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Abstract

In an open study, we determined whether there were sex differences in the mood ratings of non-deprived light smokers and nonsmokers
under baseline conditions and after completing a battery of cognitive tests that were mildly stressful. Male and female students who were
light smokers (5—12 cigarettes a day) were tested immediately after smoking their usual cigarette, at a time that they normally smoked. They
were compared with a group of male and female students who were nonsmokers and did not differ on age, 1Q, personality measures, anxiety
or depression. Compared with the nonsmokers, both male and female smokers felt overall significantly more discontented, troubled, tense,
quarrelsome, furious, impatient, hostile, annoyed and disgusted and experienced greater dizziness. The performance of distracting cognitive
tasks did not reveal anxiolytic effects of smoking, and after performance of these tasks, both smokers and nonsmokers became more
discontented and anxious. In addition, after the cognitive testing, both male and female smokers showed greater increases than nonsmokers in
feeling spiteful, rebellious, incompetent and in sweating, suggesting that they experienced greater mood changes in response to cognitive
stress. There were no overall differences between the smokers and nonsmokers in the performance of divided or sustained attention tasks or
in episodic memory. It is unlikely that either nicotine withdrawal or differences in cognitive performance could account for the greater

anxiety, discontent and aggressive mood that was found in smokers. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

About 28% of the British population still smoke, and in
recent years, teenage girls have accounted for the majority of
new smokers (Royal College of Physicians, 2000). Adoles-
cent smokers report significantly higher levels of nervous-
ness, stress and anxiety than do age-matched nonsmokers
and 64% of adolescent female smokers report feeling calmer
after smoking (Royal College of Physicians, 2000). Smokers
have been found to have higher levels of neuroticism and
neurotic traits (anxiety, depression and anger) than non-
smokers (Spielberger and Jacobs, 1982; Gilbert and Gilbert,
1995). Anda et al. (2000) have shown that young adult
smokers are significantly more depressed than nonsmokers,
even when matched for adverse life events and teenage
smokers are more depressed than nonsmokers. However, it
is difficult to determine causality from these observations. It
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could be that preexisting mood differences contribute to the
initiation of smoking, and, at least, in some cases, that
smoking is initiated as a means of self-medicating negative
mood states (Gilbert and Gilbert, 1995; Sonntag et al., 2000).
Results from animal studies suggest that nicotine might have
biphasic effects on anxiety, with low doses reducing, and
high doses enhancing, anxiety (File et al., 1998). It is thus
also possible that the effects of nicotine itself might con-
tribute to negative mood states (see Parrott, 1999). Perkins
et al. (1994) found that, compared with placebo, nicotine
increased subjective tension, even in smokers. Breslau et al.
(1998) have shown that depression increases in youngsters
who take up smoking, and when smokers give up smoking,
they report better mood and lower anxiety after the first
week of abstinence (Hughes et al., 1990; West and Hajek,
1997). Thirdly, it could be that the increased incidence of
negative mood (anxiety, depression and anger) in smokers
can be explained by mood changes during repeated periods
of nicotine withdrawal (Hughes et al., 1984, 1991, Parrott,
1994, 1995; Heishman et al., 1994; Warburton and Man-
cuso, 1998). Finally, there is evidence that common genetic
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factors might influence vulnerability to both smoking and
depression (Quattrocki et al., 2000).

There are relatively few studies that have focussed on
possible sex differences in response to nicotine, but, in
general, females seem less sensitive than males to the
reinforcing effects of nicotine (see Perkins et al., 1999 for
review). Positive correlations have been found between
testosterone levels in females and cigarette use in adoles-
cence and young adulthood (Martin et al., 2001), raising the
possibility that testosterone might be an important direct or
indirect mediator of nicotine’s reinforcing effects. In con-
trast, animal experiments suggest that female adolescent rats
are more sensitive than males to the anxiolytic effects of
nicotine (Cheeta et al., 2001). This possibility was supported
by recent findings of sex differences in mood changes
induced by nicotine after stress. File et al. (2000, 2001)
found that, in nonsmokers, nicotine had calming effects after
stress in young female students, whereas in male students, it
enhanced ratings of anxiety, aggression and discontent.

