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Regular cigarette smokers (n� 15), overnight deprived smokers (n� 15) and nonsmokers (n� 20), were assessed on
a battery of mood questionnaires and cognitive performance tasks, before and after a cigarette/rest period. At the
initial session, deprived smokers reported signi®cantly greater feelings of stress, irritability, depression, poor
concentration and low pleasure, than both nondeprived smokers and nonsmokers (all comparisons, p5 0.01). After
the rest/cigarette break, the mood states of all three groups became generally similar, although the previously
deprived smokers still reported elevated depression. These ®ndings suggest that mood gains after smoking re¯ect the
simple reversal of abstinence e�ects. On the cognitive tasks, there were no signi®cant di�erences in letter cancellation
performance between subgroups, either before or after smoking. With mental arithmetic, abstinent and nonabstinent
smokers attempted more problems than nonsmokers, both before and after the rest/cigarette break. This is suggestive
of faster cognitive processing in smokers, irrespective of their nicotine status. However, the cognitive performance
data were untypical in various ways and need replication. # 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

In a review of the psychopharmacological e�ects of
nicotine, West (1993, p. 590) noted: `Although
many smokers believe that cigarettes enhance
their lives or at least they help them to cope with
life's demands, there is as yet no clear scienti®c
evidence to support this'. The essence of the
problem is that although smokers often experience
mood improvements and/or cognitive gains after
smoking, abstinence generally leads to deleterious
moods and/or cognitive impairments (Gilbert,
1995; Gilbert and Wesler, 1989; Hughes et al.,
1990, 1994; Parrott, 1994a,b, 1995a,b, 1998; Parrott
and Roberts, 1991; Parrott et al., 1996; Surgeon
General, 1988, 1990; Wesnes andWarburton, 1983;
West, 1993; Williams, 1980). It is therefore unclear
whether the relative improvements post-smoking
represent true psychobiological gains, or the simple
reversal of abstinence e�ects. The nicotine resource
model focuses upon the positive changes experi-
enced during smoking, and suggests that nicotine
leads to real psychological gains: `It seems that

cigarette smoking is a mood modi®er for smokers,
calming and reducing the smokers feelings of
anxiety and anger' (Warburton, 1992, p. 57). In
contrast, the deprivation-reversal model focuses
upon the negative aspects of abstinence, and
suggests that nicotine does not generate any real
psychobiological advantages: `Smoking doesn't
make the smoker less irritable or vulnerable to
annoyance, not smoking or insu�cient nicotine
makes him more irritable (Schachter, 1978, p. 210).

These two contrasting models are surprisingly
di�cult to resolve, since the natural/normal level of
psychological functioning for each smoker is
unknown (i.e. following years of nicotine use).
One solution which has been advocated is to use
nonsmokers as controls: `Few studies include the
important control group of nonsmokers not
smoking to allow unequivocal determinations of
whether smoking and nicotine are stress reducing,
or whether abstinence and deprivation are stress
increasing' (Surgeon General, 1988, p. 407). How-
ever, this procedure has been criticised, since
smokers may di�er from nonsmokers in important
aspects (Hughes, 1991); nevertheless it is followed
here, since no better alternative has emerged
(see Discussion). The current study compared the
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psychobiological functioning of deprived smokers,
nondeprived smokers and nonsmokers. It was pre-
dicted that smokers would be superior to deprived
smokers. However, the more crucial question was
whether the active smokers would be superior to
nonsmokers, or whether the deprived smokers
would be worse than nonsmokers. The second
aim was to compare the psychobiological e�ects of
smoking a single cigarette, in deprived and non-
deprived smokers. Smokers were only included if
they smoked �10 cigarettes/day, and lit their ®rst
cigarette within an hour of waking. The aim was
to study regular dependent smokers, and exclude
light/social smokers (Wesnes and Warburton,
1983). Subjective feeling states were assessed
using two questionnaires with demonstrated sensi-
tivity to nicotine: the Addiction Research Unit
smoking withdrawal scales (West et al., 1989), and
the University of East London brief mood scales
(Parrott et al., 1996). Cognitive skills were assessed
on two performance tasks: letter cancellation, and
mental arithmetic. Letter cancellation is generally
impaired by smoking abstinence, and improved
by cigarette smoking or other forms of nicotine
administration (Parrott and Craig, 1992; Parrott
and Roberts, 1991; Williams, 1980). Mental arith-
metic was included as a more conceptual task, since
higher cognitive skills have rarely been studied in
smoking research (Garnham and Parrott, unpub-
lished; Wesnes and Parrott, 1992).

