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Stress and Arousal Rhythms in Cigarette Smokers, 
Deprived Smokers, and Non-Smokers 
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Feelings of stress and arousal were assessed in sedative smokers (N=26),  stimulant smokers ( N =  14), nicotine- 
deprived smokers ( N -  14), and non-smokers (N=22).  The self-rating questionnaire was completed every 2 hours, 
from waking until late evening. Feelings of anxietyktress decreased over the day in non-smokers, and both groups 
of smokers, but increased in deprived smokers (group x time interactions: p < 0.001). This demonstrates the anxioge- 
nic effects of nicotine deprivation, and confirms that one major reason for smoking is to avoid the deleterious 
effects of nicotine deprivation. While average daily stress levels did not differ significantly between smokers and 
non-smokers, both groups of smokers started the day with higher stress than non-smokers, but ended the day 
with slightly lower stress (group x time interactions: p ~ 0 4 0 1 ) .  Thus the gradual accumulation of nicotine does 
have anxiolytic effects. The arousal findings were complex, with different circadian patterns found across all four 
groups. 
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INTRODUCTION 

Cigarette smoking and other forms of nicotine 
administration can affect many psychological func- 
tions. Smoking-deprivation often generates feelings 
of tension and irritability, while smoking generally 
leads to feelings of relaxation and pleasure (Heim- 
stra, 1973; Schachter, 1978; Speilberger, 1986; Gil- 
bert and Wesler; McNeil, 1991). With reference to 
arousal, when cigarette smokers are deprived of 
nicotine, they generally display EEG signs of 
reduced arousal, and impaired performance on sus- 
tained attention tasks (Knott and Venables, 1977; 
Wesnes and Warburton, 1983; Parrott and 
Roberts, 1991). In contrast, smoking often leads 
to EEG signs of increased alertness, and improved 
vigilance performance (Knott and Venables, 1977; 
Wesnes and Warburton, 1983; Warburton, 1988; 
Wesnes and Parrott, 1992). Whether smoking 
generates true improvements in alertness and mood 
state, or just reverses the deleterious effects of 
deprivation, has been widely debated (Surgeon 
General, 1988; Warburton, 1988; Parrott and 
Roberts, 1991; Wesnes and Parrott, 1992). 

Cigarette smoking therefore influences both cog- 
nitive functions (information processing), and 
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emotional states (anxiety, pleasure). These psycho- 
logical changes have been linked together in the 
‘Arousal Modulation’ theory of smoking. This the- 
ory can be criticised on theoretical and empirical 
grounds, since few studies have simultaneously 
assessed the effects of cigarettes upon stress and 
arousal (Parrott, 1992). It was for this reason, the 
present series of studies were undertaken. Feeling 
states were assessed immediately prior to smoking, 
then immediately after each cigarette, over a whole 
day of smoking (O’Neill and Parrott, 1992; Parrott, 
in press, unpublished). One consistent finding to 
emerge was the diurnal rhythm for feelings of 
anxietyhtress. Stress levels commenced high in the 
morning, then reduced over the rest of the day. 
This monotonic function was quite different from 
the inverted-U function typical for arousal (Fol- 
kard, 1983; Thayer, 1989). i t  was therefore hypoth- 
esised that this decreasing stress may reflect the 
daily accumulation of nicotine, since: ‘Smoking 
represents a multiple dosing situation with consider- 
able nicotine accumulation ’ (Surgeon General, 1988, 
p38). In order to test this hypothesis, diurnal pat- 
terns of anxietyhtress in non-smokers and smokers 
need to be compared. This was the main aim of 
the present study. Further aims were to compare 
the circadian rhythms of arousal in smokers and 
non-smokers, and to assess all these mood state 
changes in deprived smokers. 
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METHOD 

Subjects 
University staff and students comprised the unpaid 
volunteers. Of the 95 who agreed to participate, 
76 returned fully-completed questionnaires. 
Smokers using less than 10 cigarettes per day, or 
with identical Smoking Motive Questionnaire 
(SMQ sedative/stimulant subscale scores (see 
below), were excluded from further analysis. The 
remaining smokers were divided into two sub- 
groups (Parrott, in press): 

Sedative smokers (N=26: 15 female, 11 male. Age 
range: 19-35 years) comprised those with higher 
sedative than stimulant SMQ subscale scores. 

