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during cigarette smoking 

Abstract. Self-rated feelings of stress and arousal were 
monitored before and after each cigarette, over a day of 
normal smoking. Subjects comprised 105 unpaid volun- 
teers (65 female, 40 male; mean age 30.4 years; mean 
consumption 12.4 cigarettes on test day). Feelings of 
arousal were significantly higher post-smoking than pre- 
smoking. The degree of arousal change was monotoni- 
cally related to scores on the smoking motivation ques- 
tionnaire (SMQ) stimulant subscale, with high stimulant 
smokers reporting the greatest arousal modulation. How- 
ever stimulant smokers reported low arousal before smok- 
ing, rather than high arousal after smoking. Feelings of 
stress were significantly lower post-smoking than pre- 
smoking. The degree of stress change was monotonically 
related to scores on the SMQ sedative subscale, with high 
sedative smokers reporting the greatest stress change. This 
confirms the criterion validity of this second SMQ sub- 
scale. However, as with the arousal data, sedative smokers 
tended to report high stress before smoking, rather than 
low stress after smoking. Smoking did not therefore pro- 
duce advantageous post-cigarette feeling states. Instead, 
mood modulation largely comprised the alleviation of 
poor psychological states prior to smoking. These stress 
and arousal changes often occurred simultaneously, 
against the predictions of the arousal modulation theory. 
Arousal modulation and stress modulation should there- 
fore be seen as separate and independent processes. Last- 
ly, feelings of stress and arousal fluctuated repeatedly over 
the day, with improved moods immediately after smoking, 
but impaired moods developing between cigarettes. These 
mood reversals provide a clear psychological rationale for 
the repetitive (addictive) nature of nicotine use. 
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Cigarette smoking can affect a wide range of psychologi- 
cal functions. Deprivation generally leads to feelings of 
irritability and tension, whereas smoking is often accom- 
panied by feelings of relaxation and pleasure (Schachter 
1978; Speilberger 1986; Warburton 1988; Gilbert and 
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Wesler 1989; McNeil 1991). Deprived smokers frequently 
display EEG signs of reduced alertness, and impaired 
performance on tasks requiring sustained attention. How- 
ever, when deprived smokers are allowed to smoke, they 
typically demonstrate increased alertness and improved 
vigilance (Knott and Venables 1977; Wesnes and Warbur- 
ton, 1983; Surgeon General 1988; Church 1989; Parrott 
and Roberts 1992). Questionnaire studies have confirmed 
that two major reasons for smoking are mood control and 
stimulation/alertness (McKennell 1970; Frith 1971; 
Wesnes et al. 1984). 

There are, however, areas of uncertainty concerning 
these psychological changes. For instance, it has often 
been debated whether smoking generates true improve- 
ments in mood and alertness, or simply reverses the del- 
eterious effects of deprivation (Surgeon General 1988; 
Warburton et al. 1988; Gilbert and Wesler 1989; Pomer- 
leau and Pomerleau t991; Parrott 1992; Wesnes and Par- 
rott t992; West 1993). Another question concerns whether 
these psychological changes occur simultaneously, or are 
mutually exclusive. The arousal modulation theory sug- 
gests that cigarettes are sometimes used to increase 
arousal, and at other times to decrease feelings of stress, 
but not both together; stimulation and sedation are seen 
as mutually exclusive (Ashton et al. 1978; Mangan and 
Golding 1984). However, the empirical rationale for this 
theory has been questioned, since there are few empirical 
data on simultaneous feelings of alertness and stress while 
smoking (Parrott 1992). Another area of uncertainty con- 
cerns pharmacodynamic tolerance, with disagreement 
over whether the subjective effects of nicotine display 
acute tolerance (Warburton et al. 1988; Russell 1989; West 
1990). It was in order to investigate the above issues, that 
the present series of studies was undertaken (O'Neill and 
Parrott 1992; Parrott 1992, 1993; Parrott and Joyce 1993). 
These trials differed from previous research in the follow- 
ing ways. Firstly, they simultaneously assessed feelings of 
stress and arousal. Secondly, self-ratings were monitored 
immediately prior to smoking, then again immediately 
after smoking, in order to measure the mood effects of 
single cigarettes. Thirdly, the repeated dose paradigm was 
used, with mood states monitored over successive ciga- 
rettes, and in-between cigarettes. Lastly, these studies were 
conducted under normal environmental conditions, 
rather than in the laboratory. 
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This series of trials conf i rmed previous  findings of 
decreased stress and  increased arousal ,  fol lowing smoking  
(O'Nei l l  and  Pa r ro t t  1992; Pa r ro t t  1992, 1993). The 
a rousa l / s t r e s s  changes often occurred  s imul taneously ,  
counter  to the predic t ions  of  the a rousa l  m o d u l a t i o n  the- 
ory (Par ro t t  1992, 1993). M a n y  smokers  also r epor ted  
f luctuat ing m o o d s  over  the day,  with posi t ive feelings 
immedia te ly  after smoking,  bu t  negat ive m o o d s  develop-  
ing between cigarettes.  Lastly,  s imilar  pa t te rns  of stress 
m o d u l a t i o n  were found in smokers  ca tegor ised  as ' seda-  
tive' o r  ' s t imulant ' ,  on the basis of  the smoking  mo t iva t i on  
ques t ionnai re  (SMQ; Wes t  and  Russell  1985). I t  had  been 
pred ic ted  tha t  sedative smokers  would  p roduce  stress 
modu la t ion ,  whereas  s t imulant  smokers  would  smoke for 
increased alertness. Instead,  bo th  groups  demons t r a t e d  
a rousa l  m o d u l a t i o n  and stress modula t ion .  However ,  one 
p rob lem with these earl ier  studies was the subject  classi- 
f icat ion procedure ,  which was based  upon  relat ive scores 
on the S M Q  sedat ive and  s t imulant  subscales. The new 
ca tegor i sa t ion  p rocedure  used here was based  solely u p o n  
absolu te  subscale scores. F ive  sedative subgroups  were 
generated,  ranging  f rom low to high scorers on the S M Q  
sedative subscale.  A similar  p rocedure  was used to gener-  
ate the S M Q  s t imulant  subgroups .  The ma in  aims of the 
s tudy were to invest igate feelings of  stress r epor ted  by  the 
different S M Q  sedat ive subgroups ,  and  a rousa l  ra t ings  
across  S M Q  s t imulant  subgroups .  