METHODS

Subjects

The subjects comprised academic sta�, post-
graduate and undergraduate students from the
University of East London. Cigarette smokers
were included if they smoked �10 cigarettes/day,
and lit their ®rst cigarette within 1 h of waking.
Thirty smokers were randomly allocated to either
normal smoking or abstinence. The 15 smokers in
the nondeprived (nonabstinent) condition com-
prised: 11 females and 4 males, mean age 23.9
years (range 19±31 years), smoking 17.4 cigarettes/
day (range 10±27), having smoked for 8.5 years
(range 5±14). The 15 smokers in the deprived
(abstinent) condition comprised: 5 females and
10 males, aged 25.5 years (range 20±36), smoking
16.5 cigarettes/day (range 10±30), having smoked
for 10.4 years (range 3±21). Nonsmokers were
de®ned as those who had never smoked tobacco,
or not smoked for at least one year. The

20 nonsmokers comprised: 13 females and 7 males,
aged 29.5 years (range 18±48).

Smoking conditions

Nondeprived smokers arrived at the laboratory
for their initial test having smoked normally that
morning; they had been asked to smoke a cigarette
5±10 min before arrival. The overnight deprived
smokers were required not to smoke for 12 h before
testing. Compliance with these instructions was
verbally checked on arrival, and biochemically
con®rmed by expired breath carbon monoxide
(CO) assessment, with abstinence taken as a read-
ing of 510 ppm CO (Hopkins et al., 1984). No
subject failed these criteria. The initial period of
performance and mood testing was followed by a
10 min rest break, when all smokers (deprived and
nondeprived) smoked a single cigarette of their own
brand, and nonsmokers rested for an equivalent
period.

Assessment measures

The UEL mood questionnaire covered feelings of
stress, arousal and pleasure (Parrott et al., 1996),
re¯ecting the three primary feeling state dimensions
(Mathews et al., 1990). Each mood factor was
covered by two bipolar questions. Stress: tense/
relaxed; nervous/calm. Arousal: lively/tired; alert/
drowsy. Pleasure: contented/irritated; satis®ed/dis-
satis®ed. Responses were scored on ®ve point
bipolar scales. strongly±slightly±neither±slightly±
strongly (0±4), so each mood factor comprised a
nine-point scale.

The Addiction Research Unit (ARU) nico-
tine withdrawal questionnaire covered feelings of
depression, irritability, energy, restlessness, hunger,
poor concentration and the urge to smoke (West
et al., 1989). The original 5-point response format
(extremely±very±somewhat±slightly±not-at-all),
was extended to nine points by the inclusion of four
intermediate response positions, in order to make
both mood questionnaires equivalent in the num-
ber of response alternatives.

Letter cancellation (Parrott and Craig, 1992;
Parrott and Roberts, 1991), comprised a pencil-
and-paper test of sustained visual attention. Sub-
jects were required to scan rows of letters, and
delete three target letters (e.g. T, G, U) with a
penstroke. The total number of letters scanned
in 10 min, and the proportion of targets correctly
detected, were calculated. Twelve matched
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response sheets with di�erent target letters were
varied across test sessions, so that no sheet was seen
more than once.

Mental arithmetic (Garnham and Parrott,
unpublished; Parrott et al., 1996), comprised a
pencil-and-paper test of simple addition and
subtraction. Each test sheet contained a standard
set of 30 problems. Twelve test sheets were used,
matched for di�culty level. Subjects completed
as many problems as possible in 10 min, with
response speed and accuracy both being scored.

Procedure

The study aims and requirements were described in
a written instruction lea¯et, and discussed with
each subject beforehand. Each volunteer who
wished to participate signed a written informed
consent form, and was paid £10 on completion.
Subjects were trained on the assessment battery
during an hour-long massed practice session. This
was held on an initial training day, when each
task and questionnaire was demonstrated and
explained. The mood scales were completed twice,
while the cognitive tasks were undertaken four
times (5 min per task each time). Additional `®ller'
questionnaires were also completed, to provide
breaks from the performance testing.

On the test day, subjects came to the laboratory at
a pre-arranged time between 10.00 and 13.00 hours,
and rested quietly for 5 min. Their smoking
behaviour that morning was checked, then the
®rst test battery commenced. Subjects were assessed
in groups of 2±4 subjects. Each subgroup com-
prised either nonsmokers, deprived smokers or
nondeprived smokers. They completed the two
cognitive tasks, then the two mood scales. The
order of test administration was held constant for
each subgroup, but was counterbalanced across the
di�erent subgroups. The ®rst period of testing was
followed by the 10 min rest/cigarette break. During
this period, subjects were required to remain quietly
at their test consoles, but magazines were distri-
buted for reading. Following this rest/cigarette
period, the second (post-rest/cigarette) test battery
was undertaken, with tests given in the same order
as before. The subjects were then debriefed.

The data were analysed by split-plot ANOVA
with two factors: subgroup (nonsmoker, smoker,
deprived smoker), and test period (®rst, second).
Duncan multiple comparison tests were performed
between pairs of subgroups, at each test period.