The purpose of the present study was not to examine the
effects of nicotine in smokers (e.g. by comparing mood
before and after abstinence), but to explore possible sex
differences in mood between nondeprived light smokers and
nonsmokers before and after completing a battery of cog-
nitive tests. Kassel and Unrod (2000) found that smoking
reduced anxiety when smokers were engaged in a distract-
ing task, and they interpreted this as evidence that nicotine’s
anxiolytic effects were secondary to improved attention. In
other words, smoking reduces anxiety by concentrating
attention on immediately salient stimuli associated with
the task and away from distressing thoughts. It was therefore
possible that smokers would experience a different pattern
of mood changes after completion of the cognitive tests than
would nonsmokers and that there might be sex differences
in these changes. In previous studies (e.g. File et al., 2001) it
has been found that performance of this cognitive test
battery was stressful, insofar as it increased ratings of
anxiety, discontent and aggression. The mood ratings were
completed before the cognitive tests (prestress) and at the
end of testing (poststress), thus allowing determination of
the effects of cognitive stress on mood. It was after the stress
of cognitive testing that sex differences emerged in response
to nicotine in nonsmokers, with females showing an anx-
iolytic response to nicotine, but males showing increased
anxiety and aggression (File et al., 2001).

2. Materials and methods
2.1. Subjects

Thirty-six medical students (9 female smokers and 9 fe-
male nonsmokers, 8 male smokers and 10 male non-
smokers) were recruited to the study and were told that
the study would compare the performance of smokers and
nonsmokers on cognitive tests. No mention was made of the

purpose to assess mood changes. The students were paid
£10 for their participation. The study was approved by the
Guy’s Hospital Research Ethics Committee and all volun-
teers gave written informed consent. All the volunteers were
healthy and medication free at the time of testing and had
not consumed any caffeine-containing beverages for 2 h
before testing. The smokers smoked between 5 and 12 ciga-
rettes a day and had done so for at least a year. None of
the nonsmokers smoked cannabis, and smokers who also
smoked cannabis were excluded from the study. This re-
sulted in the exclusion of several students, but as a result,
none of the subjects that we tested were users of Ecstasy or
any other illicit drug.

2.2. Procedure

2.2.1. Rating scales

An estimate of verbal IQ was obtained using the National
Adult Reading Test revised version (NART-R; Nelson and
Willison, 1991). Anxiety and depression were measured
using the Hospital Anxiety and Depression Scale (HAD;
Zigmond and Snaith, 1983), and extraversion and neurotic-
ism were measured using the Eysenck Personality Question-
naire (Eysenck and Eysenck, 1976). Testing was scheduled
for each smoker at a time they would normally smoke and
this was most typically after 1-2 h of abstinence. Testing
began 5 min after smoking all of their usual cigarette (for the
smokers only). First, the volunteers completed analogue
mood and aggression rating scales (Bond and Lader, 1974,
1986), by placing a vertical line across each 100-mm
horizontal line between two opposite adjectives. They then
completed analogue ratings of bodily symptoms. The ratings
completed at this stage are the ‘prestress’ ratings. All the
rating scales were again completed at the conclusion of the
cognitive testing and constituted the “poststress’ ratings.

2.2.2. Cognitive tests

Volunteers were shown 20 pictures, each for 3 s, and told
to name each one and to try and remember as many as
possible as they would be asked to recall them about 20 min
later. They were then given the digit—symbol substitution
(DSS) test, which is a subtest of the WAIS-R (Weschler,
1981) and is a measure of attention and psychomotor speed.
Volunteers were given a sheet of paper with the digits 1-9
in random order. With the use of a key containing a
corresponding symbol for each digit, the task was to place
the correct symbol in the empty box below each digit. This
task lasted for 3 min, and at the same time, volunteers had to
perform a second task, that of counting the number of gaps
that there were in the music that was played during the DSS
task. This therefore provided a test of divided attention. In
the delayed matching to sample (DMTS; Owen et al., 1995)
test from the Cambridge Neuropsychological Test Auto-
mated Battery (CANTAB; CeNeS, Cambridge), initially, a
pattern was shown on a computer screen, simultaneously
with a choice of four patterns. The latency to select the
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Table 1

