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Chapter 1

Introduction, literature review and rationale

1.1 Introduction

Smoking cessation is important for the future health of young smokers, a half of
whom are predicted to die prematurely as a result of their habit if they continue
to smoke (Department of Health, 1998). Previous efforts at promoting smoking
cessation among young people have met with little success, and at best have
produced mixed findings, therefore new approaches that may demonstrate
success are needed. Among adults, physical activity and exercise have been
found to be successful cessation aids, but no research has investigated these
effects in younger smokers. This thesis describes a series of studies that
investigate the effects of an acute bout of exercise on strength of desire to
smoke and withdrawal symptoms, the determinants of regular physical activity
in young smokers, the feasibility of a physical activity consultation intervention
for increasing physical activity levels among young smokers, and- the

development and acceptability of physical activity prompts for young adults.

This chapter describes the health consequences of smoking and smoking
cessation, the rationale for young smokers as a target population for
intervention, nicotine addiction and dependence, and smoking cessation
approaches in general and in young people specifically. The role of exercise
within smoking cessation, and acute study and intervention study research will
also be discussed. There is also an overview of young people and physical
activity. Within this thesis, the term ‘exercise’ refers to purposeful bouts or

sessions of activity, and the term ‘physical activity’ is used to reflect any lifestyle



activity taken by an individual for reasons that may or may not include health

benefit.

1.2 Consequences of smoking and quitting

Cigarette smoking is the leading cause of death in the United Kingdom (UK),
responsible for 12% of all deaths worldwide (Gavin, 2004) and an estimated 12
deaths per hour on average in the UK, excluding deaths caused by second-
hand smoke (Twigg, Moon & Walker, 2004). If current smoking trends continue,
the annual worldwide mortality rate of 4 million could potentially rise to 10
million by the year 2030 (Satcher, 2001; World Health Organization, 1997).
Smoking is also associated with diminished quality of life due to the many
acknowledged smoking-related illnesses, including every type of cancer except
for skin cancer, cardiovascular, respiratory and digestive problems (Royal
College of Physicians: RCP, 2000), amputation due to peripheral vascular
disease (Mukherjee & Yadav, 2001), diabetes, cataracts, impotence and

reproductive problems (Musk & de Klerk, 2003).

Quitting smoking can prevent or reverse many of these health problems, and
thus increase life expectancy (Doll, Peto, Boreham & Sutherland, 2004). For
example, recent evidence suggests that smokers but not ex-smokers tend to
report poorer general health, physical functioning and mental health compared
with never-smokers (Laaksonen, Rahkonen, Martikainen, Karvonen & Lahelma,
2006). In 2002, 70% of British smokers expressed a desire to give up smoking,
and 70% of smokers intended to quit, however only 24% of smokers thought
they would definitely or probably not be smoking in a year’s time (Lader &
Meltzer, 2003). Furthermore, in 2002, 53% of smokers had made a serious quit

attempt in the previous five years, and 15% of smokers had made three or more



quit attempts over the previous year (Lader & Meltzer, 2003). Without cessation
aids, only between 2% and 5% of smokers successfully quit and remain
abstinent at 12 months (Hughes, Keely & Naud, 2004; West, McNeill & Raw,

2000).

1.3 Young people and smoking

Young people are at a pivotal stage of their lives, with regard to health
behaviour. Epidemiological evidence suggests that trends in smoking, physical
activity behaviour and sedentariness track over time from childhood and
adolescence into adulthood (e.g., Steptoe et al, 2002). The lifelong health
consequences of smoking in adolescence and young adulthood, and continuing

to smoke, can be severe. To put this in perspective,

For every 1000 20-year-old smokers it is estimated that while one will be
murdered, six will die in motor accidents, 250 will die in middle age from
smoking, and 250 will die in old age from smoking (Department of Health,

1998).

From a public health perspective, therefore, young smokers are an important
population to target with smoking cessation interventions. Very often, the
beliefs of young people may preclude any perceived need for smoking
cessation. For example, in a UK Government survey, young smokers (aged 16-
24) were the least likely of all the age groups to believe that smoking was the
main cause of premature deaths in the UK (Lader & Meltzer, 2003). Although
adolescent smokers often perceive that the health consequences of smoking
will occur a long way into the future (Jamieson & Romer, 2001; Slovic, 2000),
some evidence has suggested that the health impact of smoking may begin

much sooner in life. Alarmingly, a recent longitudinal study followed smokers



over the course of seven to 15 years, and found that those who regularly
smoked as adolescents and young adults were significantly more likely to have
smoking-related cancer, cardiovascular diseases, and peptic ulcer before
middle age compared with their never-smoking peers (Hozawa et al, 2006).
Adolescent smokers are also two to three times more likely to suffer from
respiratory complaints, such as shortness of breath and excess phlegm, than
their non-smoking peers (Tonnesen, 2002). In addition, adolescent smokers
are more likely to develop dependence on other substances, notably cannabis
(Patton, Coffey, Carlin, Sawyer & Wakefield, 2006). Besides the well-
documented long-term health problems associated with smoking tobacco,
cigarette smoking has been found to have other less serious but more
immediate physical consequences. For example, Stice and Martinez (2005)
identified that smoking led to restricted growth among adolescent girls over a

period of three years, compared with growth in non-smoking girls.

1.3.1 Prevalence of smoking in young people

Young people are the only population among whom smoking rates are still
increasing (Twigg et al, 2004). Recent smoking rate data indicates that 11% of
11-15 year olds are regular smokers, with half of those aged 11-15 having
smoked at some point, and 31% of 16-19 year olds are smokers, smoking an
average of 72 cigarettes per week (Department of Health, 2000). The
foundations for many lifetime health behaviours are laid down in adolescence,
including exercise (Daley, 2002; Trudeau, Laurencelle, Tremblay, Rajic &
Shephard, 1999) and smoking (Colby, Tiffany, Shiffman & Niaura, 2000; Kelder,
Perry, Klepp, Lytle, 1994). Adolescent smokers often become the adult
smokers of the future; for example, around half to a quarter of current smokers

in 1999 started before the age of 16 (Department of Health, 2000). Moreover,
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the health risks of smoking appear to be increased if smoking is initiated earlier
in life. For example, the Department of Health (1998) report that the likelihood
of death from cancer is three times greater among smokers who initiated their
habit in their teens than among those who took up smoking in their twenties.
Thus, a reduction in the number of young smokers is a priority on the

Government’s health agenda (Department of Health, 1998; 2004a).

1.4 Addiction to smoking tobacco

Nicotine addiction is widely regarded as responsible for the low success rates in
attempted cessation (RCP, 2000). According to the DSM-IV (American
Psychiatric Association, 1995) and the ICD-10 (World Health Organization,
1992) classification systems, symptoms of substance abuse or addiction
include: using a greater amount than was originally intended; a strong desire to
use the substance; difficulty or lack of success in controlling or decreasing use;
spending much time obtaining, using, and recovering from substance use;
prioritising the substance use over other important social, recreational and
occupational commitments; continuing to use the substance despite suffering
problems relating to it; tolerance to the substance; and withdrawal in the
absence of the substance. Withdrawal symptoms and cigarette cravings are
two commonly measured indicators of addiction to smoking, with the withdrawal
symptoms of nicotine addition encompassing irritability, anxiety, restlessness,
dysphoria/depressed mood, poor concentration, increased appetite and/or
weight gain, sleep disturbance, decreased heart rate, and craving, desire or

urge to smoke a cigarette (Shiffman, West & Gilbert, 2004).