RESULTS

The mood state data is shown in Figures 1 and 2,
and Table 1; the cognitive performance results in
Table 2. The ANOVA and Duncan multiple com-
parison tests are summarised in Table 3. The UEL
stress scale showed signi®cant group, period and
group� period interaction e�ects (Table 3). At the
®rst test period, feelings of stress were signi®cantly
higher in abstinent smokers, compared with both
nonabstinent smokers (p5 0.01), and nonsmokers
(p5 0.01); there were no stress di�erences between
nondeprived smokers and nonsmokers (Figure 1,
Tables 1 and 3). After the rest/smoking period, the
stress levels of all three groups were similar
(Figure 1). The UEL pleasure scale generated
signi®cant ANOVA period, and group� period
interaction e�ects (Table 3). At the ®rst test period,

Figure 1. Self-rated feelings of stress, arousal and pleasure
(UEL brief mood scales), in nonsmokers, nondeprived smokers
and overnight deprived smokers, before and after a rest/
cigarette break
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feelings of pleasure were signi®cantly lower in
abstinent smokers than in both nonabstinent
smokers (p5 0.01) and nonsmokers (p5 0.01).
After the rest/smoking period, the pleasure scores
of all three groups became similar (Figure 1,
Tables 1 and 3). On the UEL arousal subscale,
none of the ANOVA e�ects were signi®cant,
although there was a borderline trend for lower
alertness in abstinent smokers at the ®rst test
period, in comparison with both other groups
(p5 0.10 for each comparison; Tables 1 and 3).
Following smoking, the arousal scores for all three
groups were again quite similar.

On the ARU mood scales, feelings of irritability
showed signi®cant ANOVA group, period and
group� period interaction e�ects (Table 3). At the
®rst test period, irritability was signi®cantly greater
in abstinent smokers than in both nonsmokers
(p5 0.01) and nonabstinent smokers (p5 0.01;
Table 3); there were no irritability di�erences
between nondeprived smokers and nonsmokers.
After the rest/cigarette period, feelings of irrita-
bility in the previously abstinent smokers became
reduced, but were still somewhat elevated in
comparison with nonsmokers (p5 0.10; Figure 2,
Table 3). The ARU depression scale demonstrated
signi®cant ANOVA group, period and group -
� period interaction e�ects (Table 3). At the ®rst
period, abstinent smokers were signi®cantly more
depressed than both nonabstinent smokers
(p5 0.01), and nonsmokers (p5 0.01; Table 3).
At the second test period, although feelings of
depression became reduced in the previously
abstinent smokers, they remained signi®cantly
elevated in comparison with nonsmokers
(p5 0.05). Furthermore, nonabstinent smokers
also reported a borderline elevation in depression,
compared with nonsmokers (p5 0.10; Figure 2,
Table 3). On the ARU restlessness scale, only the
ANOVA group� period interaction e�ect was
signi®cant (Table 3). Abstinent smokers reported
statistically borderline trends for higher restlessness
(p5 0.10) than both nonsmokers and nondeprived
smokers (Figure 2, Tables 1 and 3). Feelings of
poor concentration showed a signi®cant ANOVA
group� period interaction e�ect (Table 3). At the
®rst test period, abstinent smokers reported worse
concentration than both nonabstinent smokers
(p5 0.01) and nonsmokers (p5 0.01). After the
rest/cigarette break, the self-reported concentration
abilities of all three groups again became similar
(Figure 2).

Two ARU subscales showed no signi®cant
ANOVA or Duncan test ®ndings: feelings of
hunger and energeticness (Tables 1 and 3). How-
ever, the urge to smoke showed signi®cant ANOVA
group, period and group� period interaction
e�ects (Table 3). At the ®rst test period, abstinent
smokers reported signi®cantly stronger urges to
smoke than both nonabstinent smokers (p5 0.01)
and nonsmokers (p5 0.01), while the non-
abstinent smokers also reported greater smoking
urges that nonsmokers (p5 0.01). After the rest/
smoking period, the previously abstinent smokers
still reported signi®cantly greater smoking urges
than both nonabstinent smokers (p5 0.01) and

Figure 2. Self-rated feelings of restlessness, irritability, depres-
sion and poor concentration (ARU nicotine withdrawal
questionnaire), in nonsmokers, nondeprived smokers and over-
night deprived smokers, before and after a rest/cigarette break
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nonsmokers (p5 0.01; Tables 1 and 3) while again
nonabstinent smokers reported greater urges than
nonsmokers (p5 0.01).