Stimulant smokers (N=14: 5 female, 9 male. Age 
range: 2 5 4 0  years) comprised those with higher 
stimulant than sedative SMQ subscale scores. 

The above smokers were also asked if they would 
abstain from smoking for one day; those who 
agreed comprised the third group. 

Deprived smokers (N= 14: 8 females, 6 males. Age 
range: 19-27). Eleven subjects came from the seda- 
tive subgroup, while 3 were from the stimulant sub- 
group. 

Non-smokers (N=22: 12 female, 10 male. Age 
range: 19-55) comprised those who had never 
smoked, or had not smoked for over one year. 

There were no significant differences in age or 
cigarette consumption between groups. 

Questionnaires 

The Smoking Motive Questionnaire (SMQ), (West 
and Russell, 1985; based upon Russell et al., 1974), 
was completed by a11 subjects. The sedative and 
stimulant scales were used for subgroup classifica- 
tion (see above). 

The mood state questionnaire (O’Neill and Par- 
rott, 1992) comprised two bipolar stress questions, 
and two bipolar arousal questions. They were cho- 
sen for their high loadings on Mackay’s (1978) 
stress and arousal factors. The questionnaire is 
summarised below: 

TENSE- strongly, slightly, neither,. . . 
NERVOUS- strongly, slightly, neither,. . . 
ENERGETIC- strongly, slightly, neither,. . . 
ALERT- strongly, slightly, neither, . . . 

slightly, strongly -RELAXED 

slightly, strongly -CALM 

slightly, strongly -TIRED 

slightly, strongly -DROWSY 
Each question was scored from 1 to 5. The first 

two questions were combined to produce the over- 
all stress score (2=low, lO=high); the two latter 
questions for the arousal score (2=low, lO=high). 
This set of scales was completed at the following 
times: 10 minutes after waking, loam, 12noon, 
2pm, 4pm, 6pm, 8pm, and 10pm; on day when sub- 
jects would not be consuming alcohol. 

Analysis 
The ANOVA model comprised two main factors: 
group (sedative/stimulant smokers), and time (8 
periods over the day). An initial ANOVA was per- 
formed on the overall data from all four groups 
(using SPSS-pc). Then a series of ANOVAs 
between subgroup pairs was undertaken. The rea- 
son for this procedure was that conventional com- 
parison tests (eg. Dunnet, Duncan) can be applied 
to main factors, and the crucial statistic here was 
the time x group interaction. This interaction term 
can be fully interpreted only when it is the product 
of a two-group comparison. 

RESULTS 
Group mean stress scores over time are shown in 
Figure 1. The ANOVA findings are presented in 
Table 1. Feelings of stress for the overall analysis 
were significantly affected by: time, subjects group, 
and time X group interaction (all p < 0-001; Table. 
1). The sources of these significant effects can be 
identified from the two-group comparisons. In the 
non-smokerhedative smoker comparison, time 
(p c 0.001) and group x time (p c 0-OOl), were each 
significant. Both groups reported moderate feelings 
of stress after waking, a slight increase to an early- 
morning peak, then a steady reduction over the 
rest of the day. However, sedative smokers started 
the day with higher stress than non-smokers, but 
ended the day with lower stress, thus generating 
the significant group x time interaction (Figure 
1). The non-smoker/stimulant smoker comparison 
was similar in all respects, with a non-significant 
group effect, but significant time (p<O.OOl) ,  and 
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Table 1. ANOVA stress findings (two-tailed probability values) 

Group Time Group x Time 

F-value df sig F-value df sig F-value df sig 

All groups 19.2 3;72 0.001 11.3 7;504 0401 8.04 21;504 0.001 
Non-smokers/ 0.72 1;46 ns 17.96 7;322 0.001 3.44 . 7;322 0.001 

