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LEVIN, E. D., J. E. ROSE, F. BEHM AND N. H. CASKEY. The effects of smoking-related sensory cues on psychological 
stress. PHARMACOL BIOCHEM BEHAV 39(2) 265-268, 1991.--Previous studies have shown that the sensory cues of cigarette 
smoking are important for smoking satisfaction and craving reduction. Sensory cues in the absence of pharmacological doses of 
nicotine have been found to be moderately satisfying and to reduce craving. The current study was conducted to determine if 
administration of the sensory cues of cigarette smoking with minimal nicotine would also provide relief from mild anxiety associ- 
ated with anticipation of a difficult anagram test. This test has previously been shown to be sensitive to the anxiety relieving 
effects of cigarette smoking. Compared to the placebo control condition, the sensory condition caused a significant alleviation of 
the stress as measured by components of the Spielberger scale for anxiety. The addition of cigarette smoke containing 0.5 mg of 
nicotine to the sensory cues caused a slight though nonsignificant enhancement of the stress alleviation. These results demonstrate 
that sensory cues of smoking can provide similar effects as nicotine containing cigarettes with regard to stress alleviation. Previous 
studies had shown that sensory cues are important for the consumptive aspects of smoking (i.e., smoking satisfaction and craving 
reduction). The current study shows that sensory cues are important for other effects of smoking as well. 

Smoking Stress Anagrams Sensory Aerosol 

RECENT findings from our laboratory and others suggest that 
the sensory aspects of nicotine and other components of ciga- 
rette smoke have prominent behavioral effects (2, 18, 20, 23). 
Nicotine itself is an irritant (5,25) and is probably one of the 
principal constituents responsible for the "throat scratch" sensa- 
tion that smokers report enjoying during the act of inhaling cig- 
arette smoke. In addition, the perception of the flavor of smoke 
is an important component of the satisfaction reported by smok- 
ers (17). We have recently developed a method for refining cig- 
arette smoke to keep many of the sensory aspects of smoking 
while eliminating most of the nicotine, tar and carbon monoxide 
delivery (1,20). Subjects report an experience very much like 
smoking a real cigarette despite the 5-10-fold reduction in nico- 
tine delivery and 10-20-fold reduction in tar delivery and no de- 
livery of carbon monoxide. These important peripheral cues may 
be either conditioned or unconditioned stimuli producing many 
of the immediate effects of smoking including smoking satisfac- 
tion and reduction of craving for cigarettes (1,20). This effect 
can also be seen with administration of citric acid aerosol which 
contains no nicotine (11,21). Conversely, blocking the sensory 
stimulation of the throat associated with cigarette smoking sig- 
nificantly reduces smoking satisfaction (18, 23, 24). In addition 
to satisfaction and craving reduction, the sensory cues of smok- 
ing may also be important in producing other effects of smoking 
not related to consumption. 

Smokers often report that smoking a cigarette alleviates stress 

1Requests for reprints should be addressed to Dr. Edward D. Levin, 
Durham, NC 27705. 

(4,13) and anxiety-provoking situations increase the consumption 
of cigarettes (19). These reports seem paradoxical in light of the 
findings that smoking increase sympathetic arousal associated 
with stress (14). As an explanation of this paradox, Gilbert (7) 
proposed that nicotine may interfere with the perception of sym- 
pathetic arousal. However, smoking was not found by Lombardo 
and Epstein (12) to reduce perception of changes in pulse rate. 
That is not to say that smoking or nicotine administration does 
not have any effects on interoception of stress-related events. In 
an earlier study, Epstein et al. (6) found that cigarette smoking 
reduced perceptual sensitivity to forearm flexor electromyographic 
changes. Smoking nicotine-containing cigarettes has been found 
to reduce the anxiety in anticipation of having to solve a diffi- 
cult anagram (9, 15, 16). Stress-reducing effects of smoking 
would be a prime mechanism to consider in accounting for the 
influence of stress on cigarette smoking and relapse after smok- 
ing cessation. Nicotine has received much attention as a possi- 
ble stress-reducing agent in cigarette smoke, and most theories 
have assumed that the direct actions of nicotine on the central 
nervous system are critical in mediating any effects on the per- 
ception of stress. However, the conditioned sensory cues of 
smoking may become important for many of the effects of 
smoking (22). Our previous research has demonstrated that the 
sensory aspects of smoking are important with regard to smok- 
ing satisfaction and craving reduction. Whether the sensory as- 
pects of smoking are important for effects of smoking not related 
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TABLE 1 

