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acute stress may stimulate smoking. Together, these studies  
illustrate that stress–smoking relationships are complex.

Acute physical or psychological stress and behavioral chal-
lenges increase subjective desire to smoke, smoking rate, and 
nicotine intake (al’Absi, Amunrud, & Wittmers, 2002; al’Absi,  
Wittmers, Erickson, Hatsukami, & Crouse, 2003; Buchmann  
et al., 2008; Cherek, 1985; Pomerleau & Pomerleau, 1987; Rose, 
Ananda, & Jarvik, 1983; Schachter, Silverstein, & Perlick, 1977), 
which is thought to be driven by the negative subjective effects 
of stress (Conklin & Perkins, 2005; Niaura, Shadel, Britt,  
& Abrams, 2002; Payne, Schare, Levis, & Colletti, 1991; Willner 
& Jones, 1996). However, stress may influence smoking by  
altering the effects of nicotine. Acute stress (Flemmer & Dilsaver, 
1989; Peck, Dilsaver, & McGee, 1991) and corticosteroid  
administration (Caggiula et al., 1993, 1998; Grun, Pauly,  
Bullock, & Collins, 1995; Pauly, Ullman, & Collins, 1988; Shoaib 
& Shippenberg, 1996) regulate sensitivity to nicotine’s effects in 
laboratory animals. In humans, withdrawal- or stress-induced 
cortisol release modulates smoking desire and satisfaction  
(Buchmann et al.; Reuter et al., 2002). Thus, stress could in-
crease smoking by dampening responses to nicotine, that is, 
smokers may smoke more after stress to compensate for attenu-
ated effects.

Here, we investigated the effects of acute psychosocial 
stress on cigarette craving, subjective effects of smoking, and 
smoking behavior. Participants could choose to either smoke 
or earn money after participating in stressful or nonstressful 
tasks. We hypothesized that stress would increase cigarette 
craving, dampen the subjective effects of smoking, and increase 
smoking.

Methods
Procedure
Daily smokers (male = 13, female = 4) were recruited without 
regard to race or ethnicity excluding a current or prior (within  
2 years) diagnosis of Major Axis I DSM-IV (American Psycho-
logical Association, 1994) disorder (except nicotine dependence, 
assessed using The Fagerström Test for Nicotine Dependence 
[FTND; Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991] 
and the Nicotine Dependence Syndrome Scale [NDSS; Shiffman, 
Waters, & Hickcox, 2004]), regular medications, history of  
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did not increase smoking. When individual differences in nico-
tine dependence were taken into account, stress influenced CO 
boost and pleasure from smoking the first cigarette.

Discussion: Our results support previous evidence that acute 
psychosocial stress increases smoking desire.

Introduction
Psychological stress influences the development of substance 
dependence, including tobacco dependence (Sinha, 2008).  
A common belief is that smoking reduces aversive effects of 
stress, particularly negative affect (Kassel, Stroud, & Paronis, 
2003), but there is relatively little behavioral evidence of this 
(Jarvik, Caskey, Rose, Herskovic, & Sadeghpour, 1989; Perkins,  
Grobe, Fonte, & Breus, 1992; Pomerleau & Pomerleau, 1987; 
Pomerleau, Turk, & Fertig, 1984). Actually, acute nicotine acti-
vates stress systems and prolongs physiological stress responses 
(Fuxe, Andersson, Eneroth, Harfstrand, & Agnati, 1989;  
Pomerleau & Pomerleau, 1990). Others propose that smoking 
increases stress, which drives smoking. The deprivation reversal 
(Schachter, 1978; Silverstein, 1982) and stress induction (Parrott, 
1999) models posit that smokers experience nicotine depriva-
tion, including negative affect, between smoking episodes, which 
motivates smoking. Thus, by mimicking nicotine deprivation, 
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cardiovascular problems, night-shift work, pregnancy, lactation, 
or hormonal contraceptive use (Kirschbaum, Kudielka, Gaab, 
Schommer, & Hellhammer, 1999).

The study consisted of an orientation session and two 4.5-hr 
experimental sessions, beginning at noon and scheduled at least 
72 hr apart. The Trier Social Stress Test (TSST; Kirschbaum, 
Pirke, & Hellhammer, 1993a) was administered on one session 
and a control task on the other, in randomized order. At the ori-
entation session, volunteers gave written informed consent and 
completed a computer questionnaire to determine the monetary 
value of a single cigarette (Acheson, Mahler, Chi, & de Wit, 2006). 
Before each session, participants could smoke as normal but not 
eat for 1 hr. On arrival, participants completed drug and alcohol 
tests; no one tested positive. Sessions began with volunteers 
smoking a single cigarette of their usual brand to standardize the 
time since last smoking (t = 0). Fifteen minutes later (t = 15), 
baseline measures were recorded. Then, an assistant read instruc-
tions for the task to follow (t = 30). The TSST instructions stated 
that subjects would perform a mock job interview consisting of a 
speech and mental arithmetic before two examiners and a video 
camera (see Childs & de Wit, 2009, for a detailed description). 
The control task instructions stated that they would describe 
their favorite book, film, and so on to the assistant for 5 min, fol-
lowed by a computer game (solitaire), without evaluation or vid-
eotaping. Ten minutes after the instructions, participants were 
escorted to an adjacent room to perform the tasks (t = 40). After-
ward, they returned to the testing room where measures were 
recorded (t = 50). Ten minutes later (t = 60), the 2-hr smoking 
choice procedure began. Once every 15 min, individuals chose 
between smoking a half-cigarette of their usual brand or receiv-
ing an equivalent amount of money. Dependent measures were 
obtained before and after participants smoked their first half-
cigarette. At the end of the session, subjects received the money 
earned during that session. At the end of the study, the study di-
rector explained the study aims and paid the participants.