Nicotine is believed to elicit pleasurable sensations in the smoker by acting on

the mesolimbic dopamine pathway. Once in the brain, nicotine encourages



dopamine release in the nucleus accumbens, a brain area where the nicotinic
receptor, a type of acetylcholine receptor, is abundant (Brody et al, 2004;
Clarke, 1998). Although the quantity of dopamine released in the nucleus
accumbens is lower than the amount released as a result of using cocaine,
when it binds to the nicotinic acetylcholine receptors, nicotine causes similar
activation patterns in the nucleus accumbens to those of cocaine. In addition to
encouraging dopamine release, cigarette smoking is also known to stimulate
the release of endogenous opioids within the brain (Pomerleau, 1998), which
can also elicit an experience of pleasure. Cigarette smoking is the most
effective delivery system of nicotine, reaching the brain in less than 10 seconds
through inhalation, via the lungs and circulatory system (RCP, 1992). It is
thought that this system of rapid reward makes nicotine addiction so difficult to

conquer (RCP, 2000).

Despite a typically low tobacco intake and irregular smoking patterns, research
indicates that adolescent smokers are dependent on nicotine and experience
withdrawal symptoms and desire to smoke (DiFranza et al, 2002a,b;
O’Loughlin, Kishchuk, DiFranza, Tremblay & Paradis, 2002; Prokhorov et al.,
2001), which can be a barrier to cessation. If the prevalence of cigarette
smoking and problematic nature of tobacco withdrawal among adolescents are
considered in light of the health risks posed by tobacco, adolescent smoking
has become a serious public health issue. Consequently, a successful
adolescent smoking cessation intervention strategy, which can effectively
combat withdrawal symptoms, undesirable affective responses and desire to

smoke, would appear to be an important avenue of research.



1.5 Smoking cessation approaches

Smoking cessation techniques aim to increase quit rates in two ways; by
attempting to reduce cravings and withdrawal symptoms on the one hand, and
by increasing motivation to quit and remain abstinent on the other, and the two
methods can be complimentary (RCP, 2000). Pharmacological approaches
such as nicotine replacement therapy (NRT) and bupropion can alleviate
withdrawal symptoms and cravings, whereas behavioural counselling
approaches can increase motivation to quit and remain abstinent. The
cessation succes’s rates of quitting unaided can be increased to 15-20% using a
combination of behavioural counselling and NRT or bupropion (West et al,

2000).

Six types of NRT are available at present: transdermal patch (16 hour and 24
hour), chewing gum (2mg and 4mg), inhalator, nasal spray, lozenge and
sublingual tablet, and there is no evidence to suggest that one type of NRT is
more efficacious than others (West et al, 2000). According to a Cochrane
Library review of the efficacy of NRT (Silagy, Lancaster, Stead, Mant, & Fowler,
2004) and two recent meta-analyses (Etter & Stapleton, 2006; Hughes,
Shiffman, Callas, & Zhang, 2003), NRT can increase a smoker's chances of
quitting by double, regardless of the setting, or form of NRT. Only one in five
smokers use NRT as an aid to smoking cessation however, due to concerns
about cost, safety and efficacy, and inadequate nicotine dosage strength
(Cummings & Hyland, 2005). In addition, despite nicotine being the main
psychoactive substance in tobacco, the speed of nicotine delivery provided by
cigarettes makes them a much more effective means of nicotine delivery than
any NRT product (RCP, 2000). The anti-depressant bupropion (brand name

Zyban) contains no nicotine, and acts by inhibiting the re-uptake of dopamine
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and noradrenaline. Continuous abstinence rates (at 6 and 12 months) are two
to three times higher with bupropion compared with placebo (Martinez-Raga,

Keaney, Sutherland, Perez-Galvez, & Strang, 2003; Richmond & Zwar, 2003).

In addition to pharmacological treatment, psychological smoking cessation
support includes motivation, support and advice in the form of self-help
materials, individual counselling, and group therapy. Self-help materials
providing advice and information have been more successful in increasing quit
rates than no intervention, but did not provide an additional effect on cessation
when used in conjunction with NRT or professional advice (Lancaster & Stead,
2005a). Individual behavioural smoking cessation counselling has been found
to be more successful than a minimal behavioural intervention for quitting
smoking, however this effect was not present in trials where all participants
(intervention and control) received NRT (Lancaster & Stead, 2005b). Likewise,
group behaviour therapy programmes have been documented to be more
effective than self-help interventions and no-intervention controls, and similarly
effective to individual counselling interventions, despite the additional

component of mutual peer support (Stead & Lancaster, 2005).

Worksite and community cessation interventions have also been evaluated. For
worksite interventions, the traditional methods of individual counselling, group
counselling and NRT were effective for increasing the likelihood of cessation
compared with no or minimal treatment, whereas self-help interventions were
more effective than no intervention, but were less effective than individual or
group counselling, and NRT (Moher, Hey & Lancaster, 2005). The Cochrane
Library review by Moher et al (2005) did not reveal any evidence that worksite-
specific approaches, such as incentive schemes, comprehensive approaches,

or workplace tobacco bans are effective for smoking cessation in the long-term.
8



While the approach of multiple-channel community-targeted interventions may
be intuitively appealing, an additional Cochrane Library review of community
interventions has identified no differences between intervention and comparison
- communities, on smoking rates (Secker-Walker, Gnich, Platt, & Lancaster,
2002). Further, the evidence is inconclusive as to whether smoking cessation
interventions delivered to customers by community pharmacy personnel can be
effective in increasing quit rates compared with usual pharmacy support

(Sinclair, Bond, & Stead, 2004).

1.5.1 Smoking cessation interventions in young people

Recent research has suggested that typical health promotion based cessation
interventions (e.g., information leaflets, peer influence programmes, incentive
programmes, and other behavioural interventions) are largely ineffective in
young people and, at best, have shown mixed findings (e.g., Camenga & Klein,
2004; Garrison, Christakis, Ebel, Wiehe, & Rivara, 2003; Grimshaw & Stanton,
2006; Mermelstein et al, 2002; Schofield, Lynagh & Mishra, 2003; Sussman,
Lichtman, Ritt & Pallonen, 1999). NRT (versus placebo) has also been
unsuccessful thus far in increasing cessation rates among adolescents,
although it can alleviate withdrawal symptoms and cravings (Camenga & Klein,
2004). However, at least among adult smokers, physical exercise as a smoking
cessation intervention has recently received some attention, and positive results
have been reported (Taylor & Ussher, 2005; Ussher, 2005). Exercise may also
prove to be a useful adjunct to adolescent smoking cessation programmes; for

example, through reducing the desire to smoke and withdrawal symptoms.



1.6 The role of exercise in smoking cessation

Several cross-sectional studies have reported a negative association between
physical activify and smoking behaviour in both adults and young people (e.g.,
Aaron et al, 1995; Emmons, Marcus, Linnan, Rossi, & Abrams, 1994;
Thorlindsson & Vilhjalmsson, 1991), and epidemiological evidence has
suggested an association between smoking and sedentariness that tracks over
time from childhood and adolescence into adulthood (Steptoe et al, 2002). In
addition, prospective research has found that adolescents with higher physical
activity levels are less likely to progress to smoking or increase their smoking
behaviour than their less active peers (Audrain-McGovern, Rodriguez & Moss,
2003). Physical activity may potentially appeal to adolescents and young adults
as an aid to smoking cessation because it is cost-effective and would not

require them to learn any additional skills.

1.6.1 The benefits of exercise as an intervention

Traditional smoking cessation interventions are less likely to provide additional
benefits in terms of the physical, functional and mental health of smokers
attempting to quit, in the way that exercise can (deRuiter & Faulkner, 2006). In
addition, many smokers gain weight or fear weight gain while quitting, and
unlike other interventions, exercise can assist in reducing the amount of weight
gained (Marcus et al, 1999). Given that many common smoking cessation
treatments (e.g. cognitive behavioural therapy and hypnosis) can be expensive
and are often in short supply, there is much to commend potentially more cost-

effective and wide-reaching strategies, such as physical activity.