M a t e r i a l  and m e t h o d s  

Each response was scored from 1 to 5. Overall stress and arousal 
scores thus ranged from 2 (low) to 10 (high). This questionnaire was 
completed immediately before and after, each cigarette. Since 
smokers consume different numbers of cigarettes, the data was split 
into four time blocks. The score for the first cigarette of the day 
represented block 1, while the last cigarette of the day represented 
block 4. The remaining cigarettes were split into two consecutive 
halves, with the means of each half representing blocks 2 and 3. 

Procedure. Each subject smoked their normal brand of cigarette. 
Subjects were requested to smoke as they would do normally, the 
only restriction being that they should choose a day when they were 
not consuming alcohol. The data were collected in two different 
sessions (first n = 39 subjects; second n = 66 subjects). These ses- 
sions were identical in all respects, except that an error on the SMQ 
"automatic" subscale was present in the first session. This was 
corrected for the second half of the study, but meant that the data for 
this subscale was incomplete. 

Method of analysis. The data were subjected to three sets of analysis, 
using SPSSX-pc. Firstly, split-plot ANOVA with three factors: drug 
(pre/post cigarette), time (four time blocks), and subgroup (five 
sedative subgroups for the stress data; four stimulant subgroups for 
the arousal data). Secondly, split-plot ANOVA with two factors: 
SMQ subgroup (sedative or stimulant subgroups), and time (four 
time blocks), with separate analyses on the pre-smoking data, post- 
smoking data, and pre-post difference data. First order orthogonal 
polynomials were then used to investigate monotonic/linear trends 
across subgroups. Thirdly, a correlation matrix was undertaken, 
involving all the main variables of interest: age, cigarette consump- 
tion on test day, time of lighting first cigarette on test day, SMQ 
subscale (psychological image, hand-mouth activity, indulgent, seda- 
tive, stimulant, dependent, automatic), stress and arousal ratings 
(pre-cigarette, post-cigarette, pre-post difference). 

Subjects. Unpaid adult volunteers (n = 105) come from the staff and 
students at the University of East London. The only criteria for 
inclusion were age ( + 18 years), and cigarette consumption (4 + 
cigarettes per day). The rationale for this latter requirement was that 
the cigarette data were to be split into four time blocks (see below); 
thus at least four cigarettes per smoker were required. They com- 
prised a wide range of cigarette users, fl'om light/social smokers, to 
the more heavily addicted. Subject characteristics were as follows: 65 
female, 40 male; age range, 18-75 years (mean + standard deviation: 
30.4 _+ 13.5); cigarette consumption on day-of-test, 4-28 cigarettes 
(12.6 _+ 5.9). None of the subjects had taken part in previous trials 
within this series. 

