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cigarette smokers 

Abstract.  Self-reported feelings of stress and arousal were 
assessed in 18 sedative and 9 stimulant smokers, over a 
typical day of smoking. Prior to each cigarette, self- 
ratings of stress and arousal were recorded on a brief 
adjective check list. These self-ratings were then repeated 
following cigarette smoking. These diary data were split 
into four blocks to represent: first cigarette of the day, 
second quartile cigarette, third quartile cigarette, and last 
cigarette of the day. Analysis of variance revealed signifi- 
cant effects of smoking on both stress and arousal. Self- 
rated feelings of stress were significantly reduced follow- 
ing cigarette smoking (P<0.002); this was found with 
both subject groups and across all cigarette blocks. Cig- 
arette smoking also led to increased feelings of arousal 
(P<0.01), although these changes in arousal differed 
between subject groups (drug x type-of-smoker interac- 
tion: P <  0.03). Stimulant smokers showed higher levels 
of arousal after smoking, across all four cigarette blocks. 
Sedative smokers showed a slight increase in arousal only 
after their first cigarette. These findings were not as 
predicted by the arousal modulation theory of cigarette 
smoking, which suggests that changes in stress and 
arousal are interdependent. Instead they show that 
smoking affects stress and arousal in quite different ways. 
Stress and arousal should therefore be recognised as 
independent dimensions within smoking/nicotine re- 
search. 
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"The arousal modulation theory suggests that smoking 
is an activity which has the function of controlling arous- 
al, i.e. the smoker smokes to increase arousal when bored 
or fatigued, and to reduce arousal when tense" (Mangan 
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and Golding 1984, p 82). The arousal modulation theory 
represents an attempt to integrate some apparently con- 
tradictory psychological effects of smoking, namely that 
it can lead either to increased cortical arousal, or to 
reduced stress and emotional calming (Ashton and Gold- 
ing 1989; Gale and Ney 1989). 

There is an extensive literature showing that cigarette 
smoking can lead to psychophysiological changes indica- 
tive of heightened arousal (Church 1989). The EEG de- 
synchronisation generally noted after cigarette smoking, 
an index of increased cortical arousal, is almost identical 
to the desynchronisation which follows stimulation of 
the Ascending Reticular Activating System (ARAS). In 
contrast, smoking deprivation leads to EEG changes 
showing reduced cortical arousal (Knott and Venables 
1977). Sympathomimetic changes indicative of height- 
ened arousal include: increased heart rate, vasoconstric- 
tion, raised blood pressure, and increased serum epineph- 
rine (Herxheimer et al. 1967; Domino 1973; Hill and 
Wynder 1974). Cigarette smoking and other forms of 
nicotine administration, also lead to faster information 
processing and improved vigilance (Wesnes and Warbur- 
ton 1983; Wesnes and Parrott 1991). In questionnaire 
studies concerned with smoking motives, many subjects 
report smoking for stimulation. These "'stimulant" 
smokers tend to light up their cigarettes when they feel 
fatigued or bored (Frith 1971; Russell et al. 1974). 

Cigarette smoking can also lead to reduced feelings of 
stress. In a recent review, Gilbert and Wesler (1989, p 71) 
concluded that: '"Nicotine reduces anxiety and negative 
affect in chronic smokers". Heimstra (1973) monitored 
smokers when they were viewing a stressful film; feelings 
of anxiety were significantly lower when they were allow- 
ed to smoke, than when they were not allowed to smoke. 
When smokers give up smoking, feelings of irritability, 
tension, and stress, are often experienced. In a double- 
blind smoking cessation study (Hughes et al. 1984), sub- 
jects given nicotine chewing gum noted significantly low- 
er feelings of tension and anger than subjects given place- 
bo gum during the cessation period. In Russell et al'.s 
(1974) smoking motive study, one of the primary factors 
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was for "sedative" smoking, i.e. smoking for stress reduc- 
tion. Around 80% of smokers report using cigarettes 
when they feel stressed or worried (Russell et al. 1974; 
Warburton 1988). 

Smoking can therefore lead to increased alertness, and 
to decreased feelings of stress. The arousal modulation 
theory suggests that these psychoactive changes are inter- 
dependent, with cigarettes sometimes being used to in- 
crease alertness, while at other times used to reduce stress 
and arousal. Thus stimulant smokers tend to report the 
former, while sedative smokers generally experience the 
latter. Surawy and Cox (1987, p 33) summarised this: 
"Sedative smokers, who smoke under conditions of high 
arousal in order to decrease arousal; and stimulant 
smokers, who prefer to smoke under conditions of low 
arousal in order to increase arousal". These changes have 
also been explained in terms of a biphasic response to 
nicotine. Low doses of nicotine (e.g. shallow smoke in- 
halation) are said to be stimulatory, while higher doses 
(e.g. deep smoke inhalation) are more sedative. For a 
more comprehensive description of the empirical ev- 
idence behind the arousal modulation theory: see Ashton 
and Golding (1989), Gilbert and Wesler (1989) or Man- 
gan and Golding (1984). 