Exercise can be self-sustaining in that it can be maintained by individuals once

the basic skills have been learned (Hillsdon, Foster, Naidoo & Crombie, 2004;
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Martinsen, 1993), with no reliance on a therapist. Exercise can also be flexible,
in that most individuals can perform some form of basic exercise or physical
activity whenever they choose (e.g., taking a brisk walk, or performing seated
isometric exercises while at work), on a momentary basis. This is a particularly
valuable quality of exercise because cigarette cravings and urges to smoke are
often experienced on a momentary basis, and these impulses can directly
influence action and have the ability to over-ride any plans that may have been
made not to smoke, according to the recently published PRIME theory (Plans,
Responses, Impulses/inhibitory forces, Motives, and Evaluations; West, 2006).
Therefore, the very moment that an urge to smoke is experienced, an individual

could theoretically take instant action in the form of exercise.

The main adverse side effect of NRT is a local irritation at the site of nicotine
delivery (e.g., skin, mouth, and nostrils, for patches, oral products and nasal
spray respectively), and the adverse side effects of bupropion are dry mouth,
sleeping problems, headache and very rarely, seizures (McEwen, Hajek,
McRobbie & West, 2006). In comparison, the adverse side effects of exercise
are minimal, and exercise is suitable for those who are not suited to or who
prefer not to access pharmacological cessation treatments; for example,
pregnant smokers (deRuiter & Faulkner, 2006). The psychological benefits of
exercise are many, including improved mood, decreased stress and anxiety, a
reduction in clinical depression and risk of depression and improved self-
esteem (Biddle; Fox & Boutcher, 2000; Faulkner & Taylor, 2005; Landers &
Arent, 2001; Lawlor & Hopker, 2001; Reed & Ones, 2006). Even if an individual
continues to smoke, adopting a more active lifestyle can reduce the harm
caused by smoking, by improving health and delaying smoking-related

morbidity and mortality (deRuiter & Faulkner, 2006). For example, a recent

11



meta-analysis has suggested that engaging in leisure-time physical activity can

lower the risk of developing lung cancer (Tardon, et al, 2005).

1.6.2 Possible mechanisms for the exercise effect

There are several mechanisms through which exercise may possibly aid
smoking cessation by reducing cigarette cravings and withdrawal symptoms,
including psychobiological mechanisms, distraction, and stress reduction and
activation, (Taylor, Ussher & Faulkner, 2007). Testing the effects of these
postulated mechanisms on the exercise-craving relationship is not the purpose
of this thesis, however it is important to consider these mechanisms when

conducting research in this field.

Exercise has been shown to act upon the same psychobiological mechanisms
as cigarette smoking. There is evidence that exercise can trigger the release of
dopamine (Meeusen et al, 2001; Sakai et al, 1995) and endogenous opioids
such as beta-endorphins (Angelopoulos, 2001; Goldfarb & Jamurtas, 1997).
The release of these pleasure-inducing brain chemicals is also stimulated by
smoking (Brody et al, 2004; Clarke, 1998; Pomerleau, 1998). To date,
however, the implication of these psychobiological mechanisms in the exercise
effect on cravings and withdrawal symptoms has yet to be empirically

demonstrated.

Second, the distraction hypothesis (Morgan, 1997) postulates that certain forms
of exercise (in particular those that exceed the ventilatory threshold, or that
require increased focus or attention, such as isometric exercise) may be
sufficiently cognitively demanding to provide a distraction from withdrawal
symptoms and cravings. Again, little research has directly examined this

postulation, and present evidence suggests that distraction is unlikely to be the

12



primary mechanism responsible for the exercise effect (Daniel, Cropley & Fife-

Schaw, 2006).

Third, Nesbitt's Paradox (Parrott, 1998) postulates that cigarette cravings are
caused by simultaneous paradoxical changes in affect, namely increased
activation or stimulation, and reduced tension, or increased relaxation.
Therefore, any cessation aid (e.g., physical activity) should also be able to
provide increases in stimulation and reductions in tension. Research into this
phenomenon is, again, in its infancy, and has, however, only provided partial
support for Nesbitt's Paradox. The only study to examine the mediating effects
of affective valence and activation (using the Circumplex model of affect;
Ekkekakis & Petruzzello, 2002; Russell, 1980) suggested that the reduction in
cravings following a bout of exercise was mediated by reductions in tension, but

not by increases in stimulation (Taylor, Katomeri & Ussher, 2006).

1.6.3 Acute exercise intervention studies

Research that has specifically examined the effects of exercise and physical
activity in smokers has, to date, been conducted largely with adults, and two
main types of study have been conducted: those investigating the effects of an
acute bout of exercise on cravings (desire to smoke), withdrawal symptoms and
mood during temporary abstinence; and those measuring the impact of exercise
or physical activity as an adjunct to a smoking cessation programme on
cessation rates. Collectively, these two bodies of research provide a promising
evidence base in support of the role of exercise or physical activity within

smoking cessation programmes among adults.

In smokers making a quit attempt, relapse to smoking can be reliably predicted

by desire to smoke (Shiffman et al, 2004), therefore focusing on this outcome
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with regard to exercise may be considered an important public health question
and may eventually form an important component of a smoking cessation
intervention. Fourteen studies to date (within a rapidly expanding body of
literature) have examined the effects of an acute bout of aerobic exercise on
mood or affective state, desire to smoke and withdrawal symptoms in
temporarily abstaining adult smokers (Daley, Oldham & Townson, 2004; Daniel
et al, 2006; Daniel, Cropley, Ussher & West, 2004; Katomeri & Taylor, 20053,
2005b; Mikhail, 1983; Pomerleau et al, 1987; Reesor, 1983; Taylor & Katomeri,
2006; Taylor, Katomeri & Ussher, 2005, 2006; Thayer, Peters, Takahashi &
Birkhead-Flight, 1993; Ussher, Nunziata, Cropley & West, 2001; Ussher, West,
Doshi, & Sampuran, 2006; Table 1.1 provides a summary of the acute study
research). An additional study also considered the acute effects of exercise on
desire to smoke and withdrawal symptoms on abstaining smokers participating
in an exercise intervention as an aid to smoking cessation (Bock, Marcus, King,

Borelli & Roberts, 1999).

Despite some variation in methodologies, measurement scales, exercise
parameters and smoker populations, acute benefits in the form of reductions in
withdrawal symptoms, negative affect and desire to smoke have been
consistently reported. Various doses of exercise have produced reductions in
desire to smoke and withdrawal symptoms, and improvements in mood. Bock
et al (1999) found reduced desire to smoke, withdrawal symptoms and negative
affect, for all weeks following the quit date, pre-post 30-40 min of vigorous
exercise (60-85% HRR) versus a contact control (wellness session), each of
which were conducted three times a week over the course of 11 weeks.
Subsequent research has since demonstrated the efficacy of much smaller (and

possibly more acceptable) doses of exercise among abstaining smokers.
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Regarding moderate intensity exercise (40-60% heart rate reserve; HRR), a 10
min bout reduced withdrawal symptoms and desire to smoke for up to 10 min
after exercise compared with both passive waiting and watching a video
(Ussher et al, 2001), and compared with passive waiting and a cognitive
distraction task (Daniel et al, 2006). Furthermore, Daniel et al (2004) found that
as little as 5 min of moderate intensity cycle ergometry (mean rating of
perceived exertion (RPE) of 13.3, and 40-60% HRR) produced a reduction in
withdrawal symptoms and strength of desire to smoke compared with passive
waiting and 5 min of very light intensity exercise (mean RPE of 8.7, and 10-20%

HRR).

