).

Three studies compared directly the effects of intensity
of exercise on cravings and in only one case [15] were
there statistically significant differences. Cycling at
40-60% of heart rate reserve (HRR) for 5 minutes
reduced cravings compared with cycling at 10-20%
HRR. It is unknown if longer periods of exercise at the
respective intensities would have had the same effect.
Pomerleau and colleagues [25] and Everson and col-
leagues [26] reported no significant difference on crav-
ings between cycling at 80% versus 30% of VO;max (for 30
minutes), and between 55% versus 44% of age-predicted
maximal heart rate (for 10 minutes), respectively. The
Pomerleau study was underpowered with just 10 sub-
jects; a trend towards lower cravings in response to
higher intensity exercise was reported. Also, the partici-
pants had only 30 minutes of abstinence prior to treat-
ment, suggesting that baseline cravings may not have
been particularly high (they were not reported) and a
flooring effect may have masked any effects of exercise.
The absence of a significant difference in cravings
between the two intensities of exercise in the Everson
study seems due, probably, to the relatively similar exer-
cise intensities.

Physical activity of very low intensity and duration
(e.g. isometric exercise, stretching), compared with a
passive condition, has been shown to reduce cravings
[22]. Given that cravings can peak relatively quickly, such
exercise may be valuable as a temporary coping strategy,
particularly in situations where cardiovascular-type exer-
cise is impractical. In contrast, longer periods of low- to
moderate-intensity exercise (i.e. a 15-minute brisk walk
at 37%, 30% and 24%, of HRR; see [9,10,18,27]) have
been shown to reduce cravings significantly for as long as
50 minutes, even during demanding mental challenges
and in the presence of a lit cigarette.

Withdrawal symptoms

Eight of the nine studies [9,10,14-17,19,21,22] that
compared the effects of an active and passive condition
reported a significant reduction in at least two withdrawal
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symptoms during and following exercise. A fairly consis-
tent pattern of reductions of all symptoms during and
following exercise was reported, with a similar effect to
those reported above for measures of cigarette cravings.
Only Daley and colleagues [23] showed no beneficial
effect, using the Shiffman Withdrawal Scale [67], and that
was the only study not to use the Mood and Physical
Symptoms Scale (MPSS) [28]. Withdrawal symptoms
shown to be reduced by exercise include stress, anxiety,
tension, poor concentration, irritability and restlessness.

General mood and affect measures

Reeser [8] reported no reduction in state anxiety follow-
ing exercise (compared with a passive condition),
whereas three other studies [14,19,20] all reported
significant enhancement of mood and affect during and
following exercise. Bock and colleagues [14] reported
reduced negative affect, but no effect on positive affect
(using the Positive and Negative Affect Scale; PANAS).
Two studies [19,20] reported increased activation and
energy in response to exercise, respectively. In contrast,
the same two studies [19,20] reported reduced tension up
to 20 minutes post-exercise, and no reduction, respec-
tively. Taylor [19] also noted that reduced tension
appeared to mediate reductions in desire to smoke.

Smoking topography or behaviour

Four studies [8,10,17,20] reported that exercise signifi-
cantly increased the time to ad libitum smoking, by a net
time of 24 (ES=1.0), 8 (ES data not available), 57
(ES=1.2) and 35 minutes (ES = 0.85) for the four respec-
tive studies. In the Reeser study [8], after treatment the
passive control smoked an average of 7 minutes later, and
the stretch and isometrics group lasted an average of 31
minutes later. Interestingly, after moderate intensity
aerobic exercise the time to smoking was not extended
significantly. In the respective studies, in terms of time
since the last cigarette smoked, after the passive control
condition the first cigarette was smoked on average after
57, 59, 212 and 188 minutes (estimated from the
methods reported). The variation across the four studies
in net delay to ad libitum smoking (as a result of exercise)
is not easy to explain, as the four studies involved different
designs. The fact that the Reeser study [8] involved
heavier smokers (mean cigarettes = 23 per day) and a
moderate—vigorous exercise intensity, compared with the
Katomeri and Taylor studies [10,17] with 15 and 14 ciga-
rettes smoked per day, respectively, and a low—moderate
exercise intensity, may account for a shorter net effect of
exercise on smoking behaviour. Vigorous exercise may
elicit a stress response (due both to physiological demands
and cognitive threat appraisal) that could have less posi-
tive effects on smoking behaviour and cravings than less
intense exercise.
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One possible criticism of ‘net time to the next ciga-
rette’ as an outcome is that it does not account for com-
pensatory smoking behaviour (e.g. taking more puffs).
Only two studies [7,8] reported on other topographic
measures relating to this issue. Mikhail [ 7] reported that
two active conditions resulted in less time holding the
first cigarette smoked, and Reeser [8] reported that
stretching/isometrics resulted in fewer puffs on the first
cigarette smoked after exercise.