There are, however, problems with this theory. 
Smokers do not typically report smoking either for stim- 
ulation or relaxation, but for both. The stimulant and 
sedative factors of the SMQ are positively correlated, 
with subjects who report smoking for stimulation also 
stating that they smoke for sedation (Russell et al. 1974). 
During smoking deprivation, simultaneous increases in 
boredom (reduced arousal) and irritability (increased 
stress) have been noted (Frankenhaeuser et al. 1971; 
Heimstra 1973), against predictions from the arousal 
modulation theory. The model also has empirically un- 
supported implications for performance change. While 
performance improvements should occur when smoking 
for stimulation, performance decrements should occur 
when smoking for relaxation. However, the main dif- 
ficulty with the theory is the absence of empirical ev- 
idence concerning the hypothesised simultaneous changes 
in arousal and stress (e.g. Surawy and Cox 1987). 

An alternative to the arousal modulation model sug- 
gests that while increased arousal and reduced stress 
occur, these psychoactive changes should be seen as be- 
ing independent. Thus arousal modulation is separate 
from stress modulation. The present study was under- 
taken to compare the arousal modulation model with 
this alternative viewpoint, by empirically assessing mood 
state changes while smoking. As Surawy and Cox (1987), 
have stated: "The role played by internal (mood)... fac- 
tors as instigators of smoking remains largely umested'. 
Self reported feelings of arousal and stress were therefore 
monitored over a day of smoking, using a diary method 
derived from Surawy and Cox (1987). Subjects com- 
pleted the feeling state scales before and after cigarette 
smoking. According to the arousal modulation theory, 
changes in stress and arousal should be closely related 
and inter-dependent. With the alternative model being 
proposed here, the patterns of drug induced change to 
stress and arousal, will be separate and independent. 

Materials and methods 

Subjects 

Sixty subjects volunteered to take part in the study. Of the 47 
returned diaries, 2 were omitted from further analysis due to incom- 
plete data. The remaining 45 subjects were devided into two groups 
using the following criteria. 

Sedative smokers. SMQ sedative score of 6 +,  and SMQ stimulant 
score of 5 - .  

Stimulant smokers. SMQ stimulant score of 6 +,  and SMQ sedative 
score of 5 -  (Table 1). 

The sedative group comprised 14 females and 4 males in the age 
range 19-48 years (mean=29). The stimulant group comprised 
4 females and 5 males in the age range 27-37 years (mean= 30). 
Cigarette consumption on the assessment days was similar for both 
groups (13.8 and 13.7 cigarettes/day, respectively). Subjects in- 
cluded professionals, office staff, and manual workers, recruited at 
a London dental surgery. None was paid for participation. 

Assessment measures 

The Smoking Motive Questionnaire (West and Russell 1985; based 
upon Russell et al. 1974) was completed by all subjects. The SMQ 
comprises 24 questions, loading on 7 primary factors: psychological 
image, hmad/mouth activity, indulgent, stimtdant, sedative, depen- 
dent, and automatic. 

The mood state questionnaire was derived from the Short Ad- 
jective Check List (SACL; Mackay et al. 1978). Two questions were 
taken from the SACL stress factor (questions 1, 2), while two were 
taken from the SACL arousal factor (questions 3, 4). These four 
questions were chosen for their high loadings on the respective 
factors. The biploar scales were as follows: 

TENSE- strongly, slightly, neither, slightly, strongly RELAXED 
NERVOUS- strongly, slightly, neither, slightly, strongly -CALM 
ENERGETIC- strongly, slightly, neither, slightly, strongly 
-'FIRED 
ALERT- strongly, slightly, neither, slightly, strongly -DROWSY 

The tenseness question was scored as tbllows: strongly tense 50, 
slightly tense 40, neither 30, slightly relaxed 20, strongly relaxed 10. 
The other three scales were scored similarly. The overall stress score 
was obtained by combining the tense-relaxed and nervous-calm 
scores. The overall arousal score was similarly obtained by combin- 
ing the energetic-fired and alert-drowsy scores, Thus the stress and 
arousal scores each ranged from 100 to 20. 