Subjects were split into subgroups, based upon SMQ sedative 
and stimulant subscale scores (West and Russell 1985; after Russell 
et al. 1974). Five sedative subgroups were generated, with the follow- 
ing SMQ sedative subscale scores: group 1 (SMQ scores 0-2); group 
2 (SMQ scores 3-4), group 3 (SMQ scores 5-6), group 4 (SMQ 
scores 7-8), and group 5 (SMQ score of 9). On the stimulant 
subscale, only 11 subjects reported scores in the range 7-9, so they 
were combined into one subgroup. The four SMQ stimulant sub- 
groups were as follows: group 1 (SMQ scores 0-2); group 2 (SMQ 
scores 3-4), group 3 (SMQ scores 5-6), group 4 (SMQ scores 7-9). 
Subject characteristics for all subgroups are shown in Table 1. 
Assessment measures. The self-rating mood scale was derived from 
the short adjective check list (SACL; Mackay et al. 1978). The first 
two questions were chosen for their high loadings on the SACL 
stress factor; the latter two questions for their loadings on the SACL 
arousal factor (O'NeiU and Parrott 1992; Parrott 1993): 

TENSE-strongly, slightly, neither, slightly, strongly -RELAXED 

NERVOUS-strongly, slightly, neither, slightly, strongly CALM 

ENERGETIC-strongly, slightly, neither, slightly, strongly -TIRED 

ALERT-strongly, slightly, neither, slightly, strongly -DROWSY 

R e s u l t s  

Feel ings of stress were significantly affected by drug  
(F -- 23.56; d f =  1, 100; P < 0.001), and  t ime (F = 9.52; 
d f =  3, 300; P < 0.001). Stress was higher  p re - smoking  
than  pos t - smoking ,  and  reduced s teadi ly  over  the day  
(Fig. 1). N o n e  of  the o ther  A N O V A  stress effects was 
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Fig. 1. Self-rated feelings of stress and arousal over time, pre- and 
post-smoking, • " '  • ,  pre-cigarette; • - 0 ,  post-cigarette 
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Table 1, Subject characteristics and daily stress ratings for the SMQ sedative subgroups, and subject characteristics and daily arousal 
ratings for the SMQ stimulant subgroups 

Subject characteristics SMQ sedative subscale score Monotonic 
0-2 3-4 5-6 7-8 9 function 

N (male/female) 6 (5/1) 23 (7/16) 17 (6/11) 30 (13/17) 29 (9/20) 
Age (years) 27.7 + 5.8 29.6 _+ •3.0 26.9 _+ 9.3 29.0 _+ 12.7 35.1 + 16.9 
Cigarettes (day) 9.8 + 4.2 10.3 _+ 6.0 10.1 + 5.9 12.3 + 6.0 15.1 + 4.9 
Stress 
Pre-cigarette 4.7 + 1.0 5.3 _+ t.1 5.2 _+ t.0 5.2 + 1.0 5.7 + 1.0 
Post-cigarette 4.8 + 1.8 4.8 _+ t.3 4.5 + 1.2 4.3 + 0.9 4.5 + 1.1 
Pre-post difference 0.1 + 1.2 - 0.5 _+ 1.0 - 0,7 _+_ 1.4 - 0,9 _+ 0.8 - 1.2 + 1.3 

t 

Subject characteristics SMQ stimulant subscale score Monotonic 
0-2 3-4 5-6 7-9 function 

N (male/female) 34 (19/15) 32 (•0/22) 28 (10/18) 11 (1/10) 
Age (years) 33.5 _+ 14,9 29.1 +_ 13.8 27.4 _+ 11.3 32.1 + 12.7 
Cigarettes (day) 11.3 +_ 6.3 10.9 + 5.5 12.9 + 5.5 16.6 _+ 4.0 
Arousal 
Pre-cigarette 5.9 +_ 1.2 5.5 _+ 1.1 5.2 _+ 1,2 5.0 __ 0.8 
Post-cigarette 6.1 + 1.3 5.9 _+ 1.1 5,9 _+ 1.1 6.2 __ 0.9 
Pre-post difference 0.2 _+ 0.9 0.4 + 0.7 0.7 _+_ 1.1 1.2 _+ 1.3 

Monotonic polynomial function (two-tail): tp  < 0.I0, *P < 0.05, **P < 0.01 

significant, although the subgroup x drug interaction 
was borderline (F = 2.09; df= 4, 100; P < 0.10), with high 
sedative SMQ subgroups reporting comparatively larger 
drug effects. 

Feelings of arousal were significantly affected by drug 
(F = 32.77; df= 1, 101; P < 0.001), time (F = 26.06; 
df = 3, 303; P < 0.001), subgroup x drug interaction 
(F = 3.06; df = 3, 101; P < 0.05), and drug x time interac- 
tion (F = 2.09; df = 3, 303; P < 0.05). Arousal was lower 
pre-smoking than post-smoking, and demonstrated an 
inverted-U pattern of change over the day (Fig. 1). The 
significant subgroup x drug interaction reflected the 
greater drug effect with the high stimulant subgroups. The 
drug x time interaction reflected the comparatively larger 
arousal change following the first cigarette of the day 
(Fig. 1). 