Mean (£S.E.M.) age, estimated IQ (NART_R), extraversion and neuroti-
cism (Eysenck Personality Questionnaire), anxiety and depression (Hospital
Anxiety and Depression scale), daily cigarette consumption and daily
caffeine (expressed as cups of instant coffee) and weekly alcohol (U) intake
of female and male smokers and nonsmokers

Smoker Nonsmoker

Female Male Female Male
Age 20.4+0.4 21.1+0.3 20.4+0.2 21.2+0.5
1Q 108.9+2.3 1104+1.8 111.1+£23 111.9+2.5
Extraversion 152+0.8 16.3£1.6 14.0+1.4 14.8+£1.7
Neuroticism 84+1.0 8.8+2.2 10.8+1.5 74+13
Anxiety 7.1+0.4 6.8+2.1 6.7+1.2 44+0.7
Depression 2.3+0.8 1.8+0.8 1.8+0.3 1.1£0.4
Caffeine (cups/day) 3.0£0.8 53+0.9 23+1.7 3.0£2.8
Alcohol (U/week) 17.0+3.5 23.9+6.1 9.0+4.7  20.1£5.0
Cigarettes/day 8.1+1.0 8.5+1.1 0 0

correct pattern was recorded. A series of test patterns were
then shown, but each then disappeared for 4 or 12 s before
being replaced with a choice of four patterns. The latencies
to respond correctly were recorded. In the rapid visual
information processing test (RVIP; Wesnes and Warburton,
1983) a series of digits was presented on a computer screen
at a rate of 100 digits/min. The task was to respond as
quickly as possible when three consecutive odd or even
numbers were shown. Each block lasted for 1 min, and there
were four blocks of nine series of digits, thus, the maximum
number of correct responses (hits) was 36. The Paced
Auditory Serial Addition Test (PASAT) measures sustained
attention (Spreen and Strauss, 1991). This involves adding
together successive pairs of digits read from a list of
61 numbers, presented at different speeds from one digit
every 2.4 s (Tape A) to one digit every 1.2 s (Tape D). The
total number of correct responses (maximum 60) was
recorded for each trial. Long-term episodic memory was
measured by presenting a set of 20 pictures of common
objects, each picture was shown for 3 s, and then 20 min
later, the volunteers were asked to recall as many of these
as possible.

2.3. Statistics

The data were analysed by two-way analyses of variance
with smoking status and sex as the two independent factors.
Where there were repeated measures (as in the mood ratings
or the PASAT), three-way between—within analyses of
variance were conducted. A significant difference between
smokers and nonsmokers would be revealed by a significant
main effect of smoking status. If the effect of smoking
differed for males and females there would be a significant
Sex x Smoking Status interaction. A significant influence of
the cognitive stress would be revealed by a significant stress
factor, and an interaction between stress and smoking status
would show a difference in response to stress between
smokers and nonsmokers. A significant interaction between
stress and sex would show a sex difference in response to

stress that was independent of smoking status. Probability
levels are cited for results close to or reaching significance,
otherwise, nonsignificant effects are indicated by ns. Error
scores on the cognitive tests were analysed by nonparamet-
ric Mann—Whitney U tests since the number of zero scores
skewed the distribution.

3. Results
3.1. Group characteristics

The groups did not differ significantly on age, IQ, ex-
traversion or introversion [ F(1,32)< 1.0, ns in all cases], or
in anxiety or depression [£(1,32)<1.4, ns in both cases]
(see Table 1). They did not differ significantly in their
daily consumption of caffeine-containing drinks, but there
were trends for the smokers to consume more caffeine
[F(1,32)=3.4, P<.10] and for males to consume more than
females [F(1,32)=3.4, P<.10]. Because almost all the
caffeine consumption was instant coffee, the caffeine intake
has been standardised as cups of coffee. There was no
significant difference between smokers and nonsmokers in
their weekly alcohol consumption [ F(1,32)=1.9, ns], but
males drank more than females [ F(1,32)=4.4, P<.05].

3.2. Mood ratings

3.2.1. Effects of smoking status

Only one bodily symptom showed a significant differ-
ence between smokers and nonsmokers. The smokers felt
significantly more dizzy than the nonsmokers [ F(1,32)=
6.8, P=.01]. However, there was also a trend for the smo-
kers to have greater symptoms of sweating [ F(1,32)=3.0,
P=.09] and of dry mouth [F(1,32)=3.4, P<.07] (see
Table 2). In all cases, these differences were found in
both males and females.