On the letter cancellation task, there was a
signi®cant ANOVA period e�ect for the number of
letters scanned, with less letters being scanned after
the rest/cigarette period across all three groups
(p5 0.001; Tables 2 and 3). Neither the ANOVA
group e�ect, nor the group� period interaction
were signi®cant. Correct letter detections also
showed a signi®cant ANOVA period e�ect, with
the proportion of correct target detections being

reduced after the rest/cigarette break (p5 0.001;
Tables 2 and 3). This post-rest reduction in target
detections was proportionally greatest with the
nonsmokers, so that there was a statistically border-
line di�erence between nonabstinent smokers and
nonsmokers at the second test period (p5 0.10;
Table 3).

On the mental arithmetic task, there was a
signi®cant ANOVA period e�ect for the number of
problems attempted, with a performance increase
after the cigarette/rest break (p5 0.001; Table 3).
The ANOVA group e�ect was borderline

Table 1. Group mean (+standard deviation) mood self-ratings

Nonsmokers Smokers Deprived smokers

UEL mood scales
Stress pre-cig 2.9+1.3 3.2+1.9 5.4+1.6

post-cig 2.6+1.9 3.3+1.9 3.1+1.6
Arousal pre-cig 4.2+1.9 4.2+1.7 3.0+1.6

post-cig 3.7+2.1 3.7+1.9 3.4+1.5
Pleasure pre-cig 4.4+1.7 5.2+1.5 2.4+1.7

post-cig 4.5+1.9 4.6+1.9 5.2+1.4

ARU mood scales
Restlessness pre-cig 2.3+2.3 2.1+1.7 3.8+2.9

post-cig 2.8+2.2 2.5+1.6 2.8+1.9
Feeling energetic pre-cig 3.6+2.2 2.9+1.8 2.4+2.1

post-cig 3.3+2.2 2.6+1.9 3.1+1.6
Irritability pre-cig 1.1+1.9 1.3+1.5 4.6+2.1

post-cig 1.0+1.1 1.6+1.5 1.9+1.4
Depression pre-cig 0.7+1.2 1.3+1.6 3.2+1.8

post-cig 0.3+0.7 1.2+1.7 1.3+1.3
Poor concentration pre-cig 2.3+1.6 2.5+1.6 4.7+2.3

post-cig 3.0+1.9 3.2+1.5 3.2+1.7
Hunger pre-cig 2.0+2.5 2.6+2.7 2.9+2.9

post-cig 2.1+2.4 2.4+3.0 2.7+2.6
Urge to smoke pre-cig 0.1+0.4 2.0+2.0 5.9+2.3

post-cig 0.0+0.0 1.0+1.3 3.1+2.5

Table 2. Group mean (+standard deviation) task performance scores

Nonsmokers Smokers Deprived smokers

Letter cancellation
Letters scanned pre-cig 2460+501 2324+613 2319+509

post-cig 2194+481 2024+648 2113+409
Proportion correct pre-cig 0.82+0.06 0.83+0.08 0.79+0.15

post-cig 0.73+0.11 0.80+0.11 0.76+0.13

Mental arithmetic
Problems attempted pre-cig 72.5+23.5 91.0+20.8 89.5+26.9

post-cig 81.6+27.2 98.1+20.5 96.5+25.0
Proportion correct pre-cig 0.96+0.04 0.95+0.04 0.96+0.05

post-cig 0.94+0.05 0.93+0.08 0.95+0.02

Note: Pre-cig� pre-rest, and post-cig� post-rest, for the nonsmokers.
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(p5 0.10), while some Duncan test comparisons
were also signi®cant. During the ®rst test period,
nonsmokers attempted signi®cantly less problems
than both nondeprived smokers (p5 0.05) and
deprived smokers (p5 0.05; Table 3), while after
the rest/cigarette break, the number of problems
attempted by the nonsmokers remained compara-
tively reduced, although the Duncan test com-
parisons with both groups of smokers were now
statistically borderline (each comparison p5 0.10;
Table 3). On mental arithmetic correct solutions,
the ANOVA period e�ect was borderline in
signi®cance, with a lower proportion of correct
answers after the rest/cigarette break (p5 0.10;
Table 3).

DISCUSSION

Deprived smokers reported feeling signi®cantly
more stressed, more irritable, more depressed and
less pleased than nondeprived smokers and non-
smokers (Figures 1 and 2). They also reported
signi®cantly poorer concentration, and borderline
trends for lower arousal and greater restlessness
than both of the other groups (Figures 1 and 2;
Tables 1 and 3). In contrast, the moods of non-
deprived smokers and nonsmokers were generally