Dependent measures
Physiological 
Heart rate and blood pressure were measured using a monitor, 
and saliva samples were collected using cotton wads. Samples 
were assayed for cortisol (Salimetrics LLC, State College, PA; 
sensitivity = 0.003 ug/dL) and for alpha-amylase (Salimetrics 
LLC). Alpha-amylase, released from the salivary gland after  
autonomic nervous system activation, provides a noninvasive 
biomarker of acute stress responses (Granger, Kivlighan,  
el-Sheikh, Gordis, & Stroud, 2007; Nater & Rohleder, 2009). CO 
in expired air was measured using a Smokerlyzer (Bedfont  
Scientific Ltd, Rochester, United Kingdom).

Subjective 
Visual Analogue Scales (VAS; Folstein & Luria, 1973) assessed 
mood (jittery, relaxed, able to concentrate, and irritable), cigarette 
cravings (cigarette craving), and subjective smoking effects (plea-
sure, head rush, taste, satisfaction, harshness, smell, and intensity). 
We (Childs & de Wit, 2009; Cousins, Stamat, & de Wit, 2001) and 
others (Mendelson et al., 2008; Perkins et al., 1994) have shown 
that single-item VAS are sensitive to stress and smoking and correlate 
well with standardized craving questionnaires (King & Meyer, 2000; 
Singleton, Anderson, & Heishman, 2003).

Data analysis
Stress task efficacy was confirmed by comparing pre- with post-
task changes between sessions using Student’s paired t tests. 
Pretask baselines did not significantly differ between the ses-
sions (Student’s paired t tests), and session order did not influ-
ence results (two-factor, Task × Order, repeated measures 
analysis of variance [ANOVA]).

The primary smoking outcome measures were the propor-
tion of participants smoking at the first opportunity, the CO 
boost (pre- to postcigarette) from and subjective effects of the 
first cigarette smoked, and the total number of half-cigarettes 
smoked. These measures were compared between sessions using 
Student’s paired t test and binomial test. Habitual smoking and 
dependence levels were included in the analysis using repeated 
measures analysis of covariance (ANCOVA).

Analyses were performed using SPSS version 16 for Windows. 
Repeated measures ANOVAs were performed with Greenhouse– 
Geisser correction when violations of sphericity were detected. All 
findings remained significant after adjustment; thus, we report 
degrees of freedom from uncorrected analyses.

Results
Most participants were European Americans (59%) in their ear-
ly twenties (mean age 24.2 ± 1.4 years). They smoked approxi-
mately 10 cigarettes a day (11.0 ± 2.0, range 4–40), were light 
social drinkers (7.2 ± 1.4 alcoholic drinks/week), and reported 
some prior recreational drug use; 88% marijuana, 35% stimu-
lants, 24% hallucinogens, 21% opiates, 12% inhalants, and 6% 
sedatives. The average FTND score of participants was 3.4 ± 0.5 
(range 0–7), and the mean monetary value of a cigarette was 
$1.78 ± $0.38 (range $0.20–$5.00). Demographic characteristics 
did not influence responses to stress.

Stress significantly increased heart rate, t(15) = −4.9, p < .001, 
salivary cortisol, t(16) = 3.3, p < .01, and alpha-amylase,  
t(16) = −3.0, p < .01. It significantly decreased ratings of “re-
laxed,” t(16) = 4.0, p < .001, and “ability to concentrate,”  
t(16) = 4.8, p < .001, and increased “anxiety,” t(16) = −2.6, p < .05, 
“jitteriness,” t(16) = −3.9, p < .001, and “irritability,” t(16) = −3.2, 
p < .01.

Stress significantly increased “desire to smoke,” t(16) = 
−3.5, p < .01, Figure 1, and nonsignificantly increased the pro-
portion of participants smoking at the first opportunity (88.2% 
compared with 70.6% after the control task, p = .085). Stress did 
not change the total number of half-cigarettes smoked, t(16) = 
−1.6, p > .1, Figure 1.