From the mood scale developed by Bond and Lader
(1974), three independent factors can be extracted, meas-
uring alertness, contentment and calmness. There was no

Table 2
Mean £ S.E.M. scores on analogue rating scales of bodily symptoms and the
mood factors isolated from the Bond and Lader mood scale

Nonsmokers Smokers
Dizzy 5.6£2.0 19.4+£4.9 **
Sweating 17.8+3.8 27.7+£4.0%**
Dry Mouth 15.0+3.8 27.9+6.1
Palpitations 18.5+3.9 20.1+3.4
Physical Tiredness 32.7+4.3 38.9+6.1
Mood Factor 1 Alertness 442421 40.8+2.3
Mood Factor 2 Discontented 452+1.5 50.5+1.9*
Mood Factor 3 Anxiety 54.7+2.4 61.6+2.3%%*

* P<.05, compared with nonsmokers.
** P<.01, compared with nonsmokers.
*** P<.10, compared with nonsmokers.
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difference between the smokers and nonsmokers on the
alertness factor [ F(1,32)=1.1, ns], but the smokers were
significantly less contented than nonsmokers [ F(1,32)=5.2,
P<.03] and less calm [ F(1,32)=3.8, P<.06] (see Table 2).
These differences with smoking status were reflected in
several individual measures of mood and the differences
were found in both males and females. Thus, the smokers
were more discontented [ F(1,32)=4.3, P<.05], troubled
[F(1,32)=8.5, P<.01], tense [F(1,32)=6.7, P=.01] and
mentally slow [ F(1,32)=4.4, P<.05] (see Fig. 1). The only
mood rating to show a sex difference according to smoking
status was proficient [Smoking Status x Sex interaction,
F(1,32)=4.2, P<.05]; this was because whereas the smok-
ing females rated themselves as less proficient than did the
nonsmoking females, in the males, the pattern was reversed.

The smokers had higher ratings on several items relating
to aggressive mood and again these changes showed no sex
differences. Thus, they were more quarrelsome [ F(1,32)=
7.0, P=.01], furious [F(1,32)=5.0, P<.04], impatient
[F(1,32)=6.4, P<.02], unfriendly [ F(1,32)=6.4, P<.02],
annoyed [ F(1,32)=5.0, P<.04 and disgusted [ F(1,32)=
4.1, P=.05] (see Fig. 2).

3.2.2. Effects of cognitive stress and smoking status

The performance of the cognitive test battery was stress-
ful, insofar as it resulted in significantly increased ratings of
feeling discontented [Stress, F(1,32)=28.5, P<.001] and
anxious [Stress, F(1,32)=71.4, P<.0001], and these changes
were found equally in smokers and nonsmokers and in males
and females (Table 3). In addition, after the stress of cognitive
testing, a few more mood differences emerged between the
smokers and nonsmokers, with the smokers showing a
greater response to stress (Fig. 3), but none of these differed
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Fig. 1. Mean=S.E.M. analogue ratings (0—100 mm) of feeling dis-
contented, troubled, tense and mentally slow of nonsmokers (NS) and
smokers (S). ** P<.01, * P<.05 compared with nonsmokers.

for males and females. Thus, whilst everyone felt less
proficient after the cognitive tests [Stress, F(1,32)=22.4,
P<.0001], this was more marked in the smokers [Stress x
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Fig. 2. Mean+ S.E.M. analogue ratings (0—100 mm) of feeling quarrelsome, furious, impatient, hostile, annoyed and disgusted by nonsmokers (NS) and

smokers (S). * P<.05 compared with nonsmokers.
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Table 3

Mean+S.E.M. scores of female and male students on analogue rating
scales of bodily symptoms and the mood factors isolated from the Bond and
Lader mood scale before (pre) and after (post) exposure to the stress of
cognitive testing

Females Males

Prestress  Poststress  Prestress ~ Poststress

Sweating * 17.7+4.0 28.6+5.7 10.0+2.7 33.6+5.8
Palpitations * 12.1+£2.5 349469 11.3+£2.1 18.7+4.8
Physical Tiredness * 452+6.7 354+58 282+47 33.7+53
Factor 1 ** Alertness 40.0+3.0 452+2.0 472+2.6 38.1+3.2
Factor 2*** Discontented 41.6+1.6 50.5+2.3 429+19 55.8+3.0
Factor 3*** Anxiety 47.1+£2.6 71.9+34 479+33 652+2.7

* P<.05, Sex x Stress interaction.
** P<.01, Sex x Stress interaction.
*k% P<.001, effect of stress.