Light intensity exercise has also been found to be effective. Early research in a
natural setting identified that a brisk self-paced 5 min walk reduced the urge to
smoke versus control (5 min of inactivity) and increased self-reported energy
and time to the next cigarette on 6 occasions of each, over a 12-week period
(Thayer et al, 1993). More recently, light intensity exercise for 1 mile (mean
duration 18 min, mean 25% HRR, mean RPE 10.9) reduced desire to smoke for
up to 20 min afterwards, and reduced tension and increased affective valence
and activation immediately after exercise, compared with a passive control
(Taylor et al, 2005; 2006). Furthermore, 15 min of light intensity exercise (mean
24% HRR, mean RPE 10.8) reduced desire to smoke, withdrawal symptoms,
systolic and diastolic blood pressure response to stressors and increasé lag
time before the next cigarette, compared with a passive condition, even when

exposed to smoking cues (Katomeri & Taylor, 2005a, 2005b).

In terms of exercise mode, positive effects on desire to smoke, withdrawal
symptoms and mood have been detected using cycle ergometry at a moderate

intensity (40-60% HRR) for 5 and 10 min (Daniel et al, 2004; Daniel et al, 2006;
21



Ussher et al, 2001) but not at a light intensity (10-20% HRR) for 5 min (Daniel et
al, 2004). Meanwhile, a self-paced brisk treadmill walk at a light intensity (24-
25% HRR) for 15 min or 1 mile has been beneficial not only for desire to smoke
and withdrawal symptoms (including in the presence of smoking cues), but also
for blood pressure response to stressful tasks (Katomeri & Taylor, 2005a,b;
Taylor & Katomeri, 2006; Taylor et al, 2005; 2006). Finally, in addition to
aerobic exercise, 5 min of seated isometric exercise has been beneficial in
reducing desire to smoke for up to 5 min after exercise, relative to both a
passive control condition and a body scanning control condition (Ussher et al,
2006). Thus, many modes of exercise can help control cravings and withdrawal

symptoms during abstinence, even when smoking cues are present.

Two studies can be identified that examined the mechanisms of the exercise
effect on desire to smoke and withdrawal symptoms (see section 1.6.2 for a
more detailed discussion of the mechanisms). Taylor et al (2006) found the
reduction in desire to smoke induced by exercise to be mediated through
reduced tension but not increased affective valence, in partial support of
Nesbitt's Paradox, using the Circumplex model. To investigate the possibility of
distraction -as a mechanism, Daniel et al (2006) compared exercise to a
cognitive distraction task and a passive control condition. Daniel and
colleagues found that the reduction in desire to smoke induced by exercise was
not a consequence of distraction; the cognitive distraction task did not reduce
desire to smoke and indeed increased the salience of some withdrawal

symptoms.

While these studies have provided encouraging evidence regarding the role of
exercise, we should also be mindful that a number of methodological limitations

existed. For example, in each case, temporary abstinence was manipulated by
22



the researcher, rather than being investigated using smokers abstaining during
a real quit attempt; and with the exception of Taylor et al (2006) and Daniel et al
(2006), most studies have been conducted in an atheoretical context, with little
attempt to explain the mechanisms of the exercise effect on desire to smoke
(Taylor & Ussher, 2005; Taylor et al, in press). From a statistical perspective, it
is interesting to note that many of these studies adopted a significance level of p
< 0.05, without a Bonferroni correction, despite the measurement and analysis
of multiple outcome variables, across two or three groups, at numerous time

points, thus increasing the possibility of a Type | error.

It is also important to note that some acute studies did not find the expected
effects on smoking withdrawal and craving measures. Two early unpublished
studies (Masters theses) failed to find an effect of moderate-to-vigorous aerobic
exercise on subsequent smoking behaviour, in a well-controlled environment
where participants were unaware that their post-condition smoking behaviour
was being monitored. Mikhail (1983) compared 10 min of stationary cycling at
130-135 bpm, at 160-165 bpm and quiet reading on subsequent smoking rate,
time to first cigarette, and the duration and puff frequency of the first cigarette,
and found that the first cigarette was smoked sooner for both exercise
conditions compared with control. Reesor (1983) compared 13 min of
stationary cycling at 60% HRmax, 20 min of stretching and 20 min of quiet
reading on anxiety levels, time to first cigarette, duration and puff frequency of
the first cigarette, and found that only the stretching group had a lower puff

frequency and greater time to first cigarette, compared with control.

In the earliest published study, Pomerleau et al (1987) found no benefits of a 30
min bout of vigorous intensity stationary cycling (80% VO.max) compared with

a 30 min bout of light intensity stationary cycling (30% VO,max), only identifying
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a significant increase in perceived tiredness for vigorous exercise. There was,
however, a non-significant trend towards a decrease in cigarette cravings for
the vigorous exercise group compared with the light exercise group. More
recently, Daley et al (2004) found no benefit of 20 min of moderate intensity
stationary cycling (60-65% HRmax) compared with 30 min of watching a
smoking cessation video, the only significant effect being an increase in
negative affect in the control group, probably due to the content of the video. It
is possible that the Daley et al (2004) study did not contain a sufficient sample
size to be able to detect an effect, as the sample size was very small and a
between-groups design was used, with only eight participants in each group (N

= 16).

While numerous studies have focused on adult smokers, no studies to date
have focused on young people when examining the effect of an acute bout of
exercise on desire to smoke, withdrawal symptoms and mood states. Studies
focusing on the acute effects of exercise in young people in their late teens and
early twenties have demonstrated the effectiveness of a single bout of exercise
for improving mood (e.g., Bartholomew & Miller, 2002; Petruzzello, Jones &
Tate, 1997; Toskovic, 2001). Therefore, drawing from previous research in this
field, coupled with the literature involving adult smokers, it is reasonable to
assume that an acute bout of moderate intensity exercise may also positively
influence affective responses in young smokers, as well as reducing their

cigarette cravings and withdrawal symptoms.
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1.6.4 Chronic exercise intervention studies

There is a growing body of evidence to suggest that exercise can reduce
relapse rates among adult smokers attempting cessation (Taylor & Ussher,
2005; Ussher, 2005).. Vigorous intensity exercise and moderate intensity
exercise (including counselling to promote moderate intensity exercise) have

been assessed within smoking cessation contexts.

Studies reporting regular vigorous intensity exercise as an adjunct to smoking
cessation have generally reported positive findings. Marcus and colleagues
(Marcus, Albrecht, Niaura, Abrams & Thompson, 1991; Marcus et al, 1995;
Marcus et al, 1999) found that smoking cessation treatment plus supervised
vigorous exercise (70-85% maximum HR, or 60-85% HRR) three times a week
for 12-15 weeks resulted in improved quit rates and maintenance of cessation
(for up to 12 months post-cessation; Marcus et al, 1999) compared with
smoking cessation treatment with a health education contact control (Marcus et
al, 1995; 1999), among women. The exercise and contact control sessions
commenced three weeks prior to the smoking cessation treatment. Moreover,
this type of exercise intervention has been found to improve the fitness of
women during smoking cessation (Albrecht, Marcus, Roberts, Forman & Parisi,

1998), and decrease weight gain post-cessation (Marcus et al, 1999).

The efficacy of moderate intensity exercise in aiding smoking cessation is less
clear-cut, however. In a large trial of female sedentary smokers, Marcus et al
(2005) found moderate exercise (50-69% maximum HR or 45-59% HRR) five
times a week (consisting of one supervised and four lifestyle sessions, totalling
165 min per week) for eight weeks increased quit rates at 3 months post-

intervention (as measured using 7-day point-prevalent abstinence) compared
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with a wellness programme contact control. No differences, however, were
found between the groups at three months on continuous abstinence, nor at 12

months on either 7-day point-prevalent abstinence or continuous abstinence.

