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ABSTRACT

Twenty smokers and twenty non-smokers completed a brief Mood State Questionnaire every 2 hours, over one day
shift and one night shift. The subjects comprised male police o�cers and factory workers, aged 23±57 years. Cigarette
smokers reported signi®cantly higher stress levels than non-smokers on both day and night shifts �p < 0:05�. This
con®rms previous ®ndings that smokers are often more stressed than non-smokers. Stress levels varied over time
within each shift �p < 0:001�, but the circadian patterns did not di�er between smokers and non-smokers. Thus
smoking did not alter circadian mood rhythms, nor did it facilitate stress control. Self-rated levels of arousal showed
the archetypal inverted-U pattern over time in both smokers and non-smokers. There was no di�erence in mean
arousal levels between subgroups, indicating that cigarettes did not lead to greater alertness. The shift� time
interaction was signi®cant for both stress �p < 0:001� and arousal �p < 0:003�, indicating di�erent circadian rhythms
during the day shift and the night shift. Finally, while smokers consumed slightly more cigarettes during the night
shift than day shift (22.3, 19.4 respectively, p < 0:05), mean stress and arousal levels did not di�er between shifts. The
implications of these ®ndings for smoking behaviour are discussed. # 1997 by John Wiley & Sons, Ltd.
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Cigarette smoking has been found to produce a
number of diverse psychophysiological changes.
These include increased physiological arousal,
feelings of alertness, faster information process-
ing and improved vigilance.1±3 The act of smok-
ing also reduces feelings of stress and aids
relaxation.4±7

Typically, an inverted-U function has been
found for self-rated feelings of arousal, with levels
peaking around midday and decreasing over the
late afternoon and evening. Arousal levels fall to
their lowest during the night, which can make it
di�cult for nightshift workers to maintain optimal
alertness.8 Parrott and Joyce9 found that self-rated
feelings of anxiety/stress decreased over the day in
both smokers and non-smokers. While average
stress levels did not di�er between smokers and
non-smokers, smokers started the day with higher
stress than nonsmokers, but ended with slightly

lower stress levels. Complex circadian patterns were
obtained for self-rated feelings of arousal.

The physiological functions served by cigarette
smoking have so far only been studied for day
workers, not night workers. It is for this reason that
the present study was undertaken. The basic aim
was to investigate whether smoking subserves
similar psychological functions during the day
and night. Self-rated feelings of stress and arousal
were monitored in shift workers over one working
day shift and one working night shift, while the
number of cigarettes smoked was also monitored.
It was predicted that smoking would be more
frequent during night shifts and that this would be
accompanied by greater mood modulation.

METHODS

Subjects

Subjects were all males from a variety of ethnic
backgrounds; they comprised manual workers
from a local factory and police o�cers. All subjects
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routinely worked rotating shifts with scheduled
rotation. None were paid for participation. Of the
45 returned questionnaires, ®ve were omitted due
to incomplete data. The remaining 40 subjects
comprised two subgroups: non-smokers (N � 20:
age range 23±53 years) who had never smoked, or
not smoked for over 1 year, and smokers (N � 20:
age range 27±46 years) who currently smoked
between 15 and 40 cigarettes a day (mean � 20:0
cigarettes per day).

Assessment measures

The Mood State Questionnaire was derived from
the Short Adjective Checklist (SACL10).

Two questions were taken from the SACL stress
factor (questions 1 and 2), while two were taken
from the SACL arousal factor (questions 3 and 4).
The resulting mood questionnaire11 is summarized
below:

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

Each question was scored from 1 to 5. The ®rst
two questions were combined to produce the
overall stress score �2 � low; 10 � high�, while
the two latter questions generated the arousal score
�2 � low; 10 � high�. In addition, the Smoking
Motivation Questionnaire5;6 was also completed.

Procedure

All subjects were given an instruction booklet, a
set of Mood State Questionnaires ��4� and the
Smoking Motivation Questionnaire. The Mood
State Questionnaire was to be completed at the
following times: 12 midnight, 2.00 am, 4.00 am,
6.00 am, 8.00 am, 10.00 am, 12 noon, 2.00 pm,
4.00 pm, 6.00 pm, 8.00 pm, and 10.00 pm. If asleep
at any times, subjects ticked the `asleep' box.