Group  mean arousal scores for the four SMQ stimu- 
lant subgroups are shown in Table 1 and Fig. 2. Subjects 
with high stimulant scores reported the greatest arousal 

modulation, while those with low subscale scores reported 
minimal arousal change (monotonic polynomial: 
P < 0.01, Table t; Fig. 2). High SMQ stimulant scorers 
also reported the lowest levels of arousal pre-smoking 
(monotonic polynomial: P < 0.01), whereas all stimulant 
subgroups reported similar levels of arousal post-smoking 
(Table 1). Turning to the stress data, group mean stress 
values for the five SMQ sedative subgroups are shown in 
Table 1 and Fig. 3. The monotonic function between 
SMQ sedative subscale scores and stress change was sig- 
nificant (monotonic polynomial: P < 0.01); subjects with 
tow SMQ sedative scores reported minimal stress modu-  
lation, while those with high sedative subscale scores 
showed the greatest stress modulation (Fig. 3). However, 
pre-smoking stress tended to the high in subjects with 
high SMQ sedative subscale scores (borderline monotonic 
function: P < 0.10), whereas post-smoking levels of stress 
were similar across the different sedative subgroups 
(Fig. 3; Table 1). The monotonic function between SMQ 
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Fig. 2. Arousal difference scores (pre-post smoking), for the four Fig. 3. Stress difference scores (pre-post smoking), for the five SMQ 
SMQ stimulant subgroups sedative subgroups 
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Fig. 4. Diurnal patterns of stress and arousal for subject A. Ciga- 
rette effect: O-+; between cigarettes: ...... . Arousal modulation and 
stress modulation occurred over the whole day. Psychological im- 
provements were reported immediately after smoking, while decre- 
ments developed between cigarettes. When cigarettes were smoked 
in quick succession, cumulative stress reduction often occurred. 
However when cigarettes were not smoked for a time, then stress 
tended to increase, and arousal to decrease 
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Fig. 5. Diurnal patterns of stress and arousal for subject B. Cigarette 
effect: 0--% between cigarettes: ...... . This subject smoked mainly for 
stimulation, with increased arousal following most cigarettes, and 
decreased arousal between cigarettes. However, stress modulation 
also occurred, particularly when stress levels pre-smoking were high 

HIGH 
1 0 - -  

9 - -  

8 - -  

7 - -  

AROUSAL 6 -- 

5 - -  

4 - -  

3 - -  

2 - -  
LOW 

HIGH 

STRESS 

LOW 

1 0 - -  

9 - -  

8 - -  

7 - -  

6 - -  

5 - -  

4 - -  

3 - -  

2 - -  

t 
I I I I I I I I I 
8 10 12 14 16 18 20  22 24 

TIME (HOUR) 

Fig. 6. Diurnal patterns of stress and arousal for subject C. Ciga- 
rette effect: 0-% between cigarettes: ...... . Self-ratings of arousal 
were generally unchanged, although the first cigarette of the day led 
to increased arousal. Stress reductions were found after some ciga- 
rettes (n = 9), but not others (n = 7); these occurred more often when 
pre-cigarette stress levels were high 

score and  cigarette consumpt ion  was also significant, for 
both  the sedative and  s t imulant  subscales (Table 1). It  m a y  
also be noted tha t  there was a slight tendency for high 
scorers on the S M Q  to be female (Table 1). The  diurnal  
profiles of  stress and arousal  for  three individual subjects 
are shown in Figs 4-6;  they illustrate some of the vari- 
a t ion in pat terns  of  subjective change. 

Overal l  scores on the Smoking  Mot iva t ion  Quest ion-  
naire were as follows (mean _+ s tandard  deviation): psy- 
chological  image,  0.6 _+ 1.6; h a n d - m o u t h  activity, 
2.7 + 2.1; indulgent,  5.1 +_ 2.0; sedative, 6.3 + 2.4; stimu- 
lant, 3.7 _+ 2.3; dependent ,  8.8 _+ 4.1; automat ic ,  1.9 ± 2.5. 
The  correlat ion findings are summar ised  in Table  2. Sev- 
eral of the S M Q  subscales were positively correlated (de- 
pendent,  indulgent,  sedative, st imulant,  automatic) ,  while 
these variables also correlated with cigarette consumpt ion  
and t ime of first cigarette (Table 2). In  contrast ,  S M Q  
psychological  image and  h a n d - m o u t h  activity demon-  
strated few significant relat ionships (Table 2). Turn ing  to 
the m o o d  data, feelings of arousal  correlated with several 
S M Q  subscales: s t imulant  (pre-smoking,  and  pre-post  dif- 
ference), also indulgent,  dependent ,  and sedative (pre- 
smoking,  post -smoking;  Table  2). Three  S M Q  subscales 
correlated with the stress variables: sedative (pre-post  
difference), indulgent (pre-smoking,  post-smoking),  and 
st imulant  (post-smoking,  pre-post  difference). Lastly, the 
degree of arousal  change was unrelated to the degree of 
stress change r = + 0.07, non-significant,  Table  2). The  
c o m m o n  factor variance, jointly explained by these two 
variables, was therefore just  under  0.5% (0.072 = 0.0049). 