TIME LINE OF EVENTS IN THE EXPERIMENTAL SESSION 

Test Session Time Line 

0 min 10 20 30 40 50 

I I I I I I _ _  

Baseline 
Mood and 
Autonomic 
Measures 

Task Example 
Failure Experience 

Presmoking Smoke Admin. Postsmoking 
Mood and 10 puffs l/min Mood and 
Autonomic Autonomic 
Measures Measures 

Anagram 
Task 

to evaluation of and craving for smoke consumption remains 
unknown. The current study was designed to evaluate the im- 
portance of sensory cues for one of these nonconsumptive 
effects: stress reduction. The hypothesis was that administration 
of the regenerated smoke would be effective in reducing stress 
like cigarette smoke does even though it contained very little 
nicotine. 

METHOD 

Subjects 

Participants in the study were 59 healthy smokers (42 male 
and 17 female) aged 18-50 years who smoked an average of at 
least 20 cigarettes (0.7-1.2 rag/cigarette by FFC analysis) per 
day for the past two years. The subjects underwent overnight 
smoking deprivation prior to the study. The control group had 
14 subjects and each of the other three treatment groups had 15 
subjects. 

Experimental Design and Procedure 

In a between-subjects design, the effects of smoking a ciga- 
rette and/or a cigarette substitute were measured on the subjec- 
tive reports of mood and anxiety and cardiovascular responses 
of subjects during a mildly stressful period. A time line of the 
study session is shown in Table 1. There were four treatment 
groups. The placebo group puffed on nebulized water. The con- 
densate group puffed on a nebulized aerosol of cigarette smoke 
condensate suspended in water. The condensate + cigarette 
group puffed on an equal volume mixture of the nebulized con- 
densate aerosol and fresh smoke from a cigarette (Marlboro). 
The cigarette group smoked only the fresh smoke from a Marl- 
boro cigarette. 

The stress used was anticipation of failure in an anagram test. 
Anticipation of failure in a test of difficult anagrams has previ- 
ously been shown to elicit a type of anxiety which is reduced by 
smoking cigarettes (9,16). In the current study each subject was 
first given a very difficult sample anagram test during an orien- 
tation portion of the test session. They were told that this was a 
practice test and that another one would be given later in the 
session for which they would receive 25 cents for each correct 
answer. This pretest was made up of  the 16 of  the most difficult 
anagrams of a list of 378 assessed by Tresselt and Mayzner (28). 
They calculated the median time to solve these anagrams in a 
group of 20 normal subjects. The average median time to solve 
each of these 16 difficult anagrams was 231 seconds with a 
maximum allowed time of 240 seconds. Ten of the anagrams on 
the list were not solved by any of the subjects in the previous 
study. In the present study, the subjects were given 5 minutes 
(300 seconds) to finish all 16 of the difficult anagrams. These 

anagrams have been shown to be sensitive to the stress-alleviat- 
ing effects of smoking (3). After finishing the anagram test, the 
subjects answered the POMS test for mood assessment and the 
Spielberger test for anxiety assessment (27). They also had their 
blood pressure and pulse rate measured. Then they were given 
one of the four smoking conditions: placebo, regenerated ciga- 
rette smoke aerosol, regenerated smoke aerosol mixed with fresh 
cigarette smoke, and fresh cigarette smoke alone. The question- 
naires and cardiovascular measurements were again taken after 
smoking. Finally, the subject was given another anagram test for 
which each correct answer was rewarded with a bonus payment 
of 25 cents. The second anagram test consisted of 16 easier ana- 
grams which were solved in an average median time of 62 sec- 
onds. As with the first test the subjects were given five minutes 
to solve as many as they could. 

Smoke Delivery 

The method of sensory cue delivery employed in the current 
study used refined smoked condensate similar to what we had 
originally developed (20). In the current experiment instead of 
generating the aerosol by heat, an aerosol was made by the use 
of an ultrasonic nebulizer (1). The solution in the nebulizer was 
50 mg of refined cigarette smoke condensate in 4 ml of distilled 
water plus 0.8 ml ethanol. With each puff 3 mg of the solution 
was delivered. Thus only 0.03 mg of condensate was delivered 
with each puff. Puff volume (35 cc) was controlled by using an 
apparatus and procedure developed by Levin et al. (10). 