Responses to cue-elicited cravings

Only two studies have examined the effects of exercise on
cue-elicited outcomes. In the first [17,27], exercise
attenuated increases in strength of desire to smoke, the
MPSS items tension, stress and poor concentration and
blood pressure, in response to a lit cigarette, and restless-
ness in response to the Stroop task. In contrast, in the
second study [9,10], there were greater increases in
desire to smoke following exercise in response to a lit ciga-
rette, due most probably to a ceiling effect (i.e. the control
condition had high pre-cue cravings, thereby leaving less
scope for a cue-elicited change). Also, the first study
involved a smoking cue following demanding mental
challenges but the second did not. The combination of
stress and a smoking cue requires further investigation in
the context of an acute exercise study.

DISCUSSION

Clearly, a single session of exercise has an acute effect on
smoking behaviour, cravings, withdrawal symptoms and
affect, particularly in experimental settings. The magni-
tude of the reduction in cravings is encouraging and
comparable with, or in many cases exceeding, the acute
response to glucose and oral nicotine replacement
therapy (NRT) [30,31]. For example, West and colleagues
[30] showed a reduction in ratings of strength of desire to
smoke of up to 1.0 point on a sevenpoint scale for glucose
versus placebo; whereas, using the same scale, exercise
shows a mean reduction in ratings of desire to smoke,
compared with control, ranging from 0.7 points for 5
minutes of isometric exercise [22], to 4.6 points for a
1-mile brisk walk [18]. Also, exercise tends to show a
more consistent and rapid effect on cravings and with-
drawal symptoms when compared with studies of oral
NRT [15,31]. For example, in one of the most rigorous
studies, effects were not evident until 10 minutes after
taking the nicotine gum, relative to a placebo [32].

This section will provide a critical discussion on the
methodologies used and the probable mechanisms by
which acute exercise may be a useful aid to smoking ces-
sation. The implications for research and practice will be
highlighted throughout.
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The positive effects of exercise on smoking outcomes
have been observed for a range of smoker characteristics,
periods of abstinence, exercise characteristics, measures
and designs (all involving randomized controlled studies).
Only one study involved actual quitters [14], and
although it showed an acute effect of exercise on several
outcomes the study compared data collected during an
11-week intervention. Each week subjects provided data
before and after each session they attended, in either a
passive or physically active condition. Because it was
group-based, the exercise dose was poorly controlled,
with a wide variation in intensity and uncontrolled social
elements. All other studies in the review involved the
manipulation of temporary abstinence. Although this is
a common experimental procedure (e.g. [30]) the severity
of symptoms experienced may not correspond entirely to
withdrawal symptoms and cravings that are experienced
in a more natural environment [33]. The four studies
[8,10,17,20] to report the effects of exercise on ad libitum
smoking behaviour, following temporary abstinence,
may extend the generalizability of the findings some-
what. Nevertheless, further research is required to under-
stand the effects of exercise on lapses at different temporal
stages in the quit attempt, perhaps using ecological
momentary assessment (e.g. using electronic diaries)
[6,34], with larger sample sizes.

Only one study involved a researcher who was blinded
to the treatment condition (that was conducted by a
trained exercise leader in a different room [17,27]). Such
a methodological weakness across the studies reviewed
has the potential to elevate the strength of effects, but it is
encouraging to note that the one study to eliminate this
bias also showed the largest ES.