similar (Figures 1 and 2; Tables 1 and 3). The
marked di�erences in mood state between deprived
and nondeprived smokers agrees with the literature
on the deleterious mood e�ects of abstinence.
Numerous studies have reported increased feelings
of stress, irritability, restlessness, depression and
concentration di�culty during tobacco abstinence
(Hughes, 1992; Hughes et al., 1990, 1994; Parrott
et al., 1996; Shi�man and Jarvik, 1976; Surgeon
General, 1988, 1990; West, 1993; West et al., 1989).
The present study also assessed nonsmokers as
controls. The importance of this control group
has been highlighted in various reviews (Hughes,
1991; Hughes et al., 1990; Parrott, 1998; Surgeon
General, 1988, 1990). Hughes et al. (1990, pp. 323±
324) noted: `If . . . abstinent smokers are more
anxious than smoking smokers and never-smokers,
then the result can be attributed to abstinence
e�ects. On the other hand, if abstinent smokers are
more anxious than smoking smokers but equally
anxious to never smokers, then the result may be
due to the e�ect of smoking'. Various aspects of
our data were in agreement with the deprivation
reversal model: the similar moods of nonabstinent
smokers and nonsmokers; the mood decrements
in abstinent smokers; the mood normalisation
when abstinent smokers were allowed to smoke

Table 3. Summary of ANOVA ®ndings and Duncan Multiple Comparison tests between subgroups

ANOVA e�ects Duncan Multiple Comparison tests

Group Period G� P Pre-cigarette Post-cigarette
NvS NvD SvD NvS NvD SvD

UEL mood scales
Stress * *** *** ** **
Arousal � �
Pleasure ** *** ** **

ARU scales
Restlessness * � �
Feeling energetic
Irritability *** *** *** ** ** �
Depression *** *** *** ** ** � *
Poor concentration � ** ** **
Hunger
Urge to smoke *** *** *** ** ** ** � ** **

Cognitive performance
LetterCan : total ***
prop correct *** � �

MentArith : total � *** * * � �
prop correct �

Two-tailed signi®cance levels. Note: p5 0.001 levels not calculated for Duncan test. � p5 0.10; *p5 0.05; **p5 0.01;
***p5 0.001. N� nonsmokers; S� smokers; D� deprived smokers.
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(Figures 1 and 2). These ®ndings therefore agree
with Schachter (1978, pp. 210±213): `It would
appear then that smoking is not anxiety reducing
but, rather, that no smoking or insu�cient nicotine
is for the heavy smoker, anxiety increasing . . . The
heavy smoker smokes only to prevent withdrawal'.
Silverstein (1982, p. 946) similarly noted that the
calming e�ects of smoking, re¯ect the ending of
withdrawal symptoms. However Schachter and
Silvertein's conclusions were based upon stress
ratings and pain perception. The wider range of
mood states covered here demonstrates that the
reversal of abstinence symptoms probably explains
all the smoking-related mood changes (Parrott,
1998). Thus the `calming' e�ects of cigarettes
represent the reversal of the stress generated during
abstinence. Similarly the `pleasure' of smoking
re¯ects reversal of the irritability engendered by
abstinence (Figures 1 and 2).

An alternative explanation may, however, be
o�ered for these ®ndings, namely that smokers are
predisposed to poor moods (Hughes, 1991;
Warburton, 1988, 1992): `This interpretation states
that the di�erences between nonsmokers and
abstinent smokers are due not to abstinence e�ects,
but to a priori di�erences' (Hughes et al., 1990,
p. 324). Hughes (1991) noted that smokers and
nonsmokers often di�er in social class, educational
achievement, genetic characteristics, personality
pro®les and numerous other parameters. Thus,
in epidemiological terms there is a preponderance
of smokers amongst the disadvantaged socio-
economic groups. However, the subject pool in
this study came from similar intellectual and socio-
economic backgrounds, so that many of these
potential confounding factors were controlled.
However, the in¯uence of personality di�erences
between subgroups still remains; this is debated
below, after the nicotine resource model is debated.

The resource model proposes that nicotine has
genuine mood elevating properties, and leads to
real stress reduction and a genuine boost in
relaxation (Warburton, 1992). The main problem
with this explanation is the absence of clear
empirical mood data in its support. Thus when
nicotine is given to drug naive subjects, the
resource model predicts that mood gains should
occur (e.g. just as with an acute dose of a benzo-
diazeine). But, instead, the empirical evidence
shows that when nonsmokers are administered an
acute dose of nicotine they report a range of
negative moods (Foulds et al., 1997; Newhouse
et al., 1990). Moreover, in theoretical terms, there is

