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Abstract

Studies suggest that among cigarette smokers trying to quit, stress undermines abstinence. Little research has assessed if therapies that increase
smoking cessation rates impact physiological measures of stress response. Forty-three subjects completed this repeated-measures study in which a
laboratory assessment was completed at baseline and after 17 days of treatment with either placebo (n=15), bupropion sustained release (150mg
twice daily) (n=14) or bupropion with stress reduction counseling (n=14). All subjects quit smoking 3 days prior to the second laboratory
assessment. At each laboratory assessment physiological measures of stress (i.e. blood pressure, heart rate, plasma epinephrine, norepinephrine
and cortisol concentrations) were measured during rest periods and in response to a speech, a math and a cold pressor task. Among subjects taking
placebo, physiological measures of stress were generally lower at rest and during the stressors after smoking cessation. In those taking bupropion
these measures were equivalent at the two assessments. Additionally, compared to placebo, those on bupropion had a greater diastolic blood
pressure response to the speech stressor and greater systolic blood pressure response to the math stressor during the second laboratory session.
This study suggests that bupropion may be maintaining physiological measures of stress during the nicotine withdrawal period.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Laboratory and naturalistic studies suggest that among
cigarette smokers trying to quit, stress undermines abstinence.
There is little research however assessing if modifying the stress
response during the acute nicotine withdrawal period can
increase smoking cessation rates. Retrospective studies evalu-
ating the relationship between smoking and stress have found
that many smokers attempting to quit report that relapse occurred
while experiencing some form of stress or tension (Borland,
1990; Brandon et al., 1990; Cummings et al., 1985; Shiffman,
1982; Shiffman and Waters, 2004; Swan et al., 1988).
Additionally, several laboratory studies have demonstrated that
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during stressful situations (e.g., public speaking, unpleasant
noise), smoking intensity or amount smoked increases as does
self-reported desire to smoke (Cherek, 1985; Perkins and Grobe,
1992; Pomerleau and Pomerleau, 1987; Rose et al., 1983).

There is little data regarding the effect of smoking cessation
pharmacotherapy on stress response during nicotine abstinence.
Bupropion, having been shown to be more effective than
placebo in achieving smoking abstinence, is currently the only
non-nicotine pharmacotherapy approved for marketing in the
United States as an aid to smoking cessation (Hurt et al., 1997;
Jorenby et al., 1999). The mechanism by which it exerts this
therapeutic effect however is unclear. Pharmacologically,
bupropion (and/or its metabolites) inhibits norepinephrine and
dopamine reuptake and exerts non-competitive antagonist
activity at nicotinic acetylcholine receptors (Ascher et al.,
1995; Fryer and Lukas, 1999; Slemmer et al., 2000). At this
time, it is unclear which of these action(s) account for
bupropion's efficacy at increasing smoking cessation rates
although its effects on dopamine and norepinephrine are
thought to be important (Richmond and Zwar, 2003).
Behaviorally, bupropion has been shown to decrease smoking
withdrawal symptoms and to attenuate cue-induced cigarette
craving (Brody et al., 2004; Jorenby et al., 1999). There is little
data however regarding the effect of bupropion on stress-related
physiological measures particularly when used in smokers.
Limited data suggest that bupropion may decrease response to
stress. However these data was reported in a cross-sectional
study comparing depressed patients treated with bupropion with
unmedicated, non-depressed controls (Straneva-Meuse et al.,
2004). Since depression may independently affect stress
response (Light et al., 1998; Sheffield et al., 1998), it is difficult
to ascertain the true effect of bupropion. Therefore, it is not
known whether this data can be extrapolated to those trying to
quit smoking. Given bupropion's known effects on mood and
on smoking and its potential effect on stress, it is possible that
modifying stress reactivity is one of the mechanisms associated
with bupropion's efficacy in treating smokers.

It is also unknown if counseling sessions in which stress
reduction techniques are taught and practiced would result in
alterations in physiological parameters of stress. Studies
assessing whether physiological measures of stress are reduced
following stress reduction counseling have reported inconsis-
tent results (English and Baker, 1983; Gaab et al., 2003;
Seraganian et al., 1987; Vocks et al., 2004). The combination of
pharmacotherapy with behavioral therapy has been found to be
more effective than either individually in treating several
psychiatric disorders (e.g. depression) (Reynolds et al., 1999)
and it is possible that combination therapy would similarly have
the greatest effect on physiological stress parameters.