Given the relatively small number of studies and the
heterogeneous doses of exercise across those studies, it is
probably premature to consider the impact of methodol-
ogy on the findings. However, it would appear that the
effects of exercise are similar following brief or longer
periods of abstinence, and for moderate or higher levels of
baseline cravings. There is currently insufficient evidence
to support a linear or curvilinear relationship between
intensity of exercise (i.e. low versus moderate versus
high) and effect on cravings. The two studies [25,26] that
addressed this issue were not designed adequately, and no
conclusion can be drawn from a comparison across
studies involving different exercise intensities. Such evi-
dence is required, as it may help us to understand why
exercise is effective.

Possible mechanisms

It is important to consider why exercise has beneficial
effects. First, if a plausible mechanism can be shown
then this adds support for a causal effect. Secondly, by
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understanding how exercise has an effect on smoking out-
comes then more effective interventions and guidance
can be developed. A number of mechanisms could
account for why acute exercise appears to reduce crav-
ings and withdrawal symptoms, including distraction,
stress reduction (deactivation) and activation and

neurobiological mechanisms.

Distraction

At a high intensity, above what is termed the ‘ventilatory
threshold’ [35], exercise may induce greater cognitive
demand than at lower intensities. There may also be some
relatively low-intensity ‘mindful’ exercise (e.g. yoga, Tai
Chi, isometrics, stretching) that demands increased cog-
nitive focus (i.e. distraction from smoking). Ussher and
colleagues [22] reported that isometric exercise and a dis-
tracting ‘body scanning’ control condition had similar
effects on cravings. However, the isometric exercise (com-
pared with another passive condition) had relatively
modest effects and this study requires replication. In
other studies, following moderate intensity cycling, there
was a greater reduction in cravings and withdrawal
symptoms when compared with a distracting task (in a
control condition) [16,21]. Finally, one may expect that if
exercise reduces cravings and withdrawal symptoms by
distraction then the effects should dissipate quite quickly
after exercise. This does not appear to be the case, even
when other stimuli (e.g. mental challenges and a lit ciga-
rette) are presented [17], with cravings reduced for 50
minutes following exercise, compared with a passive con-
dition. In summary, distraction does not appear to be the
main mechanism by which exercise reduces cravings and
withdrawal symptoms.

Stress reduction and activation

An urge to smoke can be driven by the need for both
stimulation and relaxation. In order to understand this
phenomenon, known as Nesbitt's Paradox, Parrott [36]
recommended that a multi-dimensional understanding
of affect is useful in which changes in activation and
valence can occur independently and at the same time. If
an alternative to smoking can provide both reduced
tension and increased stimulation then it may mimic the
effects of tobacco. Taylor and colleagues [19] used the
two-dimensional Circumplex model of affect to reveal
that reductions in cravings following exercise were medi-
ated by reductions in tension rather than increases in
activation. However, further research is needed to induce
states of boredom and a desire for stimulation (that may
elicit an urge to smoke) to test if the activating property of
exercise [34] mediates reductions in cravings.

Stress can increase cravings and withdrawal symp-
toms [33] and contribute to relapse during attempts to

Addiction, 102, 534-543



quit [37,38]. Given that exercise can reduce responses
(i.e. negative mood and physiological arousal) to a stres-
sor [39,40], one may expect that stress-elicited cravings
and withdrawal symptoms may be attenuated by exer-
cise. One study [17,27] reported that a brisk walk did not
attenuate stress-induced increases in the subjective
responses but did attenuate blood pressure responses to
each task. Further research is needed to understand the
role of exercise in stress management during smoking
abstinence. Other, more potent, experimental and natural
stressors could be used that typically trigger cravings to
explore the effects of exercise.

The presence of a cigarette during abstinence has
been used widely to elicit cravings in experimental studies
[33] and may be due to the stress (and negative affect)
associated with not being able smoke. One study [17,27]
reported that cue-elicited increases (i.e. by handling a lit
cigarette) in strength of desire to smoke, stress and
tension and systolic blood pressure were attenuated fol-
lowing exercise. Further research is needed to explore the
acute effects of exercise on smoking-related cues, includ-
ing imagining smoking situations and the use of visually
presented smoking images (e.g. using virtual reality soft-
ware or photographs) in order to understand how exer-
cise may serve as an aid to smoking cessation.