no clear rationale for predicting anxiety reduction
in a cholinergic agonist. The main evidence for the
resource model is indirect; namely that smokers
tend to report slightly higher neuroticism scores
than nonsmokers (Gilbert, 1995, p. 152). The study
most widely quoted as providing empirical evi-
dence for nicotine resource model is the mixed
longitudinal and cross-sectional study by Cherry
and Kiernan (1978). They found that extraversion
and neuroticism scores at age 16 were associated
with the likelihood of being a heavy smoker at age
25. However, there are limitations to their data,
most importantly, that many of their subjects were
already smoking at age 16, and since smoking may
contribute to stress (Parrott, 1995b), their slightly
higher neuroticism scores may re¯ect this. Other
longitudinal studies have failed to ®nd a predictive
relationship between neuroticism scores in child-
hood and adult smoking behaviour (see West
1994). Another problem is that the neuroticism
di�erences between smokers and nonsmokers
reported by Cherry and Kiernan (1978) were less
than one point on theMaudsley Neuroticism Scale,
and this small di�erence cannot explain the
markedly poor moods experienced by deprived
smokers here (Figures 1 and 2). There are other
problems with the nicotine resource model. Thus
our nonabstinent smokers failed to report any
mood gains after smoking (Figures 1 and 2), while
in a similar fashion, the degree of liking for a
cigarette is a direct function of the duration of
nicotine abstinence (Fant et al., 1995). It is also
di�cult to explain `craving' if nicotine is just a
resource. However, the strongest evidence against
this model comes from smoking cessation studies.

If nicotine is a genuine mood resource, then
smokers should su�er from adverse moods when
they quit (Parrott, 1995b). However, while smokers
do report negative moods for several weeks post-
quitting, the long-term mood e�ects of cessation
are generally bene®cial. There are no cessation
studies which demonstrate long-term mood decre-
ments after quitting. Instead, several studies have
documented mood improvements. Cohen and
Liechtenstein (1990) assessed the moods of
smokers planning to quit smoking, both at (smok-
ing) baseline, and over the ensuing six months.
Successful quitters reported a steady decrease in
stress over the six month period. In contrast, those
who failed to quit reported high levels of daily
stress over the same period. Crucially, the stress
levels of successful and unsuccessful quitters were
identical at baseline, thus it was not just the `low
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stress' individuals who managed to quit. Two other
longitudinal studies have con®rmed that quitting
smoking leads to reduced feelings of stress (Carey
et al., 1993; Parrott, 1995b). Furthermore, cessation
also leads to a reduction in depression, restlessness
and irritability (Hughes, 1992; Hughes et al., 1994).
These ®ndings are completely opposite to those
predicted by the nicotine resource model. (Note:
the resource model could argue that if some
smokers do develop enduring mood decrements
when they quit, they will also tend to relapse. Thus
any group of long-term abstainers will be under-
represented by those who genuinely su�er without
nicotine. This needs to be empirically investigated).

In the present study, two ARU mood scales
failed to demonstrate any signi®cant ANOVA
e�ects: feelings of hunger and energeticness
(Table 3). These two measures were also the only
scales to show no signi®cant drug e�ects in a
previous 24-h tobacco abstinence study (Parrott
et al., 1996). The null ®ndings with the ARU
energeticness scale may be a re¯ection of its
wording; perhaps `alertness' might be more sensi-
tive to nicotine/abstinence than `energeticness'.
With reference to hunger, while most studies
have found increased ratings of hunger during
cessation, their time course seems to be gradual in
onset, yet persistent over time (Hughes et al., 1990,
1994; Surgeon General, 1988, 1990; West et al.,
1989). It may therefore be that the changes in
appetite under nicotine/abstinence are psycho-
biologically distinct from the changes in mood.

Turning to the cognitive ®ndings, both tasks
showed signi®cant ANOVA period e�ects, with
marked performance changes after the rest/
cigarette break. With letter cancellation, less stimuli
were scanned (p5 0.001), while correct detections
were reduced (p5 0.001; Tables 2 and 3); thus both
aspects of task performance deteriorated after the
rest/cigarette break. With mental arithmetic, more
problems were attempted (p5 0.001), but the
proportion of correct solutions was reduced
(p5 0.10; Table 3); thus mental calculations
became faster but somewhat less accurate after the
rest/cigarette break. These performance changes
occurred in all three subgroups, and may re¯ect the
general e�ects of fatigue and repetition. During the
debrie®ng, several subjects complained that the
letter cancellation task was very repetitive and
boring. Letter cancellation performance was gener-
ally similar across subgroups (Tables 2 and 3). The
similar performance levels for the abstinent and
nonabstinent smokers contrasts with previous

®ndings, since active smokers generally display
better sustained attention than deprived smokers
(Hughes et al., 1990; Parrott and Craig, 1992;
Parrott and Roberts, 1991; Revell, 1988; Wesnes
and Warburton, 1983; Williams, 1980). The
absence of any performance gains post-smoking is
also unlike previous ®ndings, where performance
gains generally occur with the ®rst cigarette
following abstinence (Parrott and Roberts, 1991;
Parrott and Winder, 1989; Revell, 1988; Williams,
1980). On the mental arithmetic task, deprived and
nondeprived smokers generated similar perform-
ance levels, both before and after the cigarette
break. These ®ndings were again untypical, since
previous studies have generally shown cognitive
impairments in deprived smokers compared to non-
deprived smokers, and performance improvements
when abstinent smokers are allowed to smoke
(Garnham and Parrott, unpublished; Snyder et al.,
1989; reviews by Hughes et al., 1990; Wesnes and
Parrott, 1992). In the current study, nonsmokers
attempted less problems than nondeprived smokers
and deprived smokers at both testing periods
(Tables 2 and 3). These ®ndings are indicative of
faster cognitive processing in smokers, irrespective
of their nicotine status (deprived or nondeprived).
But again this is untypical of most previous
research. No previous studies have shown nicotine
deprived smokers to be superior to nonsmokers,
whereas many trials have found them to be com-
paratively impaired (reviews by Sherwood, 1993;
Wesnes and Parrott, 1992; also Keenan et al., 1989).