Ussher, West, McEwen, Taylor and Steptoe (2003) compared the effects of
exercise counselling versus a health education control on smoking cessation,
within a community-based cessation clinic. There were no group differences in
continuous abstinence at six-week follow-up, however among only those who
attended their quit day, the exercise group were more likely to remain abstinent
than the control group at one and two weeks. Further research into the impact
of exercise counselling on smoking cessation is needed, because individuals
are more likely to continue to lead an active lifestyle after the end of an
intervention with a counselling component than following an intervention
consisting solely of fixed sessions of regular exercise (Hillsdon et al, 2004;

Loughlan & Mutrie, 1995; Martinsen, 1993).

Although positive results were found for supervised regular vigorous intensity
exercise sessions (Marcus et al, 1991, 1995, 1999), such exercise would be
difficult for individuals to maintain following the end of the programme, and
would also be costly for smoking cessation services to implement on a wide
scale. Subsequent research, therefore, has considered the impact of moderate-
intensity lifestyle physical activity sessions, but the findings of such research
appear at present to be inconclusive. Strengths of Marcus and colleagues’
research include the use of intent to treat analysis, which minimises the
possibility of positive findings as a result of selection bias, and biochemical
verification of smoking abstinence, in the form of salivary cotinine and exhaled
air carbon monoxide measurement. The use of 7-day point prevalent

abstinence as a measure of smoking cessation may be problematic because it
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does not consider smoking lapses and relapses; typically, continuous
abstinence is a more rigorous measure and is generally recommended
(McEwen et al, 2006). The Ussher et al (2003) trial was the only study to
exclusively report continuous abstinence rates, and the Marcus et al (1991,
1995, 1999, 2005) trials relied heavily on 7-day point-prevalent abstinence. In
addition, Marcus and colleagues did not measure the continuation of regular
exercise behaviour beyond the end of the intervention programme, thus it was
not known whether or not exercise condition participants maintained their
exercise routine. Poor adherence to the prescribed exercise regime may have
complicated interpretation of the Marcus et al (2005) findings; only 15% of
exercise condition participants met or exceeded the recommendation of 165
min of moderate exercise per week, particularly as those who adhered to the
protocol were more likely than those who did not to maintain cessation. Finally,
the use of NRT in the Ussher et al (2003) trial may have complicated the
findings; the lack of effect at six weeks could have been due to the use of NRT,
as the authors suggest, which can potentially double quit rates (e.g., Silagy et

al, 2004).

1.7 Young people and physical activity

As well as understanding the effects of exercise on desire to smoke and
withdrawal symptoms, it is also important to explore the determinants of
exercise in young people who smoke. Thus, it seems important for researchers
and practitioners to explore the question of why young smokers do and do not
engage in health promoting behaviour such as exercise, and to investigate
social-cognitive factors that might discriminate between those who are active
and inactive. Biddle and Nigg (2000) recently reviewed several theories of

exercise behaviour and highlighted the need to conduct research on this
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particular issue from a theoretical perspective. At present, little is known about
the determinants of exercise or physical activity behaviour in young people who
smoke. Given that smoking accounts for 20% of all deaths in the United
Kingdom (Department of Health, 2001), it seems critical for researchers and
practitioners to actively pursue this line of enquiry. Understanding the
determinants of physical activity is one of the first critical steps towards

developing appropriate exercise interventions for young smokers.

Despite the well-documented physical and psychological health benefits of
physical activity for young people (Biddle et al, 2000; Department of Health,
2004b; Hardman & Stensel, 2003), and despite the evidence that levels of
physical activity taken during childhood and adolescence can impact on health
outcomes in adulthood (Hardman & Stensel, 2003), recent survey data
suggests that many young people are not active enough to gain health benefits.
The Department of Health (2004b) reported that 16% of males and 33% of
females aged 16-24 years were moderately active for less than 30 minutes in a
week. Worryingly, levels of physical activity appear to decline with age from
late childhood and adolescence onwards (Hardman & Stensel, 2003). As
mentioned earlier, there is evidence that smoking is associated with physical
inactivity in young people (Aaron et al, 1995; Thorlindsson & Vilhjalmsson,
1991), and that these trends can track over time from childhood and
adolescence into adulthood (Steptoe et al, 2002), with long-term health

repercussions.

On the basis of the available evidence, there is a clear need and justification for
developing interventions to promote physical activity and exercise among young
people who smoke. Young smokers may be able to use exercise to manage

their cigarette cravings, and once they have made the transition to becoming
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regularly active, these individuals may become more receptive to other health-
promoting suggestions, such as smoking cessation. Because large numbers of
young people smoke, any intervention to promote physical activity in young
smokers would need to be pragmatic, low-cost, and able to reach large
numbers of young people, particularly within a public health service context
such as the UK National Health Service (NHS). The foundations for such an
intervention need to be laid before such an intervention trial can reasonably be

conducted.

To date, no published research has examined whether physical activity
promotion is an acceptable type of lifestyle promotion intervention in young
people who smoke. Additionally, no study has considered whether promoting
exercise can discoUrage smoking related behaviour in this population of young
people. These are important matters that warrant further investigation, and this

thesis aims to investigate these issues.

1.8 The aims of the thesis

The objectives of this thesis are to investigate the effects of exercise on desire
to smoke, withdrawal symptoms and mood in young people, and to investigate

the promotion of physical activity and exercise in young people who smoke.
Specifically, this thesis aims to address the following questions:

1. Does an acute bout of exercise reduce strength of desire to smoke and

withdrawal ‘symptoms, and improve mood, in young people who smoke?

2. Does the intensity of an acute bout of exercise influence reductions in
strength of desire to smoke and withdrawal symptoms, and

improvements in mood, in young people who smoke?
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3. Does the theory of planned behaviour predict physical activity in young

people who smoke?

4. Which types of physical activity promotion message are likely to be

acceptable to young people for intervention?

5. Is a physical activity consultation intervention feasible in young people

who smoke?

1.9 The plan of the thesis

To ascertain whether a physical activity intervention would be useful in this
population, Studies 1 and 2 investigate the acute effects of exercise on
cravings, withdrawal symptoms and mood. Chapter 2 describes an
investigation into the effects of moderate exercise (compared with placebo
control) on strength of desire to smoke, withdrawal symptoms and mood in
young people who smoke. Following on, Chapter 3 describes an investigation
into the effects of moderate and vigorous intensity exercise (compared with
passive control) on strength of desire to smoke, withdrawal symptoms and
mood in young adults who smoke. Prior to conducting a physical activity
intervention, it was necessary to investigate the determinants of physical activity
in the target population and to develop the prompts to be used in the
intervention in a systematic way, and Studies 3 and 4 address these issues.
Chapter 4 reports an investigation of the determinants of exercise among young
smokers using the framework of the theory of planned behaviour. Chapter 5a
reports a systematic evaluation of prompts designed to promote physical activity
in young people. While Chapter 5a focuses on the general population of young
people, for more widely generalised findings, smoking status is also evaluated,
so that the findings may be applied to the physical activity intervention study.
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Finally, Chapter 5b reports on the feasibility of a physical activity promotion

intervention for young people who smoke.
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Chapter 2
Study 1: The effects of acute exercise on desire to smoke, mood and

withdrawal symptoms in abstaining adolescent smokers

2.1 Introduction

It is well documented that cravings and withdrawal symptoms can present a
barrier to cessat‘ion (Gilbert & Wartburton, 2000; Tiffany & Drobes, 1991). A
short bout of exercise can be acutely effective for reducing cravings and
withdrawal symptoms among abstaining adult smokers (Daniel et al, 2006;
Daniel et al, 2004; Katomeri & Taylor, 2005a,b; Pomerleau et al, 1987; Taylor &
Katomeri, 2006; Taylor et al, 2005, 2006; Thayer et al, 1993; Ussher et al, 2001;
Ussher et al, 2006); however there has been little research into these effects

among younger smokers.