In summary, there is some evidence that exercise
reduces cravings by its effect on stress (and negative
affect), but further research is needed to assess the involve-
ment of other psychological and physiological stress
markers (e.g. electromyograph (EMG); heart rate variabil-
ity; startle reflex, cortisol, eye movement and attentional
bias), perhaps involving even more challenging tasks.

Psychobiological mechanisms

Several psychobiological changes, such as increases in
B-endorphins, cortisol or opioids, may mediate the link
between engaging in exercise and affective responses
[41]. In the absence of any research on the neurobiology
of exercise in the context of substance misuse treatment
[42] it is important to refer briefly to current develop-
ments in the treatment of addiction to speculate how
exercise may work. It is generally acknowledged that
increases in dopamine activity (DA) within the mesolim-
bic system, originating in the mid-brain, mediates the
rewarding effects of most drugs of misuse, including
nicotine [43]. Pharmacological treatments for nicotine
addiction are effective by attenuating the rewarding
effects of cigarette smoking [44] and responses to a sub-
sequent nicotine challenge or cue [33].

Animal research has shown that exercise reduces
self-administered amphetamine [45], cocaine [46] and
ethanol [47]. Exercise also increases DA release into
the striatum of the rat [48,49], and this may be a key
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mechanism for reducing the appetite for drug administra-
tion. However, evidence of changes in regional brain acti-
vation in humans that might reflect exercise-related
facilitation of DA has not yet been shown [50].

The context of acute exercise and smoking cravings
and withdrawal symptoms offers an exciting opportunity
to study how exercise enhances mood and possibly
mimics the rewarding effects of smoking (and the use of
other addictive substances). Research is needed to iden-
tify the neurobiological mechanisms involved in the link
between exercise and cravings. This could involve exam-
ining how exercise moderates DA in response to cue-
elicited cravings.

Other ways in which acute exercise can aid smoking
cessation

Vigorous exercise can suppress appetite [51], which may
be important for smokers trying to avoid weight gain
during a quit attempt [52]. In the present review the only
study to assess the effect of exercise on self-reported
hunger (as a withdrawal symptom) reported no effect
[21], due possibly to less than vigorous intensity or a poor
experimental control of eating prior to the study. Further
research is needed on the possible effects of exercise on
hunger, appetite and food cravings, particularly when
faced with a more challenging environment for behav-
ioural self-regulation (e.g. stress and food cues following
fasting), during temporary smoking abstinence and
actual quit attempts.

Approximately 60% of all individuals involved in a
quit attempt experience some form of cognitive decline
[53]: for example, there is a greater number of non-fatal
accidents in the work-place reported on National Non-
Smoking day than any other day in the year [ 54]. There is
evidence that a single session of exercise can enhance
concentration [55]. In the present review, poor concen-
tration was reduced by exercise in all five studies in which
it was assessed [10,15,16,21,22]. Further research is
needed to determine if, using more rigorous measures of
different aspects of cognitive functioning (e.g. complex
decision making tasks, memory), exercise can enhance
functioning during smoking abstinence.

CONCLUSIONS

A review of 14 studies suggests that a single session of
exercise can be recommended as a smoking cessation aid
for regulation of cravings, withdrawal symptoms and
negative affect. Bouts of exercise may also be one strategy
for reducing cigarette consumption, thereby lowering
health risks for those unwilling or unable to quit [29] and
reducing the risk of progressing to regular smoking (and
other substance misuse) [3]. A relatively small dose of
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exercise in which most people can conveniently engage
appears to be sufficient. This line of research is in its
infancy. Further research is needed to determine if exer-
cise is equally effective in natural environments during
actual quit attempts, and to enhance our understanding
of the mechanisms involved in order to develop better
practice in promoting exercise for practitioners and
smokers [56].
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