Smokers also indicated how many cigarettes had
been smoked within each 2-hour time period. This
procedure was carried out over one working day
shift and one working night shift, when they would
not be consuming alcohol. Subjects were asked to
follow this procedure on the same working day for
each shift.

Treatment of results

A three-way split-plot ANOVA was performed
on these data, with one between-subjects factor,
group (smoker, non-smoker) and two within-
subjects factors, shift (day, night) and time (eight
time periods).

RESULTS

With self-rated feelings of stress, signi®cant
ANOVA main e�ects were found with groups
�p < 0:05�, time �p < 0:001� and shift� time inter-
action �p < 0:001�. Feelings of stress were signi®-
cantly higher in smokers than non-smokers and
varied over time (Table 1; Fig. 1). The signi®cant
shift� time interaction showed that patterns of
stress changes over time di�ered between each shift.
Although stress levels were slightly higher when
working nights, this di�erence was not signi®cant
�p � 0:104�, two-tail.

With self-rated feelings of arousal, signi®cant
ANOVA e�ects were found for time �p < 0:001�,
and shift� time interaction �p < 0:05�. Arousal
levels therefore di�ered over time, while these
circadian patterns of change also di�ered between
shifts (Table 1; Fig. 2). Arousal levels peaked
higher when working nights compared to days, but
also showed a steeper decline later in the shift.
Signi®cantly more cigarettes were smoked during
night shifts �mean � 22:3� compared with day
shifts �mean � 19:4; p < 0:009�.
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Table 1 Ð ANOVA stress and arousal ®ndings (two-tailed probability values)

Stress Arousal
F-value df p-value F-value df p-value

Groups (smoker/non-smoker) 4.53 1;38 0.040 1.61 1;38 0.212
Shift (day/night) 2.78 1;38 0.104 0.39 1;38 0.536
Time (8 time periods) 9.81 7;266 0.001 52.58 7;266 0.001
Groups� Shift 0.89 1;38 0.352 0.55 1;38 0.465
Groups� Time 0.40 7;266 0.902 1.93 7;266 0.065
Shift� Time 6.51 7;266 0.001 3.14 7;266 0.003
Groups� Shift� Time 1.01 7;266 0.389 0.88 7;266 0.525
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Fig. 1
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Fig. 2
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DISCUSSION

Smokers reported signi®cantly higher stress levels
than non-smokers on both day and night shifts
( p < 0:05; Fig. 1). This agrees with a number of
previous studies where smokers have been found to
experience higher levels of daily stress than non-
smokers. In the UK Health and Lifestyle Survey
involving over 9000 subjects, current smokers were
signi®cantly more stressed than either non-smokers
or former smokers.12;13 Robertson14 similarly
found that heavy smokers experienced higher levels
of anxiety, neuroticism and depression than non-
smokers. Cohen and Williamson15 also reported
higher levels of self-rated stress in current smokers
than non-smokers. Furthermore in a longitudinal
study of smokers attempting to quit, those who
managed to stop smoking reported decreasing
levels of stress over time, whereas those who failed
in their cessation attempt reported consistently
high stress levels throughout the study.16 In a brief
overview, West17 concluded: `Smokers do not
present as less anxious than nonsmokers. Indeed,
in surveys they emerge as signi®cantly more
anxious overall'.

The relationship between smoking and stress has
been a subject of controversy for many years.18;19

The two main explanations proposed for this
relationship are the nicotine resource model and
the deprivation reversal model. The nicotine
resource model suggests that nicotine is a useful
resource, used by smokers to control their daily
moods.20 The deprivation reversal model suggests
that smoking has no real bene®cial functions and
that the positive feelings which accompany the act
of smoking re¯ect the reversal of the deleterious
mood e�ects of nicotine deprivation.21 In a
development of the latter model, Parrott9;22 sug-
gests that smoking is a direct pharmacological
cause of stress. According to this explanation,
smokers routinely experience a source of stress not
experienced by non-smokers: acute nicotine deple-
tion. They su�er from nicotine withdrawal when
they have not smoked recently, and smoking then
restores their normal moods. This model explains
not only why smokers are more stressed than non-
smokers, but also why former smokers become less
stressed when they quit.9;22