Overall, therefore, the cognitive pro®les were
atypical in several ways: the similar performance by
deprived and nondeprived smokers; the absence of
any cognitive gains when deprived smokers
smoked; the slower mental arithmetic performance
of nonsmokers (Tables 2 and 3). Various factors
may have contributed to these unusual ®ndings.
Firstly, the parallel groups design, with subjects not
acting as their own controls. Secondly, the intensity
of the initial training, with subjects undergoing
massed practice on a single day. (Note: our
previous trials have used spaced practice sessions,
with three di�erent training days, e.g. Parrott and
Craig, 1992). Thirdly, the volume and repetitive-
ness of the testing regimen. On the training day,
subjects performed each cognitive task four times
in one hour, while on the test day, extended periods
of testing were again involved. This may have led
to fatigue or boredom, possibly masking the more
subtle cognitive e�ects of nicotine. The current
cognitive test ®ndings therefore need replication,
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with subjects tested on a less intensive programme,
and trained using spaced practice sessions.

REFERENCES

Carey, M. P., Kalra, D. L., Carey, K. B., Halperin, S. and
Richards, C. S. (1993). Stress and unaided smoking
cessation: a prospective investigation. Journal of Con-
sulting and Clinical Psychology, 61, 831±838.

Cherry, N. and Kiernan, K. E. (1978). A longitudinal
study of smoking and personality. In Smoking
Behaviour: Physiological and Psychological In¯uences,
Thornton, R. E. (Ed.), Churchill Livingstone,
Edinburgh.

Cohen, S. and Liechtenstein, E. (1990). Perceived stress,
quitting smoking, and smoking relapse. Health
Psychology, 9, 466±478.

Fant, R. V., Schuh, K. J. and Stitzer, M. L. (1995).
Response to smoking as a function of prior smoking
amounts. Psychopharmacology, 119, 385±390.

Foulds, J., Stapleton, J. A., Bell, N., Swettenham, J.,
Jarvis, M. J. and Russell, M. A. H. (1997). Mood
and physiological e�ects of subcutaneous nicotine
in smokers and never-smokers. Drug and Alcohol
Dependence (in press).

Garnham, N. J. and Parrott, A. C. (unpublished). The
e�ects of cigarette smoking and smoking deprivation
on high-stress and low-stress performance tasks
(submitted).

Gilbert, D. G. (1995). Smoking: Individual Di�erences,
Psychopathology and Emotion. Taylor & Francis,
Washington.

Gilbert, D. G. and Wesler, R. (1989). Emotion, anxiety
and smoking. In Smoking and Human Behaviour,
Ney, T. and Gale, A. (Eds), Wiley, Chichester.

Hopkins, R., Wood, L. E. and Sinclair, N. M. (1984).
Evaluation of methods to estimate cigarette smoke
uptake. Clinical Pharmacology and Therapeutics, 36,
788±795.

Hughes, J. R. (1991). Distinguishing withdrawal relief
and direct e�ects of smoking. Psychopharmacology,
104, 409±410.

Hughes, J. R. (1992). Tobacco withdrawal in self-
quitters. Journal of Consulting and Clinical Psychol-
ogy, 60, 689±697.

Hughes, J. R., Higgins, S. T. and Bickel, W. K.
(1994). Nicotine withdrawal versus other withdrawal
syndromes: similarities and dissimilarities. Addiction,
89, 1461±1470.

Hughes, J. R., Higgins, S. T. and Hatsukami, D. (1990).
E�ects of abstinence from tobacco. InRecent Advances
in Alcohol and Drug Problems, Vol. 10, Kowzlowski,
L. T., Annis, H. M. et al. (Eds), Plenum, New York.

Keenan, R. M., Hatsukami, D. K. and Anton, D. J.
(1989). The e�ects of short term smokeless tobacco
deprivation on performance. Psychopharmacology, 98,
126±130.

Mathews, G., Jones, D. M. and Chamberlain, A. G.
(1990). Re®ning the measurement of mood: the
UWIST Mood Adjective checklist. British Journal of
Psychology, 81, 17±42.