Smoking Status interaction, F(1,32)=5.4, P<.03]. After
stress, the smokers, but not the nonsmokers, showed signific-
ant increases in ratings of feeling spiteful [Stress x Smoking
Status interaction, F(1,32)=4.8, P<.04] and rebellious
[F(1,32)=5.4, P<.03]. After stress, the smokers also
showed a greater increase than nonsmokers in their rating
of sweating [ F(1,32)=5.1, P<.03].

3.2.3. Sex differences in response to stress

After stress, several sex differences were found in the
students’ ratings of bodily symptoms, and all were inde-
pendent of smoking status (see Table 3). After stress, both

sexes showed an increased rating of sweating, but the
increase was greater in males [Sex x Stress, F(1,32)=4.5,
P<.05]. In contrast, the females showed a greater increase
in ratings of palpitations [Sex x Stress, F(1,32)=6.5,
P<.02]. After stress, the females felt less physically tired,
whereas the males felt more tired [Sex x Stress, F(1,32)=
4.8, P<.04].

This same pattern was found on the alertness factor from
the Bond and Lader mood scale. After stress, the females
felt significantly more alert, whereas the males felt less alert
[Sex x Stress, F(1,32)=11.3, P<.0002] (see Table 3).

Several individual mood ratings showed sex differences
after stress, see Fig. 4. Females felt more alert, clear-headed,
energetic, quick-witted, interested, proficient and attentive,
whereas males showed changes in the opposite direction
[Sex x Stress, F(1,32)=9.2, P<.005; 14.1, P<001; 5.8,
P<.02; 8.6, P<.01; 17.7, P<.0002; 5.4, P<.03; 2.8,
P=10, respectively]. Both males and females became less
calm after stress, but the change was greater in females
[Sex x Stress, F(1,32)=5.2, P<.03].

3.3. Cognitive performance

There were no significant effects in performance on the
DSS test or on detecting gaps in music (data not shown), but
on the other tests, some differences were found that were
dependent on both smoking status and sex (see Table 4).
For the number of pictures correctly recalled, there was
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Fig. 3. Mean=+S.E.M. analogue ratings (0—100 mm) of feeling proficient, spiteful, rebellious and sweating before (PRE) and after (POST) the stress of
cognitive testing by nonsmokers (A- - - - - A) and smokers (A——A). * P<.05, Smoking x Stress interaction.
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Fig. 4. Mean+ S.E.M. analogue ratings (0—100 mm) of alert, clear-headed, energetic, quick-witted, interested and proficient made before (PRE) and after

(POST) the stress of cognitive testing by females m——m and males @- - -

a significant Smoking x Sex interaction [F(1,32)=7.0,
P<.01], because the female smokers performed better than
nonsmokers, whereas the male smokers performed worse
than nonsmokers. Thus, the best performance was by
female smokers, whereas the male smokers accounted for
the worst.

In the DMTS test, there was again a significant Smo-
king x Sex interaction in the latency to make a correct
choice [ F(1,32)=4.1, P<.05]. However, on this occasion,
it was the male smokers who performed fastest and the male
nonsmokers who were slowest. Similar, but nonsignificant,
trends were found for the 4- and 12-s delays [Smo-
king x Sex, F(1.32)=2.6 and 2.0, respectively, ns]. There
was a significant sex difference in the number of errors
made on the DMTS test, with the females making signific-
antly more errors on shape than males (z=2.3, P<.02).