Even with a low intake and irregular smoking patterns, young smokers are
apparently dependent on nicotine and experience withdrawal symptoms and
cravings as a result (Colby et al, 2000; DiFranza et al, 2002a; O’Loughlin et al,
2002; Prokhorov et al, 2001). It is therefore important for research to
investigate the effect of a short bout of exercise on withdrawal symptoms and

cravings (desire to smoke) in younger smokers.

Studies focusing on the acute effects of exercise in young people in their late
teens and early twenties have demonstrated the effectiveness of a single bout
of exercise for improving mood (e.g., Bartholomew & Miller, 2002; Petruzzello,
et al, 1997; Toskovic, 2001). Therefore, drawing from the previous adult based
studies in this field, an acute bout of moderate intensity exercise may also
positively influence affective responses in young smokers, as well as reducing

their cigarette cravings and withdrawal symptoms.
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2.1.1 The present study

The current study aimed to investigate the impact of a short bout of moderate
intensity aerobic exercise on cra\}ings (strength of desire to smoke), withdrawal
symptoms and mood in low-active adolescent smokers. The Department of
Health (2004b) recommend that at least 30 min of moderate intensity physical
activity should be undertaken on at least five days of the week for health
benefits, but the 30 min of exercise can be accumulated in the form of a few
short bouts throughout the day. Short bouts of moderate intensity activity
should also be suitable and attainable for sedentary or low-active people,
including smokers (Daniel et al, 2004), and can be easily applied and integrated
into individuals' lifestyles. Based on research with other populations of
smokers, it was hypothesised that adolescents in the moderate exercise
condition would experience decreased desire to smoke and withdrawal
symptoms, and improved mood during, 5 min after and 30 min after exercise,

compared with those in a placebo control condition.

2.2 Method
2.2.1 Participants

Thirty-seven young people aged 16-19 years (19 males and 18 females) who
self-reported exercising no more than twice per week, and who self-reported
smoking 10 or more cigarettes per day for more than six months were recruited
from institutions of further and higher education in the north east of England.
Volunteers were not eligible if they had any medical conditions which were
contraindicated for exercise, as determined by a university screening self-report

questionnaire, approved by the research ethics committee (refer to Appendix 1).
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2.2.2 Design

Condition assignment was stratified for gender to ensure that equal numbers of
male and female participants would be allocated to the two conditions.
Stratification was based on the order in which participants presented to the
testing session. Participants were issued with standardised written instructions
(Appendix 2), informing them of the purpose of the study and of their equal
chance of being assigned to one of the two conditions. For both conditions, the
interaction between investigator and participant was kept to a minimum

throughout.

2.2.3 Measures

2.2.3.1 Demographics and smoking information

Participants’ height, weight and baseline heart-rate (HR) were measured
approximately 10 min prior to undertaking the exercise or placebo (see
Appendix 3). Participants self-reported their age and gender. Additionally, the
following single items were included: ‘How many cigarettes per day do you
usually smoke?' ‘At what time did you have your last cigarette (to the nearest
quarter of an hour)? ‘At what age did you start smoking on a daily basis?
‘How difficult has it been to stop yourself smoking today? (on a 0-5 scale) ‘How
much of the time have you felt the urge to smoke today?’ (on a 0-5 scale) ‘How
strong have the urges been? (on a 0-5 scale) and ‘How much have you craved
cigarettes today? (on a 0-5 scale) (West, Courts, Beharry, May & Hajek, 1999).
A single-item scale with a fully anchored response format was used to assess
the frequency of physical activity over the previous three months (Gionet &
Godin, 1989; Godin, Jobin & Bouillon, 1986) (see Appendix 4). This question
has also been used recently (Godin, La’mbert, Owen, Nolin & Prud’homme,
2004) to successfully classify participants according to their activity status.
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Participants’ dependence on nicotine was assessed using the Hooked on
Nicotine Checklist (HONC; DiFranza et al, 2002a,b). This consists of a 10-item
scale with a ‘yes’/'no’ response range, whereby ‘yes’ was scored with 1 point
and ‘no’ with 0, with a ‘yes’ response to any item indicating dependence on
nicotine (see Appendix 5). The higher the score (from 0 to 10), the greater the
levels of nicotine dependence. The HONC has been found to be a reliable and
valid measure of nicotine dependence among low-dose occasional adolescent
smokers (Wheeler, Fletcher, Wellman & DiFranza, 2004), and the symptoms
listed in this measure have been independently generated using focus group
methodology (O’Loughlin et al, 2002). A high Cronbach’s alpha value of 0.94
was attained for this scale by its authors (DiFranza et al, 2002a,b), and
acceptable levels of internal reliability (d = 0.64) were found in the present

study.

2.2.3.2 Strength of desire to smoke, withdrawal symptoms and affect

Emotional and cognitive withdrawal symptoms, and desire to smoke were
measured using the Mood and Physical Symptoms Scale (MPSS; West &
Hajek, 2004; West, Hajek & Belcher, 1989; West & Russell, 1985), and a
strength of desire to smoke item (‘How strong is your desire to smoke right
now?; West et al, 1989). All MPSS items and the desire to smoke item were
phrased: ‘How ____ do you feel right now?’ with the blank filled by the words:
irritable, depressed, tense, restless, stressed, happy, energetic, and the
question ‘How difficult do you find it to concentrate right now?' These were all
rated on a 1 (not at all) to 7 (extremely) scale (see Appendix 6). Acceptable
levels of internal reliability were reported by both the scale authors (a = 0.78;
West & Hajek, 2004) and in the present study (overall sample a = 0.67; males a

= 0.66; females a = 0.70).
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It has recently been suggested (Shiffman et al, 2004) that the results of smoking
withdrawal studies should be comparable to other studies of affect, by including
validated measures of mood. Measuring mood is also important from the
exercise adherence perspective; people tend to repeat behaviours that make
them feel good and generally discontinue behaviours that make them feel bad
(Ekkekakis, Hall & Petruzzello, 2005). These adherence issues are as relevant
among smokers as they are among general populations of people (Taylor &
Ussher, 2005). Therefore, in the present study, exercise-induced affect was
measured using self-ratings on the Subjective Exercise Experience Scale
(SEES; McAuley & Courneya, 1994). The SEES assesses changes in positive
well-being (PWB), psychological distress (PD) and fatigue, and consists of a list
of 12 adjectives pertaining to PWB, PD and fatigue, each rated on a 1 (not at
all) to 7 (very much so) scale (see Appendix 7). The SEES has been shown to
be a reliable and valid measure of affect in a variety of exercise settings (Lox &
Rudolph, 1994; McAuley & Courneya, 1994). In the present study, acceptable
levels of internal reliability were found at baseline for PWB (overall sample a =
.72; males a = .74; females a = .67), PD (overall sample a =.71; males a = .61;
females a = .77) and fatigue (overall sample a = .87; males a = .89; females a =
.85). For all ratings given, the scales were enlarged to A3 size, presented on

the wall directly in front of participants, and administered verbally.