Table 2. Correlation matrix results 

SMQ SMQ Stress Stress Stress Arousal Arousal Arousal 
sedative stimulant pre-cig post-cig pre-post pre-cig post-cig pre-post 
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Age 0,19" - 0,10 - 0.23* - 0.03 - 0.17 0.04 - 0.03 - 0.08 
Cigarettes per day 0.34** 0.20* - 0.12 - 0.1 t 0.00 - 0.13 - 0,14 - 0.00 
Time of 1st cigarette -- 0.30** -- 0.12 0,10 0.t8 -- 0.08 0.19" 0.18 - 0.0I 
SMQ: Psychological Image - 0.13 0.00 - 0.t5 - 0.01 -- 0.12 - 0.02 0.04 0.07 
SMQ: Hand-mouth Activity 0.16 0.06 0.14 0.14 - 0.01 - 0.10 - 0.21" - 0.13 
SMQ: Indulgent 0.21" 0.17 - 0.25** - 0.24* 0.00 - 0.23* - 0.26** - 0.03 
SMQ: Sedative t.00 0.37** 0.12 - 0.14 0.25** - 0.29** - 0.30** - 0.01 
SMQ: Stimulant 0.37** 1.00 0.03 - 0.24* 0.27** - 0.25** 0.00 0.30** 
SMQ: Dependent 0.54** 0.37** 0.09 - 0.05 0.14 - 0.20* - 0.25** - 0.05 
SMQ: Automatic a 0.34** 0.28* - 0.10 - 0.17 0.07 - 0.04 -- 0.14 - 0.13 

Stress: pre-cigarette 0.12 0.03 1.00 0.47** 0.46** 0.05 0.04 - 0.01 
Stress: post-cigarette - 0.14 - 0.24* 0.47** 1.00 - 0.57** 0.38** 0.30** - 0.09 
Stress: pre-post difference 0.25** 0.27** 0.46** - 0.57** 1.00 - 0.33** - 0.27** 0.07 
Arousal: pre-cigarette - 0.29** - 0.25** 0.05 0.38** - 0.33** 1.00 0.63** - 0.44** 
Arousal: post-cigarette 0.30** 0.00 0.04 0.30** - 0.27** 0.63** 1.00 0.42** 
Arousal: pre-post difference - 0.01 0.30** - 0.01 - 0.09 0.07 - 0.44** 0.42** 1.00 

Note: positive pre-post difference score = increased arousal, or decreased stress, post smoking 
"n = 66, *P < 0.05, **P < .01 (TWO-TAIL) 

Discussion 

The present  m o o d  state findings, genera ted  under  every- 
day  smok ing  condi t ions ,  are consis tent  with West ' s  (1993, 
p. 589) recent  s ta tement:  " M a n y  smokers  r epor t  t ha t  
smok ing  helps  them in var ious  ways - pa r t i cu la r ly  con-  
t ro l l ing stress and  ma in t a in ing  alertness".  Thus  stress was 
s ignif icant ly lower  after smok ing  than  before smoking  
(Fig. 1), as it  had  been in bo th  ear l ier  s tudies (O'Nei l l  and  
P a r r o t t  1992; P a r r o t t  t993). Studies  involv ing  empir ica l ly  
m a n i p u l a t e d  stressors  (noise, films, social  in teract ion)  
have often d e m o n s t r a t e d  tha t  when smokers  are  a l lowed 
to smoke,  they experience less stress than  when they  are  
b a r r e d  f rom smoking  ( W o o d s o n  et al. 1986; Gi lbe r t  and  
Wes le r  1989). Ques t ionna i r e  surveys have also ind ica ted  
tha t  the a l levia t ion  of  dysphor ic  m o o d  is a pr ime mot ive  
for smoking  (McKenne l l  1970; F r i t h  1971; Wesnes  et al. 
1984). The present  da t a  also conf i rmed the deleter ious  
effects of  dep r iva t ion  (Hughes et al. 1984; Wes t  and  Rus- 
sell 1985; Gi lbe r t  and  Wesler  1989), with negat ive  m o o d s  
deve loping  in the per iods  between cigaret tes  (Figs 1, 4 -6 ;  
O 'Ne i l l  and  P a r r o t t  1992; P a r r o t t  1993). 