Data Analysis 

Because the hypothesis concerned the effects of smoking on 
stress in anticipation of failure only those subjects who failed 
the pretest (less than 25% correct) were included in the analysis 
of smoking effects. The dependent variables consisted of an as- 
sessment of subjective mood (the POMS Test and the Spiel- 
berger anxiety scale, as well as heart rate and blood pressure). 
Heart rate and systolic and diastolic blood pressure were mea- 
sured by an Auto-inflation Digital Sphygmomanometer. Group 
differences were assessed by analysis of variance. An analysis 
was conducted to compare the effects of the different levels of 
nicotine and sensory cue presentation in the placebo, regener- 
ated smoke, regenerated smoke + cigarette smoke and normal 
strength cigarette smoke conditions. 

RESULTS 

The subjects in the group which only smoked a cigarette had 
significantly higher stress and lower mood scores on the base- 
line Spielberger and POMS tests before any group-related treat- 
ments were made. Because of these anomalous baseline scores, 
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FIG. 1. Spielberger: change in stress. Effect of smoking condition on 
the cluster of the Spielberger items sensitive to the anxiety-inducing 
properties of the difficult anagram test. 

this group was not considered in subsequent data analysis. 
As expected, most of the subjects encountered a failure ex- 

perience when they took the difficult anagram test. Most sub- 
jects had fewer than 25% items correct on this test (10 of 14 
subjects in the control group, 11 of 15 in the sensory group and 
12 of 15 in the sensory + cigarette group). The anxiety-induc- 
ing effect of failing the pretest was assessed prior to the avail- 
ability of the aerosol mixtures. 

Compared to baseline scores, several of the items of the 
Spielberger anxiety scale were sensitive to the anxiety provoked 
by failing the test of difficult anagrams. The overall Spielberger 
scores were not significantly affected by the pretest. The sensi- 
tive items of the Spielberger test were: ease (p<0.06), tense 
(p<0.06), upset (p<0.08) and nervous (p<0.05). Curiously, 
two items detected significant effects in the opposite direction as 
expected. The subjects reported feeling significantly more joy 
(p<0.025) and significantly less worrying about misfortune 
(p<0.01). The mean of the four items of the Spielberger test 
which were sensitive to the anxiety-inducing effects of the diffi- 
cult anagram test (ease, upset, tense and nervous) were then used 
to assess the effect of the subsequent smoking treatments. The 
ease question was scored oppositely from the other three since 
higher scores on this item indicated less rather than greater 
s t ress .  

There was a significant effect of smoking condition in atten- 
uating the stress induction caused by the difficult anagram test, 
F(2,29) = 5.01, p<0.025.  Comparisons of the effects of the in- 
dividual treatments revealed that the regenerated smoke aerosol 
caused a significant attenuation of the stress compared with pla- 
cebo (p<0.025). The same was true for the regenerated smoke 
aerosol + cigarette condition (p<0.01). The regenerated smoke 

condition did not cause a differential effect relative to the regen- 
erated smoke + cigarette condition. The composite stress scores 
went up 0.33---0.14 in the placebo group, while they came down 
- 0.14-.+ 0. I0 in the regenerated smoke group and - 0.21 --+ 0.13 
in the regenerated smoke + cigarette group (Fig. 1). The smok- 
ing-induced change in scores for individual items is shown in 
Table 2. With each of the individual items the regenerated aero- 
sol caused the same lessening of anxiety relative to placebo as 
the composite score. The differences for the individual items 
were not significant as the cluster of items was except for the 
tense item for which the aerosol group showed a marginally sig- 
nificant, F(1,30)=4.06,  p<0.06 ,  greater reduction than the pla- 
cebo group. 

The POMS test was relatively insensitive to the effect of 
failing the difficult anagram test. Only the confusion cluster on 
the POMS test yielded a significant effect of failing the difficult 
anagram test (p<0.05). This cluster did not yield a significant 
effect of smoking condition. 

The difficult anagram pretest did not significantly alter pulse 
rate. The average pulse rate prior to the pretest was 78.1--+2.4 
(mean--_ standard error of the mean) while the average pulse rate 
after the pretest was 77.3 -*- 2.2. There was a significant, F(1,29) = 
4.71, p<0.05,  drop in systolic blood pressure from before the 
pretest (124.6---2.8) to after the pretest (120.1 ± 3.0). No effect 
of the pretest was seen in terms of diastolic blood pressure. No 
significant effects on pulse rate and blood pressure were seen 
with the smoking manipulations. However, there was a trend to- 
wards an increased pulse rate in smoking the aerosol + ciga- 
rette condition (pre = 76.3 --- 3.3, post = 79.6 ± 3.4), while there 
was no hint of increases in pulse rate in the placebo (pre = 
81.4---6.2, p o s t = 7 9 . 3 - 5 . 2 )  and aerosol (pre=77.1-_+3.1, 
post = 77.1 --- 4.2) groups. 