2.2.4 Moderate intensity exercise condition

Participants assigned to the moderate intensity exercise condition exercised on
a cycle ergometer for 10 min and were asked to maintain an intensity equivalent
to a rating of perceived exertion (RPE) of 11-13 according to the Borg 6-20 RPE
scale (Borg, 1998), after 1 min of familiarisation (see Appendix 8). HR was also

measured during exercise using a Polar Beat® HR monitor. Cycle ergometry
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was selected as it is an accessible form of exercise that requires minimal
familiarisation for most people and has been used successfully in previous
studies of exercise during tobacco withdrawal (e.g., Daniel et al, 2004;
Pomerleau et al, 1987; Ussher et al, 2001). A 10 min duration was selected
because current guidelines recommend 30 mins of physical activity on five or
more days per week, and the 30 mins can be taken in the form of three 10-
minute bouts (Department of Health, 2004b), a 10 min bout of exercise would
have practical implications, as it should be achievable for most young people,
and finally a 10 min bout of exercise has been found to successfully reduce
cravings and withdrawal symptoms during abstinence in previous studies (e.g.,

Daniel et al, 2006; Ussher et al, 2001).

The Borg RPE scale (Borg, 1998) was administered verbally every minute
during both conditions, and HR was also recorded at this time (see Appendix 9).
If participants reported an RPE outside the target range for their condition, they
were instructed to pedal faster or slower accordingly. The RPE scale was
enlarged to A3 size and was presented on the wall directly in front of the
participant as they exercised. The Borg RPE scale has been found to relate
well to HR as a measure of exercise intensity (American College of Sports
Medicine; ACSM, 1998, 2000), and has been used in previous research into
affective responses to acute exercise as a regulator of exercise intensity
(Petruzzello et al, 1997). RPE was used rather than HR to regulate exercise
because RPE is indicative of a configuration of all the various physical
sensations involved in exertion and, importantly, RPE ratings provide an
individual-specific measure of exertion (Borg, 1998). In addition, smokers’
resting HR typically decreases during abstinence (Hughes, Higgins & Bickel,

1994; Shiffman et al, 2004), and this may confound calculations of exercise
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intensity based on HR (Ussher et al, 2001). Therefore, RPE was to be
considered a more appropriate measure of exercise intensity than HR in this

study.

2.2.5 Placebo control condition

Participants assigned to the placebo control condition completed 10 minutes of
very low intensity exercise in the range of 7-9 on the Borg RPE Scale (Borg
1998) on a stationary cycle, after 1 min of familiarisation. RPE and HR were

monitored each minute throughout both conditions.

This study included a placebo control condition for a number of important
reasons. First, and perhaps most importantly, this process ensured that the
environmental conditions for all participants, irrespective of condition
assignment, were stable and identical, and the only variable that differed
between the two conditions would be the aerobic stimulus. A placebo control is
a useful control condition in cases where blinding of participants and
investigators is not possible (Daley, Copeland, Wright, Roalfe & Wales, 2006),
such as in the present study. Secondly, this study builds on the recent work by
Daniel et al (2004), who reported no differences in cravings and withdrawal
symptoms between abstaining smokers assigned to a very low intensity
exercise or a passive control condition, highlighting that minimal intensity
exercise is unlikely to alter the outcomes of interest. Thirdly, a placebo control
was used in the present study because, it has been argued, sitting passively is
not a comparable control condition with which to test the effects of exercise on
psychological state (Daley & Maynard, 2003), and it is not necessarily an
ecologically valid control condition since few people (including smokers) choose

to sit quietly in a laboratory setting for no purpose at all. Indeed, it is possible
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for passive sitting to increase anxiety in some individuals (Heide & Borkovec,
1984), the occurrence of which may make the interpretation of results
problematic. Lastly, by creating a placebo-control condition that involved very
low intensity exercise it may also be possible to begin to tease out the potential
mechanism of affective change associated with participation in exercise for
young people who smoke, given that the only difference between the groups
lies in the aerobic stimulus. For example, with both groups receiving equal and
similar attention from the investigator and with participants in both groups
pedaling on a cycle ergometer, any differences between the two conditions in
the outcome variables are unlikely to be due to distraction (Ussher, Sampuran,

Doshi, West & Drummond, 2004).

2.2.6 Procedure

Ethical approval for this study was obtained from the University’'s Research
Ethics Committee. All participants gave informed written consent (see
Appendix 10). Participants were asked to abstain from smoking from a time
between 9:00 p.m. and 10:00 p.m., until the end of the testing session on the
following day, which took place between 12:00 noon and 3:00 p.m. (mean
abstinence = 17.2 hours, SD = 4.04). Participants were sent a standardised
text message to their mobile phone on the evening prior to the testing session,
reminding them to abstain overnight and then attend the session the following
day. On the day of the exercise session, abstinence was confirmed using an
expired air carbon monoxide (CO) reading of <10ppm. Smoking abstinence

was confirmed in all participants who attended the testing session.

All conditions took place in a testing room set up in each educational institution,

which had similar environmental conditions in each location. Approximately 5
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min prior to each condition, participants began completing the HONC, SEES,
MPSS and desire to smoke scales, and reported demographic information.
Following baseline data collection, the SEES, MPSS and desire to smoke
questionnaires were also completed at the midpoint during (i.e., after 5 min),
and 5 and 30 min after both conditions. Once participants had completed their
follow-up measurement 5 min after both conditions, they left the testing room to
pursue their normal activities and returned 30 min after the end of the exercise
session to complete the final follow up measures. As this study was also
concerned with the enduring effects of exercise, it was considered important to
include a follow-up assessment of the study outcomes once participants had
returned to their natural environment. Keeping participants in the testing room
until completion of follow-up tests may not have provided any information
regarding the longer term efficacy of an acute bout of exercise in reducing
desire to smoke and withdrawal symptoms in the ‘real world’, when participants
have returned to their ordinary lives. Indeed, a number of published studies
(e.g., Daley & Huffen, 2003; Daley & Maynard, 2003; Daley & Welch, 2004;
Focht & Hausenblas, 2001; Katomeri & Taylor, 2005a,b; McAuley, Mihalko &
Bane, 1996, Taylor & Katomeri, 2006) have already attempted to gather
naturalistic information on the acute psychological effects of exercise in a

variety of populations, including smokers.

Before participants left the testing room they were asked not to smoke, drink
alcohol, take illicit drugs, do any exercise or do anything out of the ordinary until
they had completed the final follow-up assessment. When participants returned
30 min later, expired air CO concentration was measured again, and abstinence
was confirmed among all participants. All participants who completed the

exercise or placebo control session also attended the follow-up session. Upon
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completion of the follow-up measurement session, participants received a
£10.00 payment for their participation and for travel expenses related to their

involvement in the study.

2.2.7 Statistical analyses and sample size calculations

Comparisons of the effects of condition on strength of desire to smoke, tobacco
withdrawal symptoms and mood across time were made using a series of 2 x 3
(condition x time) repeated measures ANCOVAs, with the baseline value as the
covariate. The effects of condition on strength of desire to smoke, the MPSS
subscales (irritability, tension, restlessness, poor concentration, stress,
happiness and energy), and SEES subscales (PWB, PD and fatigue) were
assessed across time. The primary dependent variable was strength of desire
to srhoke. Sample size calculations were performed using data from Ussher et
al (2001), which reported a large (Cohen’s d = 4.0) effect size for desire to
smoke. Using a more conservative estimation (Cohen’s d = 1.0), sample size
calculations indicated that 15 participants per condition were required to detect
a significant difference between the exercise conditions versus the control
condition on desire to smoke, the primary dependent variable in the present

study (p < 0.05, 80% power).