Participants’ level of smoking and FTND scores did not  
influence the findings. NDSS subscale scores were significantly 
associated with CO boost and “pleasure” from smoking. Stereo-
typy scores, reflecting a consistent pattern of smoking, influ-
enced stress effects on pleasure from smoking, F(1, 14) = 6.2,  
p < .05; individuals with the highest Stereotypy scores exhibited 
the greatest pleasure from smoking after stress. Furthermore, 
Drive scores, reflecting smoking to relieve withdrawal and subjec-
tive compulsion, influenced stress effects on CO boost, F(1, 14) = 
5.3, p < .05, and pleasure from smoking, F(1, 14) = 5.3, p < .05; 
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individuals with the highest Drive scores exhibited the greatest 
stress-induced increases in CO boost and pleasure from smoking.

Discussion
Our findings support earlier studies showing that acute psycho-
social stress increases smoking desire (Buchmann et al., 2008; 
Colamussi, Bovbjerg, & Erblich, 2007; Erblich, Boyarsky, Spring, 
Niaura, & Bovbjerg, 2003; Niaura et al., 2002; Perkins & Grobe 
1992; Rose et al., 1983). Acute stress did not significantly influ-
ence smoking, yet individual differences in nicotine dependence 
influenced the subjective effects of smoking after acute stress. 
Participants with high NDSS Stereotypy scale scores (i.e., smoke 
in a highly consistent pattern) reported more pleasure from 
smoking after stress. This suggests that acute stress increased the 
rewarding effects of smoking in these individuals. Participants 
with high NDSS Drive scale scores (i.e., report subjective com-
pulsion to smoke and smoking to relieve withdrawal and craving) 
exhibited greater stress-induced CO boost and pleasure from 
smoking. This suggests that stress increases nicotine intake (i.e., 
CO boost, McBride, Guyatt, Kirkham, & Cumming, 1984) and 
the subjective rewarding effects of smoking in these individuals. 
These findings may provide some support for the deprivation re-
versal model of stress-induced smoking, at least in these individ-
uals. That is, the effects of acute stress may mimic withdrawal 
signs, which drive smoking (among these individuals) and en-
hance its rewarding value. We did not measure nicotine with-
drawal signs throughout the sessions, which may have provided 
additional information about individuals’ motivations to smoke.

The present study had some limitations, which may have 
contributed to the lack of significant increases in smoking after 
stress. First, the smoking choice procedure may not have been 
sufficiently sensitive to detect changes in smoking. In our study, 
smoking choices began 10 min after tasks and again every  
15 min for 2 hr. It is possible that the effects of the stress declined 
in the 10-min interval, although this is not consistent with previ-
ous studies utilizing the TSST, or it is possible that the subsequent 
smoking intervals were not timed to detect an effect. The 10-min 
interval between task performance and the first smoking opportu-
nity was essential to assess physiological and subjective responses 

Figure 1.  Changes in cigarette craving and the total number of smok-
ing choices after control and stressful tasks. Data indicate mean ± SEM. 
Asterisks indicate a significant difference between the tasks (Student’s 
paired t test, p < .01). TSST = Trier Social Stress Test.

to the stress, and we and others (Buchman et al., 2009; Childs & de 
Wit, 2009; Kirschbaum, Strasburger, & Langkrar, 1993b) have 
shown that physiological and subjective responses to the TSST re-
main elevated well beyond this 10-min interval. Another potential 
methodological issue was the use of half-cigarettes instead of 
whole cigarettes. Half-cigarettes were used to minimize the effect 
of satiation, but their novelty may have had unknown other  
effects. Lastly, we did not control the topography of subjects’ 
smoking (e.g., puff volume), which may have influenced later 
choices to smoke. However, the CO boost from the first cigarette 
smoked and total cigarettes smoked provided empirical informa-
tion about depth and frequency of smoking (Stepney, 1982).

Another noteworthy finding is that the TSST significantly  
increased salivary alpha-amylase among light smokers. This  
hormone is a relatively new biomarker of stress responses. In this 
study, levels of alpha-amylase were somewhat lower than those  
reported in previous studies (Nagler et al., 2000), possibly because of 
inactivation of alpha-amylase by acid aldehydes in tobacco smoke. 
However, it is important that we were still able to demonstrate a 
significant effect of stress on this measure suggesting that salivary 
alpha-amylase may be a useful noninvasive biomarker of stress- 
induced autonomic nervous system activation in light smokers.

Other limitations included that participants were young, 
and there was wide variation in habitual smoking and nicotine 
dependency severity. We chose to study young volunteers since 
smoking may be more susceptible to the influences of acute 
stress in these individuals, and the results may be different in an 
older or more dependent sample. Although there was large  
interindividual variation in habitual smoking and dependence 
severity, we were able to control for these and indeed demon-
strated interesting relationships between dependence severity 
and influences of stress on smoking.

In conclusion, the findings from the present study support 
earlier findings that acute stress increases smoking desire. 
Acute stress did not significantly increase smoking; however, 
our findings suggest increased pleasure from smoking and 
deeper inhalations in more dependent smokers after stress. 
Our results extend previous findings and suggest relationships 
between the severity of nicotine dependence and influences of 
stress on smoking. Future studies should further investigate 
possible relationships between physiological and subjective 
responses to stress and stress-induced alterations in smoking.
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