Stress change  var ied  between subjects, with m a n y  indi-  
v iduals  r epor t ing  stress m o d u l a t i o n  dur ing  smoking,  
while o thers  no ted  l i t t le change in stress ( increased stress 
p o s t - smok ing  was rare). The  Surgeon  Genera l  (1988, 
p. 407) has noted:  "The roles tha t  ind iv idua l  differences in 
pe r sona l i ty  or  t e m p e r a m e n t  m a y  p lay  in de te rmin ing  the 
na tu re  or  degree of s t ress-reducing effects of  n icot ine  are 
yet  to be de te rmined"  (also Pomer l eau  and  P o m e r t e a u  
1991). The  present  s tudy has  d e m o n s t r a t e d  tha t  stress 
m o d u l a t i o n  is closely re la ted  to  scores on  the Smoking  
M o t i v a t i o n  Ques t ionna i r e  (SMQ)  sedat ive  subscale.  
Smokers  with high S M Q  sedat ive  subscate scores showed 
the greates t  stress modu la t i on ,  whereas  those  wi th  near -  
zero subscale  scores r epo r t ed  litt le change  in stress 
(Fig. 3). This  indicates  the cr i te r ion  va l id i ty  of  the S M Q  
sedat ive  subscale;  va l id i ty  evidence which is surpr is ingly  

rare  in h u m a n  p s y c h o p h a r m a c o l o g y  research (H indmarch  
1989; P a r r o t t  1991). These results  also de mons t r a t ed  the 
ut i l i ty of  ca tegor is ing subjects on each subscale alone. O u r  
previous  me thod  used relat ive subscale scores, and  p rodu -  
ced diverse subgroups  with a mixture  of high and  low 
scorers  (O'Nei l l  and  P a r r o t t  1992; P a r r o t t  1993). The 
present  ca tegor i sa t ion  p rocedure  genera ted  c learer  sub- 
groups,  and  more  pa r s imon ious  f indings (Figs  2, 3). 

Repet i t ive m o o d  reversals  occurred  over  the  day-, with 
posi t ive feelings immedia te ly  after smoking,  bu t  negat ive  
m o o d s  deve lop ing  in-between cigaret tes  (Figs 4-6).  W a r -  
bu r ton  (t992, pp. 56-57) also m o n i t o r e d  feeling states  
while smoking:  "Subjects  r epor ted  tha t  they  became more  
t ranqui l ,  more  sociable,  more  friendly, more  contented ,  
more  re laxed and  happ ie r  over  successive puffs, and  these 
changes  were highly s i gn i f i c an t . . ,  smoking  nicotine-free 
cigaret tes  p r o d u c e d  no improvements" .  W a r b u r t o n  also 
no ted  m o o d  de te r io ra t ion  between cigarettes:  "After  an 
in terval  of  30 minutes  (i.e. min ima l  depr iva t ion)  we found 
tha t  m o o d  state had  d e c r e a s e d . . ,  bu t  had  no t  re turned  to 
p re - smoking  levels". Pomer l eau  and  Pomer l eau  (1991) 
s imilar ly  r epor ted  that  when it does occur,  anxie ty  reduc-  
t ion was l imited to a brief  pe r iod  fol lowing smoking.  
Perk ins  et al. (1992b, p. 304) also repor ted:  "A sharp  
reduc t ion  in s t r e s s . . ,  which largely d i sappea red  10 min-  
utes after smoking".  The above  repor ts  b r o a d l y  agree with 
the current  f indings in demons t r a t i ng  r ap id  m o o d  im- 
p rovements  while smoking,  which then reverse between 
cigarettes.  These repet i t ive feeling state reversals have no t  
fea tured s t rongly  in discussions of  the s m o k i n g / m o o d  
re la t ionship ,  p r o b a b l y  because  mos t  studies have em- 
p loyed  the single-dose, ra ther  than  r epea ted -dose  p a r a -  
d igm (more a p p r o p r i a t e  for smoking  behaviour) .  Yet 
smokers  often state tha t  they "need"  a c igaret te  when they  
have  no t  smoked  for a while. There  is also an inheren t  
logic beh ind  these m o o d  state  reversals.  Given  the n u m b e r  
of  cigaret tes  consumed  per  day,  if m o o d  reversals  d id  no t  
occur  between cigarettes,  smokers  might  soon enter  
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a stress-free nirvana ! Instead, their average daily stress 
levels remain at least as high as those of non-smokers 
(West t992; Parrott and Joyce 1993). 

Cigarette smoking also affected feelings of arousal, 
with significantly higher arousal post-smoking than pre- 
smoking (Fig. l). Nearly identical drug-related changes 
were noted earlier (O'Neill and Parrott 1992; Parrott 
1993). Furthermore, in all these studies feelings of arousal 
tended to reduce between cigarettes. These findings agree 
with the extensive literature on smoking and arousal. 
Deprived smokers often show reduced alertness and con- 
centration, whereas smoking generally leads to improved 
arousal and attention, with many smokers reporting the 
use of cigarettes for stimulation/alertness (McKennell 
1970; Frith t971; Russell et al. 1974; Knott and Venables 
1977; Wesnes and Warburton 1983; Wesnes et al. 1984; 
Surgeon General t988; Warburton 1988; Church 1989; 
Parrott and Roberts 1991). These findings agree with 
Church's (1989, p. 127) conclusions on smoking alertness: 
"Smoking deprivation has been followed by EEG signs of 
sedation, smoking by EEG signs of arousal". 