2.3 Results
2.3.1 Demographic information

Table 2.1 presents the means for demographic and smoking characteristics,
compared by group and gender. Baseline comparisons were also made on
each of the MPSS variables, and on the three subscales of the SEES (see

Table 2.2).
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A series of independent t-tests revealed no significant differences between
participants in the moderate exercise and placebo control conditions on
demographic variables. Likewise, a multivariate analysis of variance
(MANOVA) revealed no significant differences between groups on strength of
desire to smoke, withdrawal symptoms or mood at baseline. A series of
independent t-tests also revealed no significant differences between males and
females on demographic variables. Additionally, a multivariate analysis of
variance (MANOVA) revealed no significant gender differences on strength of
desire to smoke, withdrawal symptoms or mood at baseline. Baseline nicotine
dependence scores were high among participants in both conditions, as rated

on the HONC (see Table 2.1).

2.3.2 Compliance with the exercise prescription

The average RPE was 12.3 (SD = 0.60) for the moderate exercise condition
and 8.3 (SD = 0.58) for the placebo control condition. This indicated that
participants were exercising at the correct intensity for each condition,
respectively. The average HR over the 10 min was 112 bpm (SD = 22.20, 55%
age-predicted HR max) for the moderate exercise condition and 89 bpm (SD =

14.53, 44% age-predicted HR max) for the placebo control condition.
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2.3.3 Exercise effects on strength of desire to smoke, withdrawal Symptoms
and mood

Means (and SDs) for strength of desire to smoke, withdrawal symptoms and
mood are reported in Table 2.2 and displayed in Figures 2.1 to 2.12. A
between-participants ANCOVA revealed a significant interaction effect for
psychological distress (PD) scores (F.es = 3.63, p < 0.05). Follow-up
independent t-tests at each time point revealed that those in the moderate
exercise condition reported significantly higher PD scores (f = 2.0, df = 35, p <
0.05) during exercise than did the placebo control condition. There were no
other significant differences in PD scores between the groups 5 or 30 min after
exercise. There were no time or condition main effects. No other significant

effects were found for any other variables.

2.4 Discussion

It was hypothesised that 10 min of moderate intensity exercise would reduce
the desire to smoke and withdrawal symptoms over time, in comparison with a
placebo control condition that involved very light exercise, in adolescent
smokers. No differences were detected between the conditions on strength of
desire to smoke or withdrawal symptoms during or after each condition.
Additionally, and contrary to prediction, when controlling for baseline scores
exercise condition participants reported significantly higher PD scores during
exercise than placebo condition participants, although there were no differences
in PD scores after each condition. This finding is contrary to previous research
(e.g., Bock et al, 1999; Ekkekakis & Petruzzello, 1999) that has reported
exercise to have a positive effect upon affective responses. Further research
should be conducted with young smokers to investigate this issue in more

depth.
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The higher psychological distress scores reported by participants in the
moderate exercise condition could be attributed to the sample being sedentary
or relatively inactive. These individuals may have been adapting to the
demands of the exercise task, and this may have been made more distressing
by the well-documented effects of smoking on respiratory function (e.g., Musk &
de Klerk, 2003). Consistent with this, Petruzzello et al (1997) demonstrated that
negative affect was higher among inactive than active young people during
moderate intensity exercise. It should, however, be emphasised that in both the
present study and the study by Petruzzello et al, the increases in distress
experienced during moderate intensity exercise were not maintained after

exercise.

In the present study, moderate exercise, compared with a placebo control, did
not produce the hypothesised reduction in strength of desire to smoke and
withdrawal symptoms found in studies with acutely abstaining adult smokers
(Daniel et al, 2004; Pomerleau et al, 1987; Thayer et al, 1993; Ussher et al,
2001). This would suggest that 10 min of moderate intensity exercise might not
be of sufficient intensity or duration to impact upon cravings and withdrawal
symptoms among a younger smoker population. The results of the present
study are contrary to findings of other studies demonstrating moderate exercise
effects on cravings among adult populations (Daniel et al, 2004; Pomerleau et
al, 1987; Thayer et al, 1993; Ussher et al, 2001). It is pbssible that a longer
duration or more intense exercise session is required to produce effects among
younger smokers, perhaps because of the relatively short length of time since
leaving school. Studies that compare multiple intensities or durations of

exercise would help to clarify this issue further.
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One possible explanation for the null findings for strength of desire to smoke
and withdrawal is that the adolescent smokers recruited in the present study
were low-active or sedentary and may have responded to a short bout of
exercise in different ways than might active young smokers. It is also possible
that different types of exercise may lead to differential effects on strength of
desire to smoke and withdrawal symptoms among young smokers. Further
research should be undertaken to compare active and sedentary young

smokers, and the effects of different exercise types among adolescent smokers.

It should be noted that the mean HONC (nicotine dependence) score in the
present study was higher than those reported in previous samples with
(younger) adolescents (DiFranza et al, 2004a,b) and was in fact closer to that
found in an adult population, among whom the mean HONC score was 7.1
(Wellman et al, 2005). This suggests that the lack of any significant positive
findings with regard to strength of desire to smoke and withdrawal symptoms

cannot be attributed to the sample not being sufficiently dependent on nicotine.

While not hypothesised, and consistent with previous research (Ussher et al,
2001), it may be interesting to note that there was a small discrepancy between
the RPE and HR data reported in this study. In the moderate exercise
condition, mean HR corresponded with mean RPE relatively well, however RPE
scores suggested participants were doing slightly more intense exercise (within
the moderate range) than did HR scores. This is consistent with the observed
phenomenon of a reduction in smokers’ HR during abstinence (Hughes et al,
1994; Shiffman et al, 2004), and also with Ussher et al's (2001) findings that an
aerobic stimulus was reported as being more intense when measured by RPE
than HR in abstaining adult smokers. By contrast, in the placebo control

condition in this study, HR values suggested participants were applying slightly
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more exertion than did RPE values. It is possible that, in both conditions, the
young smokers’ HR had not fully stabilised following abstinence from smoking,
making it problematic to rely solely on HR as an accurate estimate of the
aerobic stimulus in abstaining smokers, and it might be the case that RPE
provides a more accurate assessment of exercise intensity in this study.
Nevertheless, it should be noted that despite these small discrepancies
between HR and RPE, participants were within the moderate and very light

intensity ranges suggested by the ACSM (1998, 2000).

The findings of the present study should be interpreted in the context of its
methodological limitations and strengths. For example, participants were only
temporarily abstinent from smoking; future research should examine the effects
of exercise in young smokers during a quit attempt. In addition, the baseline
scores on some withdrawal symptoms (e.g., depression) were relatively low.
Therefore, the lack of a positive finding for withdrawal symptoms may be at

least partially attributable to floor effects.

The inclusion of multiple follow-up points, including follow-up measurements
after participants had returned to their normal environment, is a notable strength
of this study. This is an important element of study design because it allows for
a more accurate reflection of potential ratings of desire to smoke in a ‘real life’
abstinence attempt, away from a laboratory setting. Moreover, recent studies
that have detected a positive effect of acute exercise on desire to smoke and
withdrawal symptoms (Daniel et al, 2004; Taylor et al, 2005; Ussher et al, 2001)

did not include a follow-up assessment outside the laboratory environment.

In conclusion, the findings of this study suggest that short bouts of exercise may

not be an effective method of reducing cravings and withdrawal symptoms, in

54



abstaining young smokers. This study also raises the possibility that exercise
may have a detrimental influence upon affective responses during exercise.
That said, further research is needed to establish more exactly the exercise
parameters that may impact on strength of desire to smoke and withdrawal
symptoms among younger smokers who have been abstaining from cigarettes
overnight. More intense exercise or a longer duration of exercise may be
necessary in order to produce effects among younger smokers. This study has
also highlighted measurement issues that need to be considered when

regulating exercise intensity in abstaining smokers.
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