Non-smo kers/ 1.16 1;34 ns 11.49 7;238 0.011 11.49 7;238 0.001 

Sedative smokers/ 0.08 1;38 ns 29.02 7;266 0.001 0.55 7;266 ns 

Non-smokers/ 54.49 1;34 0.001 1.36 7;238 ns 8-23 7;238 0.001 

Sedative smoked 43-15 1;38 0.001 2.08 7;266 0.046 23.49 7;266 0.001 

Sedative smokers 

Stimulant smokers 

Stimulant smokers 

Deprived smokers 

Deprived smokers 

Deprived smokers 
Stimulant smokers/ 47.28 1;26 0.001 1.65 7;182 ns 1634 7;182 0.001 
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Figure 1. Stress ratings over the day 

group X time interaction terms (p<O.OOI; Table 
1). Thus stimulant smokers started the day with 
higher stress than non-smokers, but ended the day 
with slightly lower stress (Figure 1). In the sedative/ 
stimulant group comparison, neither of the 
ANOVA group terms approached significance, 
confirming that both types of smoker showed simi- 
lar diurnal patterns of stress (Table 1; Figure 1). 
Results were very different with the deprived 
smokers. Stress levels on waking were similar to 

those of the other smokers, they then increased over 
the rest of the day (Figure 1). The group and group 
x time interaction terms were highly significant, 
for all pair-wise comparisons (p < 0.001; Table 1). 

Arousal scores over time are shown in Figure 
2, while the ANOVA findings are summarised in 
Table 2. In the overall analysis, feelings of arousal 
were significantly affected by time (p <0*001), and 
group x time interaction @<0.001; Table 2). The 
patterns of change over time differed between sub- 
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Figure 2. Arousal ratings over the day 

Table 2. ANOVA arousal findings (two-tailed probability values) 
Group Time Group x Time 

~ ~~ 

F-value df sig F-value df sig F-value df sig 

All groups 0.71 3;72 ns 14-34 7304 0401 8-41 21;504 0-001 
Non-smokers/ 0-01 1;46 ns 12-42 7;322 0.001 8-13 7;322 0-001 

Non-smokers/ 0.46 1;34 ns 8.00 7;238 0.001 3.25 7;238 0.003 

Sedative smokers/ 2-28 1;38 ns 7.58 7;266 0.001 19.32 7;266 0.001 

Sedative smokers 

Stimulant smokers 

Stimulant smokers 

Deprived smokers 0.81 1;34 ns 8.50 7;238 0.001 1.99 0.057 

Deprived smokers 

Deprived smokers 

Non-smokers/ 

Sedative smokers/ 2.74 1;38 ns 13-89 7;266 0.001 12.75 7;266 0.001 

Stimulant smokers/ 0.20 1;26 ns 17.20 7;182 0.001 2.20 7;182 0-036 

groups. All started the day with low arousal, but 
generated arousal peaks at different times: non- 
smokers around mid-day (noon-4pm); sedative 
smokers earlier in the day (loam-noon); deprived 
smokers and stimulant smokers later in the day 
(6pm-i0pm; Figure 2). 

DISCUSSION 
The main stress findings can be summarised as fol- 
lows. Deprived smokers reported a diurnal pattern 

of increasing stress, whereas smokers and non- 
smokers noted decreasing feelings of stress over the 
day. Both groups of smokers started the day with 
higher levels of stress than non-smokers, but fin- 
ished the day with slightly lower stress. The higher 
initial stress with smokers may due to overnight 
nicotine deprivation, while their steeper decrease 
in stress may reflect the accumulation of nicotine 
over the day. Lastly, individual subject data (from 
parallel studies) shows that smokers experience 
vacilating feelings of stress over the day: high prior 
to smoking, low after smoking, then high before 
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the next cigarette is lit. These stress/smoking rela- 
tionships are analysed in more detail below. 