Arousal change was monotonically related to scores 
on the SMQ stimulant subscale. Subjects with high SMQ 
stimulant scores reported the greatest arousal change, 
while those with near-zero SMQ scores noted minimal 
arousal modulation (Fig. 2). However, the crucial factor 
seems to be the level of arousal prior to smoking, rather 
than the arousal attained after smoking. High SMQ 
stimulant smokers had the lowest arousal prior to smok- 
ing. In contrast, post-cigarette arousal levels were similar 
across all subgroups (Table 1; Fig. 2). Thus only subjects 
with low levels of arousal prior to smoking, reported using 
cigarettes to increase arousal. Perkins et al. (1992a) gener- 
ated very similar findings. Subjects with below-average 
levels of pre-drug arousal reported increased feelings of 
arousal post-drug, whereas those with above-average 
levels of initial arousal reported little change in arousal 
post-drug. This occurred with both nicotine nasal-spray, 
and cigarette smoking (Perkins et al. 1992a). The present 
data on stress show a similar pattern (statistically border- 
line); high sedative smokers reported the highest stress 
pre-smoking, while stress levels post-smoking were similar 
across subgroups (Fig. 3; Table t). 

The crucial factor in mood modulation therefore 
seems to be the initial mood, with smoking alleviating 
undesirable pre-smoking moods (low arousal, high stress), 
rather than generating desirable end-states. This raises the 
question of what causes these deleterious pre-drug states. 
There are two possible answers. They may represent 
a natural condition, with smokers genetically predisposed 
to suffer from low arousal or high stress. Warburton 
(1992, p. 57) favours this interpretation, suggesting that 
many smokers gain genuine psychological benefits from 
nicotine: "arguing against a withdrawal interpretation of 
the improvements in mood". The alternative viewpoint is 
that smoking simply reverse the deleterious effects of 
deprivation. Schachter (1978, p. 210) favours this model: 
"Smoking is not anxiety reducing...no-smoking, or in- 
sufficient nicotine, is for the heavy smoker, anxiety in- 
creasing". McNeil (1991, p. 591) described a similar 
process in child and adolescent smokers: "Rather than 
a direct effect of their smoking, feeling calmer may there- 

fore come about as a relief of incipient withdrawal symp- 
toms" (also: West, 1992, p. 166). 

While it is difficult to decide between these alternative 
explanations, they have differing predictions for mood 
change during smoking cessation. The "mood-improve- 
ment" explanation predicts that without access to nic- 
otine, the former smoker will revert to their endogenous 
state of high anxiety and neuroticism. In contrast, the 
"deprivation-reversal" model suggests than once the for- 
mer smoker quits the habit, they will become less stressed, 
since smoking is a direct source of stress because of nic- 
otine withdrawal. Two recent studies have monitored 
feelings of stress during smoking cessation. Cohen and 
Lictenstein (1990, p. 466) found that smokers who failed to 
quit the habit maintained a relatively high and consistent 
level of stress over the 6-month trial. Whereas with those 
who maintained abstinence: "Stress decreased as duration 
of abstinence increased". Furthermore, when former 
smokers failed in their attempted cessation, and returned 
to the smoking habit, their stress levels increased again. 
Similarly, in a nicotine-gum trial, Parrott et al. (1993) 
noted a significant decrease in self-rated stress in success- 
ful quitters, over the 6-month cessation period. Stressful 
life events were unchanged in frequency over this period, 
indicating a true reduction in propensity for stress. These 
two studies support the deprivation reversal explanation, 
and indicate that the smoking habit comprises a direct 
source of stress for many smokers. 