DISCUSSION 

These results indicate that some of the stress-alleviating prop- 
erties of cigarette smoke can be evoked by presentation of the 
sensory cues of smoking without pharmacological doses of nico- 
tine. This provides support for the idea that conditioned cues of 
smoking are important in determining the psychological effects 
of smoking (22). However, there is also evidence for direct un- 
conditioned pharmacological effects of nicotinic stimulation in 
the respiratory tract resulting in muscle relaxation (8). We have 
previously found that the sensory cues of smoking were impor- 
tant for providing smoking satisfaction and for reducing craving 
for cigarettes (1, 20, 23). The current results that sensory cues 
are also important for stress alleviation, provides the first evi- 
dence that sensory cues of smoking are important for the effects 
of smoking that are not related to the act of smoking itself. Per- 
haps sensory cues of smoking are conditioned to the pharmaco- 
logical effects of the drug with which it is normally associated. 

TABLE 2 

EFFECT OF SMOKING CONDITION ON THE INDIVIDUAL ITEMS OF THE SPIELBERGER TEST 
SENSITIVE TO THE ANXIETY INDUCING PROPERTIES OF THE DIFFICULT ANAGRAM TEST 

Group Ease Tense Upset Nervous 

Placebo -0.50 _ 0.34 0.40 __. 0.22 0.00 _ 0.00 0.22 - 0.15 
Aerosol 0.00 _.+ 0.19 -0.27 --- 0.14" -0.18 ± 0.12 -0.09 --_ 0.25 
Aerosol 0.50 --- 0.36t -0.08 - 0.29 -0.08 _ 0.08 -0.17 _ 0.17 
+ Cigarette 

*p<0.06 vs. placebo, tp<0.05 vs. placebo. 
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In the current study, the addition of nicotine to the presenta- 
tion of sensory cues (regenerated smoke + cigarette condition) 
did not cause significantly greater stress reduction than the re- 
generated smoke alone. It may be possible that there is an addi- 
tional effect with nicotine but that there was insufficient statistical 
power of our experiment to detect such an effect. However, if 
there is an additional effect of nicotine it appears likely that it is 
small compared to the effect of sensory stimulation. 

In the current study, the effects of the regenerated smoke 
aerosol were tested in smokers deprived of cigarettes since the 
previous evening. Deprived subjects were studied to further as- 
sess the potential of this aerosol for use as an aid in smoking 
cessation. It remains an open question whether this regenerated 
smoke aerosol would decrease stress response in nondeprived 
smokers. It seems likely that it would be less difficult for this 
low nicotine regenerated aerosol to attenuate stress response in 
smokers not undergoing nicotine withdrawal. However, smoking 
deprivation itself elevates stress response which may make it 
easier to detect attenuated stress response in a deprived group of 
smokers. 

The reduction in anxiety caused by the sensory cues suggests 
that sensory cues could be used in smoking cessation programs 
not only to address problems with increased craving for ciga- 

rettes, but also to address other unpleasant withdrawal effects not 
related to the consummatory act of smoking. Deprivation of cig- 
arettes has been found to significantly increase anxiety (26). This 
may be a contributing factor in relapse. Conditioned sensory 
cues of smoking may be particularly effective in alleviating 
withdrawal effects such as increase in negative affect. Prelimi- 
nary data from clinical studies in our laboratory indicate that this 
may indeed be the case. 

Sensory cues associated with the delivery of nicotine can 
easily become conditioned stimuli predicting physiological and 
psychological effects of nicotine. Considering that cigarette smok- 
ing pairs a highly characteristic set of cues in close temporal re- 
lation to a pharmacological effect thousands of times a year in a 
moderate smoker, one can easily see how cigarette smoking rep- 
resents an ideal forum for the development of conditioned rein- 
forcing stimuli. When assessing the pharmacological effects of 
nicotine delivered by cigarette smoking it is important to remem- 
ber the cues accompanying the nicotine that is delivered. 
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