Procedure 

Volunteers agreed to complete the mood state questionnaire, before 
each cigarette, and after each cigarette, over 1 normal day of 
smoking, when they would not be consuming alcohol. Subjects 

Table 1. Smoking motive questionnaire subscale scores, and cig- 
arette consumption (mean ~ standard deviation), for the two 
smoker groups 

Subject group N Smoking motive questionnaire 

Cigarette Sedative Stimulant 
consumption subscale subscale 

Stimulant smokers 9 13.84-4.7 4.3=t=0.8 7.9:t: 1.0 
Sedative smokers 18 13.7i4.9 7.8--t= 1.1 3.0:t: 1.6 
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Table 2. ANOVA F values and probability 
levels (2-tail) for the two mood state vari- 
ables 

Stress Arousal 

F value P level F value P level 

Drug condition (pre/post-cigarette) 9.99 < 0.002 6.23 < 0.01 
Time (cigarette block: 1, 2, 3, 4) 23.89 <0.001 40.00 <0.001 
Type of smoker (sedative/stimulant) 0.94 ns 0.13 ns 
Drug x type 1.46 ns 4.67 < 0.03 
time x type 3.7 < 0.01 2.00 ns 
Drug× time 0.13 ns 2.96 <0.03 
Drug x time x type 0.14 ns 0.31 ns 
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Fig. 1. Self-rated feelings of arousal in sedative and stimulant 
smokers, before (-•-) and after (-o-) cigarette smoking 
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Fig. 2. Self-rated feelings of stress in sedative and stimulant 
smokers, before (-D-) and after (-o-) cigarette smoking 

smoked their usual brand of cigarette and completed the diary 
during the course of their usual activities. Written instruction book- 
lets were given out, while subjects were debriefed on completion. 

The feeling state scores were 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 ciga- 
rettes were then divided into two groups by median-split, with the 
means for these two groups representing blocks 2 and 3. Thus the 
data comprised pre-cigarette and post-cigarette scores, on stress and 
arousal, for each of four cigarette time blocks. 

Deson 

The design comprised a split-plot ANOVA, with one between- 
subjects factor: type of smoker (sedative/stimulant), and two 
within-subjects factors: drug (we-and post-cigarette), and time 
(four cigarette blocks). 

Results 

Group mean arousal and stress scores are shown in Figs. 
1 and 2, while statistical significance levels are presented 
in Table 2. With arousal, significant ANOVA main ef- 
fects were found for time (P<0.001) ,  and drug 
(P<0.01) .  Self-rated feelings of  arousal therefore dif- 
fered across the cigarette blocks, and were sigificantly 
higher following cigarette smoking. The significant 
drug x type interaction ( P <  0.03) showed that smoking 

affected the arousal of  the two subject groups in different 
ways (Fig. 1). The significant drug x time interaction 
( P <  0.03) indicated that the drug effect differed across 
the four time blocks. All other ANOVA effects were 
non-significant (Table 2). 

With self-ratings of  stress, significant ANOVA main 
effects were found with time (P=0.001) ,  and drug 
(P < 0.002). Self-rated feelings of  stress therefore differed 
over the four time blocks, while feelings of  stress were 
also higher pre-cigarette then post-cigarette (Fig. 2). The 
significant time x type interaction ( P <  0.01) showed that 
the pattern of  stress across the day differed between the 
two subject groups (Fig. 2). All other ANOVA effects 
were non-significant (Table 2). 

Discussion 

Cigarette smoking significantly affected feelings of  both 
stress and arousal. However, these changes varied in 
complex ways, being influenced by type of  smoker, and 
time block over the day. Self-rated levels of  arousal will 
be examined first. They were significantly affected by: 
drug, time, drug x type of  smoker, and drug x time 
(Table 2). Feelings of  arousal were significantly higher 
following cigarette smoking. However, the significant 
drug x type interaction showed that this drug effect dif- 
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fered between subject groups. Stimulant smokers showed 
consistently higher arousal after smoking, across all four 
cigarette blocks (Fig. I). This increase was particularly 
marked following the first cigarette of the day, when 
pre-cigarette arousal was low. Sedative smokers also 
showed an increased in arousal following the first cig- 
arette of the day, while a small reduction in arousal was 
evident following the last cigarette block (Fig. 1). The 
significant drug x time interaction reflected the less pro- 
nounced drug-induced changes in arousal, as the day 
progressed (Fig. 1; Table 2). 

These findings with stimulant smokers provide sup- 
port for Frith (1971), who noted that stimulant smokers 
smoke under conditions of low arousal in order to in- 
crease arousal. Golding and Mangan (1982) also found 
that smoking led to an increase in EEG indices of arousal, 
during a boring low-interest situation. The significant 
drug x type interaction also agreed with previous studies 
(Frith 1971 ; Russell et al. 1974; Surawy and Cox 1987), 
which showed differences between sedative and stimulant 
smokers in their feelings of arousal while smoking. Thus 
sedative smokers generally reported little change in 
arousal following smoking, although they did note in- 
creased arousal following their first cigarette of the day 
(Fig. 1). 