Russell et al. (1974) noted that the SMQ subscales 
formed into two subgroups: non-pharmacological (psy- 
chological image, and hand-mouth), and pharmacological 
(dependent, automatic, stimulant, and sedative). The first 
grouping was not replicated here, possibly because of the 
decline in social motives for smoking over the intervening 
20 years. However, the pharmacological grouping was 
confirmed, with positive intercorrelations amongst the 
sedative, stimulant, dependent, automatic, and indulgent 
SMQ subscales, also with cigarette consumption and time 
of first cigarette (Table 2). Smokers who used cigarettes for 
stress control, also smoked for stimulation and pleasure, 
found dit~cutty in going without cigarettes, and smoked 
heavily/habitually. With reference to the mood/ 
SMQ relationships, feelings of arousal correlated not only 
with the stimulant subscale (see above), but also the seda- 
tive, dependent, indulgent, and hand-mouth activity SMQ 
subscales (Table 2). These other scales showed the same 
basic pattern, with high SMQ scores associated with low 
levels of arousal both before smoking and after smoking 
(Table 2). With reference to feelings of stress, these corre- 
lated not only with the SMQ sedative scale (see above), 
but also with the stimulant and indulgent subscales, but 
were unrelated to the SMQ dependent or automatic sub- 
scales (Table 2). Russell et al. (1974) suggested that it might 
be useful to classify smokers on an overall SMQ pharma- 
cological dimension (e.g. combination of dependent, auto- 
matic, sedative, stimulant and indulgent SMQ factors). 
The present findings argue against that notion, and indi- 
cate the utility of the individual SMQ subscales. They also 
confirmed the importance of considering stress and 
arousal as separate dimensions (see below). 

Feelings of stress reduced significantly over the day. 
Subjects reported high stress prior to the first cigarette, 
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and low stress at the end of the day (Fig. 1). This diurnal 
effect was noted in both earlier studies (O' Neill and 
Parrott  1992; Parrott  1993). The hypothesis that it reflects 
the daily accumulation of nicotine was investigated by 
Parrott  and Joyce (1993). A diurnal pattern of decreasing 
stress was found with smokers and non-smokers, but the 
rate of decrease differed between these groups. Smokers 
started the day with higher stress than non-smokers, but 
ended the day with marginally lower stress (Parrott  and 
Joyce 1993). This suggests that the accumulation of nic- 
otine may have an anxiolytic effect, and confirms Warbur- 
ton et al.'s (1988) prediction that mood improvements 
should continue throughout the smoking day. It should, 
however, be emphasised that the average daily stress levels 
for both groups of smokers were marginally higher (non- 
significantly) than in non-smokers (Parrott and Joyce 
1993; see also West 1993). 

Our data have implications for the Arousal Modula- 
tion Theory of smoking (Ashton et al. 1978; Mangan and 
Golding 1984). The simultaneous production of increased 
arousal and decreased stress, was counter to the predic- 
tions of that theory. Furthermore, the low correlation 
between arousal change and stress-change (r = + 0.07), 
indicated that the amount  "common factor variance" 
jointly explained by the two variables was almost zero 
(less than 0.5%). Arousal modulation and stress modula- 
tion during smoking should therefore be seen as separate 
and independent processes; this alternative view is pres- 
ented in more detail elsewhere (Parrott  t992, 1993, 
unpublished). The present findings also pertain to the 
question of acute pharmacodynamic tolerance. Warburton 
et al. (1988) concluded that there was no evidence of 
tolerance to the effects of nicotine, whereas Russell (1988) 
suggested that regular smokers had high levels of acute 
tolerance to the subjective effects of smoking. Both these 
conclusions were based upon limited data, and West 
(1990, p. 217) argued for more studies in this area. The 
current data were therefore analysed to address the ques- 
tion of acute pharmacodynamic tolerance, and are being 
presented separately (Parrott  1994). 

These repetitive mood reversals may play a major role 
in nicotine addiction (Figs 1, 4-6). The desire for regular 
cigarettes may follow from the need to counter the delete- 
rious effects of deprivation. This proposal, that mood 
control is central to addiction, contrasts with Pomerleau 
and Pomerleau (1991, p. 601-602), who suggested that the 
mood effects of smoking were: "Elusive. . .  possibly an 
epiphenomenon, an effect frequently associated with but 
not critical to increased smoking behaviour". The present 
findings suggest instead that mood modulation is central 
to nicotine use. They also help explain why the "pharma- 
cological" subscales of the SMQ cluster together (Russell 
et al. 1974). The underlying argument runs as follows. 
Those smokers who experience deleterious moods during 
deprivation, wilt smoke regularly to "normalise" their 
mood/cognitive states, and will produce high scores on 
the SMQ sedative/stimulant subscales. Their mood rever- 
sals will necessitate a high frequency of smoking, high 
overall cigarette consumption, and an early start to smok- 
ing each day. They will experience difficulty in quitting, 
and produce high SMQ dependency scores. It should also 
be noted that West (1992) has suggested that nicotine 

substitution may aid smoking cessation, by facilitating 
stress control. Overall, therefore, the degree of nicotine 
addiction may be a function of the strength of the psycho- 
logical changes produced by the drug. The central factor 
will be the speed/severity of mood reversals during nic- 
otine withdrawal. One central prediction is that those who 
experience the strongest post-cigarette mood decrements 
will comprise the most dependent smokers (an obvious 
topic for further investigation). Whatever the exact pro- 
cesses involved, these repetitive mood reversals provide 
a dear  psychological rationale for nicotine addiction. 
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