In the RVIP test, there was no effect of smoking status
on the latency to respond [Smoking, F(1,32)=1.3, ns], but

- - -@. ¥ P< 001, **P<.01, *P<.05, Sex x Stress interaction.

the females were significantly slower than males [Sex,
F(1,32)=11.2, P<.002], and this difference was significant
on all four blocks of trials in this test. On Block 1, there was
a significant Smoking x Sex interaction [F(1,32)=4.2,
P<.05], because the female smokers made significantly
fewer hits than the male smokers, but this sex difference
was not seen in nonsmokers. A similar pattern was seen in
the number of misses on Block 1, with the female smokers
significantly worse than the male smokers (P=.01), but
there was no sex difference in the nonsmokers. With regard
to the false alarms, the male smokers made significantly
more false alarms than female smokers on Block 1 (P <.05)
and on false alarms on all four of the blocks (P <.05), but
there was no sex difference in the nonsmokers.

In the PASAT, there was a significant Speed x Smoking
interaction [F(3,29)=3.0, P<.05], because although the
smokers always performed worse than nonsmokers the
difference became most marked at the third fastest speed
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Table 4

Mean £ S.E.M. number of pictures correctly recalled, latency (ms) to make a correct response in the simultaneous condition of the DMTS test, number of shape
errors in DMTS, latency (ms) for correct hits in the RVIP test and number of hits, misses and false alarms on Block 1 and correct responses in the PASAT made

by female and males smokers and nonsmokers

Smoker Nonsmoker

Female Male Female Male
Picture Recall*** 12.7+0.9 8.8£1.0 9.8+0.9 11.4+1.2
DMTS latency*** 2104.9+189.0 1893.1+217.8 1970.3+112.7 2513.3+206.4
Shape Errors**** 1.3+0.4 0.4+0.2 1.9+0.7 0.6+0.3
RVIP latency**** 1774.7+39.5 1451.3+£96.8 1858.9+137.9 1574.7+£61.8
Hits Block 1 5.6+0.5*% 7.1£0.4 7.3+£0.3 7.1£0.5
Misses Block 1 3.4+0.5%* 1.9+0.4 1.7+0.3 1.9+0.5
False Alarms 0.2+1.0* 1.0£0.3 0.6+0.2 0.5+0.2
PASATH* % 285+1.6 32.3+2.0 33.8+3.6 36.4+2.4

* P<.05, compared with male smokers.
** P<.01, compared with male smokers.
**% P<.05, Smoking x Sex interaction.
#kEEk P< 05, sex difference.

*H*xx P<.05 smokers versus nonsmokers.

(P<.05). The worst performance was by female smokers
and the best by male nonsmokers (see Table 4).

4. Discussion

Gilbert and Gilbert (1995) reported that smokers had
higher levels of neurotic traits (anxiety, depression and
anger) than nonsmokers. Our results show that similar
differences exist in ratings of current mood state, even when
the ratings are made by nondeprived light smokers under
baseline conditions. The present results suggest that the
mood differences are not restricted to anxiety and depres-
sion, but also extend to clear differences in aggressive
mood. The mood differences between smokers and non-
smokers were found equally in females and males, and
Kassell and Shiffman (1997) also found no sex differences
in the effects of smoking on mood. A possibility that should
be considered is whether the differences that we have found
between our smokers and nonsmokers could have occurred
by the chance selection of two groups of 18 medical
students. Because of the uniformity in age, IQ and education
in our medical students we have shown that the use of an
independent group design is as sensitive as a repeated
measure design in assessing the effects of benzodiazepines
on cognitive performance (File, 1992). The use of an
independent group design has also proved sensitive to the
cognitive-enhancing effects of glycine (File et al., 1999). In
our previous study on nonsmokers in which we used a
similar battery of cognitive tests, we found similar levels of
anxiety and aggression ratings to those found in the non-
smokers in the present study. It would therefore seem
unlikely that a randomly occurring group difference could
be the sole explanation of our results.

One of the problems that we encountered was in finding
students who smoked cigarettes, but who did not also
regularly smoke cannabis. Consumption of recreational

drugs was an exclusion factor in our study, but in a future
study it would be interesting to compare mood states
between smokers of nicotine alone and smokers who
smoked both nicotine and cannabis. The design of the
present experiment did not allow us to determine whether
the differences in mood state between light smokers and
nonsmokers were due to constitutional differences between
smokers and nonsmokers or whether they were due to long-
term effects of nicotine. There is evidence from other studies
that both of these factors might be operating (Gilbert and
Gilbert, 1995; Sonntag et al., 2000; Perkins et al., 1994;
Breslau et al., 1998; West and Hajek, 1997). It was not the
purpose of the present study to assess the change in mood in
smokers between a deprived and nondeprived state. How-
ever, most studies have found that the mood of smokers is
worse in the abstinent state than it is after smoking a
cigarette or receiving nicotine (Hughes et al., 1984; Parrott,
1994, 1995; Heishman et al., 1994; Warburton and Man-
cuso, 1998).