Self-rated feelings of arousal typically follow an 
inverted-U function, with peak arousal in the mid- 
dle part of the day (Figure 43 in: Folkard, 1983). 
Inverted-U arousal functions were generated pre- 
viously (O’Neill and Parrott, 1992; Parrott, in 
press), but some variation was apparent here. Non- 
smokers showed an arousal peak around mid-day, 
stimulant smokers and deprived smokers later in 
the day, while sedative smokers reported an earlier 
arousal peak (Figure 2). These findings suggest that 
stimulant smokers experienced increasing feelings 
of arousal, while sedative smokers demonstrated 
decreasing arousal over the day. If confirmed this 
would suggest that ‘sedatives’ were smoking to 
lower their arousal, while ‘stimulants’ were smok- 
ing to generate heightened alertness. However, it 
should be noted that these patterns were quite dif- 
ferent from those found previously, when sedative 
and stimulant groups displayed very similar 
inverted-U functions (O’Neill and Parrott, 1992; 
Parrott, in press). 

Deprived smokers reported increasing levels of 
stress over the day (Figure 1). In contrast, non- 
smokers and smokers reported moderate stress on 
waking, a slight increase to an early morning peak, 
then decreasing feelings of anxietyltension as the 
day progressed (each group x time interaction 
p < 0.001; Table 1). These findings are in agreement 
with the literature on cigarette smoking and mood. 
Smoking deprivation generally leads to feelings of 
irritability, stress and tension (Heimstra, 1973; 
Hughes et al., 1984; West and Russell, 1985; Sur- 
geon General, 1988). In contrast, smoking often 
leads to feelings of relaxation and pleasure (Frith, 
1971; Heimstra, 1973; Schachter, 1978; Speilberger, 
1986). Thus Wesnes et al. (1984, p233) have noted: 
‘The vast majority of smokers respond positively to 
the question “Smoking helps me to relax”.’ The 
neurochemical basis for these actions centres 
around the cholinergic system, although a range 
of explanatory models have been proposed (Sur- 
geon General, 1988, p408-413; Gilbert and Wesler, 
1989). 

Smokers started the day with higher stress than 
non-smokers, but ended the day with slightly lower 
stress (Figure 1). Drug x time interactions were 
significant for the non-smokerhedative group com- 
parison, and the non-smoker/stimulant group com- 
parison (bothpc0-001; Table 1). This suggests that 
the accumulation of nicotine over the day has an 
anxiolytic effect, also that this anxiolytic effect is 

independent of smoking typology, as noted earlier 
(O’Neill and Parrott, 1992; Parrott, in press). The 
higher initial stress of smokers may reflect over- 
night nicotine deprivation, with smoking absti- 
nence leading to impaired mood. Alternatively, it 
may comprise a return to ‘normal’ anxiety, with 
smokers having slightly higher average trait- 
anxiety than non-smokers (Cherry and Kiernan, 
1978; Warburton, 1988). Non-smokers demon- 
strated a pattern of decreasing stress over the day 
(Figure 1). Thayer (1989) has noted a similar diur- 
nal rhythm: ‘The tense-energy mood is usually pres- 
ent during the first third of the day’, while later in 
the day: ‘Tense-energy would gradually be replaced 
by tense-tiredness’. (Thayer, 1989, p53. Note: tense- 
energykiredness is equivalent to Mackay’s stress 
factor; see Thayer, 1989, p61). 

Average daily stress levels for smokers and non- 
smokers, did not differ significantly. Thus it might 
be concluded that smoking does not produce any 
mood advantage over non-smoking, whereas depri- 
vation clearly impairs mood (Figure I). This con- 
clusion is similar to that offered by Schachter 
(1 978). He demonstrated that non-smokers were 
similar to smokers in terms of degree of pain-stress 
they would tolerate, while deprived smokers toler- 
ated significantly less pain-stress than the other two 
groups: ‘It would appear then that smoking is not 
anxiety reducing but, rather, that no smoking or 
insuficient nicotine is for the heavy smoker, anxiety 
increasing’ (p210). McNeil (1991) came to similar 
conclusions with child smokers: ‘Feeling calmer 
when smoking was consistently related to reports of 
aversive withdrawal efects when attempting to give 
up. Rather than a direct effect of their smoking, feel- 
ing calmer may therefore come about as a relief of 
incipient withdrawal symptoms ’ (p59 1 ) . The present 
findings clearly support this conclusion. They 
demonstrate that one major effect of smoking is 
to forestall the deleterious mood effects of cigarette 
withdrawal. 