Self-reported feelings of stress were significantly af- 
fected by cigarette smoking (Table 2). Reduced feelings 
of nervousness and tenseness were found with both sub- 
ject groups, and across all cigarette blocks (Fig. 2). This 
decrease in nervousness and tenseness following cigarette 
smoking is in accord with previous research, since many 
studies have shown that smoking can lead to reduced 
feelings of stress (McKennell 1970; Frith 1971; Ikard 
and Tomkins 1973; Kleinke et al. 1983; Surawy and Cox 
1987; Warburton 1988; Gilbert and Wesler 1989). It 
should, however, be emphasised that the lower feelings 
of stress post-cigarette, mean that there were significantly 
higher feelings of stress prior to each cigarette. These 
data therefore describe a pattern of constantly vacillating 
feelings of stress: reduced after a cigarette, but height- 
ened before the next is lit. The literature on mood and 
smoking tends to concentrate upon the reduction in 
stress following cigarette smoking (e.g. Fig. 2b in Ashton 
and Gotding 1989; Gilbert and Wesler t989). It should 
also point out the increased stress that smokers feel 
before their next cigarette is lit (due possibly to acute 
withdrawal). 

The altered levels of arousal over cigarette blocks was 
consistent with research on circadian rhythms (Fig. 1). 
Self-rated arousal levels typically increase during the 
morning, remain at a maximum until late afternoon, then 
reduce over the evening (Folkard et al. 1978). The present 
data were, however, defined by cigarette number, rather 
than time of day, so caution must be exercised in ex- 
trapolating these findings to the circadian literature. 
There was an intriguing time effect with self-reported 
feelings of stress, which reduced significantly as the day 
progressed (Fig. 2). The significant time x type interac- 
tion also showed that stimulant smokers demonstrated 
a comparatively steeper reduction in stress over the day 
(Fig. 2). This circadian decrease in stress was indepen- 

dent of drug status, since it was evident both before and 
after each cigarette (Fig. 2). However, it may be that it 
reflects the accumulation of nicotine over the day. This 
hypothesis is currently being investigated, in a study 
where circadian patterns of self-reported stress are being 
monitored in smokers and non-smokers. It is hypothe- 
sised that stress levels with non-smokers will remain 
constant over time, while those for smokers will decrease. 

The present study has shown that cigarette smoking 
can affect arousal and stress in independent ways. Stimu- 
lant smokers demonstrated increased arousal and re- 
duced stress post-smoking throughout the day. Sedative 
smokers reported a consistent reduction in stress, while 
feelings of arousal were generally less affected. Arousal 
and stress did not co-vary in the way predicted by the 
arousal modulation theory. Altered feelings of stress and 
arousal seem therefore to be largely independent (Figs. 
1, 2). These findings raise serious questions for the 
arousal modulation theory of smoking, which has been 
summarised in the following terms: "Smoking can be 
used either to arouse the individual or to sedate and 
tranquilize", also: "Smoking is arousing in some situa- 
tions and for some people, and dearousing for others" 
(Gale and Ney 1989, p 7). See also: Mangan and Golding 
(1984, pp 82-84), or Ashton and Golding (1989, pp 
38M3). One essential aspect of the arousal modulation 
theory is the equation of high stress with high arousal, 
and low tension/nervousness with low arousal. This was 
not, however, confirmed by the present findings (Figs. 1, 
2; Table 2). 

The present study provides empirical support for the 
alternative viewpoint: that stress and arousal are 
separate dimensions (Surawy and Cox 1987; Ashton and 
Golding 1989). This conclusion also equates with factor- 
analyses of mood state questionnaires, where arousal and 
stress emerge as orthogonal factors (Mackay et al. 1978). 
Ashton and Golding (1989) have also criticised the 
arousal modulation theory for being too simplistic, and 
failing to account for the many disparate psychological 
changes which occur during smoking. They recently 
wrote: "Nicotine and smoking affect simultaneously all 
the major functional systems governing behaviour - 
those for reward/punishment, for arousal, and for learn- 
ing and memory" (Ashton and Golding 1989, p 42). 
Furthermore: "The motives discussed in the preceding 
pages operate together at all times in any smoker, al- 
though the weightings between different motivations 
may vary between and within individuals, over time, and 
in different circumstances" (p 43). The present findings 
confirm this viewpoint. They further suggest that arousal 
modulation should be seen as separate from stress 
modulation. Both occur, but in separate and largely 
independent ways. 
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