Smoking has not always been found to have an anxiolytic
effect, and Kassel and Shiffman (1997) found that smoking
reduced anxiety only when smokers were engaged in a
distracting task. They interpreted this as evidence that the
anxiolytic effects of smoking were secondary to improved
attention. Thus, smoking enhanced and focussed attention to
the cues associated with the task and away from distressing
thoughts. Our battery of cognitive tests would have certainly
occupied the volunteers’ attention, but there was no evid-
ence of the smokers experiencing reduced anxiety compared
with nonsmokers. In fact, they experienced even greater
negative mood changes. Could an explanation of this be that
the smokers had enhanced attention to the tests, which were
themselves a source of anxiety? The results from the
cognitive tests provided no evidence that the smokers had
enhanced attention compared with the nonsmokers. There
was no difference in performance of the test of divided
attention and smokers did not perform better in either of the
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tests of sustained attention. However, it remains possible
that the smokers attended more to the distressing aspects of
the test than did the nonsmokers.

We found that our light nondeprived smokers performed
no better than nonsmokers in the memory tests, which
agrees with the previous findings of Phillips and Fox
(1998). We also found no evidence of better performance
by smokers in tests of attention and they performed worse in
PASAT. This is similar to the finding of Spilich et al. (1992)
that nondeprived smokers performed worse than non-
smokers in a test of sustained attention. These results are
not in conflict with studies that have shown that nicotine
improves performance in both smokers and nonsmokers
(Wesnes and Warburton, 1978, 1984; Wesnes et al., 1983;
Provost and Woodward, 1991; Foulds et al., 1996; Mancuso
et al., 1999), since these used abstinent smokers. For
example, nicotine improved performance in the RVIP test
in abstinent smokers (Mancuso et al., 1999; Foulds et al.,
1996; Warburton and Mancuso, 1998).

The main purpose of the present experiment was to
explore possible sex differences in the mood of smokers
and nonsmokers, and especially the way in which these
might be revealed after the stress of cognitive testing. We
had previously found (File et al., 2000, 2001) that nicotine
administration to nonsmokers had calming effects in
women, but enhanced anxiety and aggressive feelings in
males. This pattern of results was not found when we
compared smokers and nonsmokers. In both sexes, smokers
were found to feel more discontented, troubled and aggress-
ive, and these differences were further enhanced by the
stress of cognitive testing. In a similar study, when mood
ratings were made after cognitive tests, Netter et al. (1998)
found that smoking increased feelings of arousal and emo-
tional tension in nondeprived female smokers. In those with
higher neuroticism scores, smoking also increased ratings of
anxiety and sadness. Whilst there may well be beneficial
mood effects that result from smoking reversing the adverse
effects of withdrawal (e.g. Hughes et al., 1984), and in
conditions in which smokers are engaged in a benign
distracting task (Kassel and Shiffman, 1997), the results of
the present study suggest that these are by no means
universal. Indeed, the enhanced aggressive mood that was
evident even at baseline in our group of light, nonabstinent
smokers suggests that it might be a quite prevalent finding.

The most recent studies on individual propensity to
smoking have found that smoking is influenced by an
interaction between neuroticism and the 5-HTTLPR-S geno-
type of the 5-HT transporter gene (Lerman et al., 2000; Hu
et al., 2000). This is particularly interesting, since animal
studies have shown that both nicotine’s anxiolytic and
anxiogenic effects are mediated by the 5-HT system (Kenny
et al., 2000; Cheeta et al., 2000, 2001). We do not yet know
whether nicotinic modulation of aggression is mediated by
the 5-HT system, but there is considerable evidence for an
interaction between anxiety, the 5-HT system and aggressive
behaviour (Rodgers, 1991). Thus, the mood differences that

we have found between smokers and nonsmokers may be
the result of both genetic factors and direct effects of
nicotine, mediated by the 5-HT system.
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