One controversy in the moodhmoking literature, 
is whether smoking ‘improves’ mood, or whether 
the apparent improvements simply reflect the rever- 
sal of drug deprivation. The Surgeon General 
(1988, p407) has stated: ‘Caution must be exercised 
in generalising about smoking and nicotine S effects 
on stress and mood because most laboratories com- 
pare smokers smoking with smokers not smoking. 
Few studies include the important control group of 
nonsmokers not smoking to allow unequivocal deter- 
minations of whether smoking and nicotine are stress 
reducing, or whether abstinence and smoking depri- 
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Figure 3. Feelings of stress before and after each cigarette, over a day of smoking: data from an individual (after: 
Parrott, unpublished) 

vation are stress increasing’. The present study pro- 
vides this control group, but its findings support 
both explanations. Smoking clearly reverses the 
deleterious effects of nicotine deprivation (see 
above). However, anxiolytic effects are indicated 
by the significantly greater decrease in feelings of 
anxiety/stress over the day, for smokers compared 
to non-smokers. Although final stress levels late 
in the day were very similar for smokers and non- 
smokers (Figure 1; Table 2). Thus the question of 
whether nicotine causes ‘true’ mood improvements, 
remains tantalisingly difficult to answer. 

The total picture is however even more complex. 
In previous studies, it was demonstrated that many 
smokers experience vacilating feelings of stress over 
the day. Feelings were often high prior to each 
cigarette, low immediately after smoking, then high 
again prior to the next cigarette (O’Neill and Par- 
rott, 1992; Parrott, in press, unpublished). This pat- 
tern can be illustrated by one subject’s data (Figure 
3; from Parrott, unpublished). When cigarettes 
were smoked in quick succession, cumulative stress 
reduction often occurred, but when the inter-cigar- 
ette interval was prolonged (+30 minutes), stress 

levels generally increased again (Figure 3). This 
subject therefore experienced alternating moods 
over the day, a pattern evident in many other indivi- 
duals, and in the group data from all studies (0’- 
Neil1 and Parrott, 1992; Parrott, in press, 
unpublished). Many smokers therefore experience 
repetitive fluctuations in feeling states, with each 
period of cigarette deprivation comprising an inter- 
mittent source of stress. In pharmacodynamic 
terms, there is an inherent logic behind these reci- 
procal mood changes, given the number of cigar- 
ettes smoked each day. If the ‘beneficial’ effects 
of smoking were longer lasting, then cigarettes 
would need to be consumed less frequently (com- 
pare with cannabis use). Furthermore, if smoking 
comprises a source of stress, then smokers should 
become less stressed when they quit the habit. This 
prediction was empirically confirmed in a recent 
nicotine-gum trial. Successful quitters reported sig- 
nificantly lower levels of stress 6 months after quit- 
ting, than at baseline. Stressful life events were also 
recorded, but were unchanged over this period, 
indicating a genuine reduction in propensity for 
stress (Parrott, Craig, and Phillips, submitted). 
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These findings are also in agreement with West 
(1 992), who suggested that ‘anxiety reduction’ was 
the process by which nicotine-gum helped smoking 
cessation. 

These findings have a number of implications 
for the mood/smoking literature. Circadian factors 
are central to arousal research (Folkard, 1983), but 
are also important for stress. Thus a diurnal pattern 
of decreasing stress seems to be normal for both 
smokers and non-smokers (Figure 1). The present 
findings agree with the literature on mood and 
smoking: deprivation associated with negative 
moods, smoking with positive moods (Gilbert and 
Wesler, 1989). However, they demonstrate that the 
moodsmoking relationship is far more complex 
than previously described. Many smokers exper- 
ience rapid alternations in feeling states, closely 
related to their patterns of cigarette use (Figure 
3). Smoking is therefore a direct cause of stress, 
because of acute nicotine withdrawal. Hence the 
familiar cry of smokers who ‘need’ a cigarette, when 
they have not smoked recently. Put simply, while 
cigarettes are anxiolytic, the periods between cigar- 
ettes are anxiogenic. Lastly, and perhaps most 
importantly, this cycle of repetitive feeling state 
reversals, provides a clear psychological rationale 
for the addictive nature of smoking. 
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