Newhouse, P. A., Sunderland, T., Narang, P. K.,
Mellow, A. M., Fertig, J. B., Lawlor, B. A.
and Murphy, B. L. (1990). Neuroendocrine, physio-
logic and behavioral responses following intravenous
nicotine in nonsmoking healthy volunteers and in
patients with Alzheimer's disease. Psychoneuro-
endocrinology, 15, 471±484.

Parrott, A. C. (1994a). Individual di�erences in stress
and arousal during cigarette smoking. Psychopharma-
cology, 115, 389±396.

Parrott, A. C. (1994b). Does cigarette smoking increase
stress? Addiction, 89, 142±144.

Parrott, A. C. (1995a). Stress modulation over the day in
cigarette smokers. Addiction, 90, 233±244.

Parrott, A. C. (1995b). Smoking cessation leads to
reduced stress; but why? International Journal of the
Addictions, 30, 1509±1516.

Parrott, A. C. (1998). Nesbitt's Paradox resolved? Stress
and arousal modulation during cigarette smoking.
Addiction, 93, 27±39.

Parrott, A. C. and Craig, D. (1992). Cigarette smoking
and nicotine gum (0 mg, 2 mg, 4 mg): e�ects upon four
visual attention tasks. Neuropsychobiology, 25, 34±43.

Parrott, A. C. and Roberts, G. (1991). Smoking depriva-
tion and cigarette reinstatement: e�ects upon visual
attention. Journal of Psychopharmacology, 5, 402±407.

Parrott, A. C. and Winder, G. (1989). Nicotine chewing
gum (2 mg, 4 mg) and cigarette smoking: comparative
e�ects upon vigilance and heart rate. Psychopharma-
cology, 97, 257±261.

Parrott, A. C., Garnham, N. J., Wesnes, K. and Pincock,
C. (1996). Cigarette smoking and abstinence:
comparative e�ects upon cognitive task performance
and mood state over 24 hours. Human Psychopharma-
cology, 11, 391±400.

Revell, A. (1988). Smoking and performance: a pu�-by-
pu� analysis. Psychopharmacology, 96, 563±565.

Schachter, R. (1978). Pharmacological and psychological
determinants of smoking. In Smoking Behaviour,
Physiological and Psychological In¯uences, Thornton,
R. E. (Ed.), Churchill-Livingstone, Edinburgh.

Sherwood, N. (1993). E�ects of nicotine on human
psychomotor performance. Human Psychopharma-
cology, 8, 155±184.

Shi�man, S. and Jarvik, M. (1976). Smoking nicotine
withdrawal symptoms in two weeks of abstinence.
Psychopharmacology, 50, 35±39.

Silverstein, B. (1982). Cigarette smoking, nicotine addic-
tion, and relaxation. Journal of Personality and Social
Psychology, 42, 946±950.

Snyder, F. R., Davis, F. C. and Henning®eld, J. E.
(1989). The tobacco withdrawal syndrome: perform-
ance decrements assessed on a computerised test
battery. Drug and Alcohol Dependence, 23, 259±266.

# 1998 John Wiley & Sons, Ltd. Hum. Psychopharmacol. Clin. Exp. 13, 367±376 (1998)

MOOD STATES AND SMOKING 375



Surgeon General (1988). Nicotine Addiction: the Health
Consequences of Smoking. US Government Printing
O�ce, Washington DC.

Surgeon General (1990). The Health Bene®ts of
Smoking Cessation. US Government Printing O�ce,
Washington DC.

Warburton, D. M. (1988). The puzzle of nicotine use.
In The Psychopharmacology of Addiction, Lader, M.
(Ed.), Oxford University Press, Oxford.

Warburton, D. M. (1992). Smoking within reason.
Journal of Smoking-related Disorders, 3, 55±59.

Wesnes, K. and Parrott, A. C. (1992). Smoking, nicotine
and human performance. In Factors A�ecting Human
Performance, Volume II, Smith, A. and Jones, D.
(Eds), Academic Press, London.

Wesnes, K. and Warburton, D. M. (1983). Smoking,
nicotine and human performance. Pharmacology and
Therapeutics, 21, 189±208.

West, R. J. (1993). Bene®cial e�ects of nicotine: fact or
®ction? Addiction, 88, 589±590.

West, R. J. (1994). Bene®cial e�ects of nicotine: a reply
to Pritchard and Robinson. Addiction, 89, 482.

West, R., Hajek, P. and Belcher, M. (1989). Time course
of cigarette withdrawal symptoms while using nicotine
gum. Psychopharmacology, 99, 143±145.

Williams, G. D. (1980). E�ect of cigarette smoking on
immediate memory and performance in di�erent
types of smoker. British Journal of Psychology, 71,
83±90.

# 1998 John Wiley & Sons, Ltd. Hum. Psychopharmacol. Clin. Exp. 13, 367±376 (1998)

376 A. C. PARROTT AND N. J. GARNHAM