The comparative pro®les of mood change over
the day for smokers and non-smokers have been
assessed in only one previous study. Parrott and
Joyce9 reported a signi®cant group by time inter-
action, with smokers starting the day with higher

stress than non-smokers but ending the day with
slightly lower stress. It was hypothesized that the
high initial stress re¯ected overnight nicotine
depletion, while the steeper stress decrease over
the day re¯ected the gradual accumulation
of nicotine.9 One central aim of the current
investigation was therefore to replicate this earlier
study. However, the current ®ndings are ambiva-
lent in this regard. The subgroup by time inter-
action was non-signi®cant here �F � 0:044;
Table 1�, whereas it was signi®cant earlier. Thus
in the current study, smokers started the day with
higher stress levels than non-smokers (5.2 com-
pared with 3.9), while by the end of the day stress
levels were similar for both groups (each 3.0;
Fig. 1). This general pattern of higher stress during
the ®rst part of the day, then lower stress levels later
in the day,also agrees with Thayer,23 who has
noted: `Tense energy mood is usually present
during the ®rst third of the day, while later tense
energy is replaced by tense-tiredness' (p. 53).

During the night shift a di�erent circadian mood
pattern was evident, with high stress levels
throughout the whole period from 10.00 pm to
6.00 am (Fig. 1). This is the time of day when
circadian arousal levels are normally at their
lowest.8 It may be that since night shift working
is unnatural, it is therefore also stressful. However,
it should be noted that stress levels during the night
shift were not signi®cantly di�erent from those
during the day shift, although they were slightly
higher (5.4 at night, compared to 4.8 during the
day; p � 0:104, two-tail). As with the day shift,
cigarette smokers during the night shift reported
higher stress levels than non-smokers. However,
unlike the day shift, this subgroup di�erence
remained consistent throughout the whole time
period. Thus smokers commenced the night shift
more stressed than non-smokers, reported higher
peak stress levels during the middle of the night and
remained more stressed in the early morning
(Fig. 1). This consistent mood di�erence between
groups shows that increasing plasma nicotine levels
(found with repeated cigarette smoking24) were not
having any bene®cial e�ects (contrasting with our
earlier ®ndings,9 also see above paragraph). Thus
cigarette smoking was not providing a means for
mood modulation at night.

Arousal rhythms demonstrated an inverted-U
pattern over time, in both smokers and non-
smokers (ANOVA time e�ect: p < 0:001). This
inverted-U arousal pattern is typical of studies
where subjects rate their feelings of alertness over
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the day.8;11. This inverted-U pattern was found on
both shifts (Fig. 2), although, somewhat surpris-
ingly, peak arousal was higher at night than day,
but then declined more steeply as the morning
approached (shift by time interaction: p < 0:003;
Fig. 2). There were no di�erences between subject
groups in mean arousal levels, nor were any of the
subgroup interaction terms signi®cant. Thus there
were no di�erences between smokers and non-
smokers in their pro®les of self-rated feelings of
arousal. Again, this agrees with the many studies
where current smokers and non-smokers report
similar average levels of arousal/alertness (see
review by Wesnes and Parrott2).

There was a slight, but statistically signi®cant
increase in the number of cigarettes smoked at
night (22.3 compared to 19.4 during the day,
p < 0:023). This con®rmed our prediction that
more cigarettes would be smoked during the night
shift, since it was expected to be more tiring and
stressful than the day shift. However, it was also
expected that any increase in cigarette consump-
tion would be accompanied by a greater degree of
arousal modulation and stress modulation. But as
noted earlier, there was no di�erence in the
amount of stress or arousal change between
shifts. However, it may be that the numbers of
cigarettes consumed during the day and night were
too similar for any di�erential psychological
e�ects to be evident. Overall, therefore, the reason
for the greater cigarette consumption at night
needs to be further investigated. It might be related
to a greater opportunity for smoking breaks at
night, or the less demanding work pro®les typically
found.25

The present study has raised a number of issues
for further investigation. The degree of adaptation
to the shift period was not recorded in this study.
Therefore, the shift groups may have included a
range of subjects, some of whom were well
adapted (ie already working more than 1 week
on that shift pattern) and others who were poorly
adjusted (ie new to that shift schedule). Further
studies might investigate this factor and compare
well adjusted and poorly adjusted workers.
Another topic for study could be the use of
cigarettes by smokers during the process of shift
adaptation. Finally, the e�ects of nicotine depriva-
tion and smoking cessation during shifts need to
be studied. Does the night shift constitute a
particularly di�cult period to go without cigar-
ettes, or is smoking cessation equally di�cult
during the night and day?
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