Short-term laboratory paradigms have been used to examine
stress induced physiological changes in smokers and should be
useful in determining the effects of interventions that increase
smoking cessation rates on stress response (al'Absi et al., 2003;
Girdler et al., 1997; Kirschbaum et al., 1993b; Perkins et al.,
1992; Roy et al., 1994; Straneva et al., 2000; Tersman et al.,
1991; Tsuda et al., 1996). Physiological responses to mental
stress in laboratory settings may correlate with individuals'
physiological responses during stressful situations that com-
monly occur in life and that may lead to smoking relapse
(Blumenthal et al., 1995; Stone et al., 1999). Commonly used
laboratory mental stress tasks include asking subjects to speak
in public or solve timed math problems while being observed
(Strike and Steptoe, 2003). Such tasks have been shown to
cause stress-related physiological responses, including in-
creased efferent sympathetic tone and activation of the
hypothalamic-pituitary-adrenocorticoid (HPA) system. In-
creased sympathetic tone can be measured by increases in
blood pressure, heart rate and plasma catecholamine concentra-
tions (Schoder et al., 2000; Yoshida et al., 1999). Activation of
the HPA axis results in increased corticotrophin-releasing
hormone (CRH) production, leading to the release of adreno-
corticotropic hormone (ACTH) and ultimately to an increase in
cortisol (Herman et al., 2003).

Better understanding bupropion's effects during the nicotine
withdrawal period would provide additional information
regarding the mechanism by which bupropion increases
smoking cessation rates. The purpose of this study was to
determine the effect of bupropion, with and without stress
reduction counseling, on stress-related physiological measures
in a controlled laboratory study examining smokers' response to
stressors when undergoing nicotine withdrawal.

2. Methods

2.1. Design

In this repeated measures study, response to two mental
stress tasks and a cold pressor task were assessed in smokers at
two time-points: prior to quitting smoking and on the third day
after quitting smoking (i.e. approximately 60 h after smoking
cessation). The third day was chosen for the second laboratory
assessment since withdrawal symptoms generally peak two to
three days after smoking cessation (Hatsukami et al., 1984). All
laboratory sessions occurred at approximately the same time of
day (i.e. each session starting between 8 and 10 AM). After the
first assessment subjects were randomized to one of three
treatment groups: bupropion, matching placebo, or bupropion
with behavioral counseling. Subjects were blinded regarding
drug assignment and investigators were blinded regarding
treatment assignment in those not receiving counseling. As
recommended by the manufacturer, bupropion was adminis-
tered for 14days prior to subjects' quit date (GlaxoSmithKline,
2005). A dose of 150mg was given once daily for 3days
followed by 150mg given twice daily for an additional 14 days.
A total of 17 days of medications was therefore taken with the
start day timed such that the second laboratory assessment
occurred approximately 4 weeks after the first. Subjects assigned
to counseling received 4 individual counseling sessions
occurring between the two laboratory assessment visits. Three
days prior to the second laboratory assessment, subjects were
asked to quit smoking. Smoking status was ascertained by
subject report and verified by CO concentrations of <10 parts
per million (ppm). Subjects who were unable to quit smoking for
three days were dropped from the study and did not undergo a
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Fig. 1. Outline of each visit at which mental stress testing was performed. B=blood draw.
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second laboratory assessment. Individuals who did not complete
both laboratory sessions were replaced in the randomization
schedule to assure that an approximately equal number of
participants completed each treatment condition.

2.2. Subjects

Participants were recruited from the University of Minnesota
and surrounding communities through flyers and newspaper
advertisements. To be eligible, potential subjects had to be
between the ages of 18 and 65, have smoked at least 15
cigarettes per day, and have an expired carbon monoxide (CO)
concentration≥10ppm at the time of screening. Subjects with a
current psychiatric illness, contraindication to bupropion
administration (e.g. history of seizure or eating disorders),
serious unstable medical condition, substance abuse within one
year of starting the study, or on medication likely to interact
with bupropion or interfere with study measures were excluded.
The study was approved by the University of Minnesota
Institutional Review Board and written informed consent was
obtained from all subjects.

2.3. Laboratory assessment

Upon arrival for each laboratory visit at the General Clinical
Research Center (GCRC), an indwelling catheter was inserted
to facilitate blood draws and an automated sphygmomanometer
was placed to obtain repeated blood pressure measurements.
During the laboratory assessment subjects performed two
mental stress tasks (public speaking and mental arithmetic)
and a cold pressor task. A modified Trier Social Stress Test was
utilized for the public speaking task (Kirschbaum et al., 1993a).
In this task, subjects were presented with a hypothetical
stressful scenario involving an interpersonal conflict. They
were given 5 min to think about how they would handle such a
conflict and then gave a 3-min speech on the topic in front of 2
people. Their speech was taped and replayed to them shortly
after they finished speaking. A previously described protocol
was used for the mental arithmetic task in which subjects
performed a series of additions over a 3-min period (al'Absi et
al., 1994). For the cold pressor task, subjects were asked to
submerge their hand in an ice water slurry for a 90-s period.

Thirty-minute relaxation periods occurred prior to the speech
task, between each task and after the cold pressor task (see Fig.
1). Blood pressure and heart rate were measured throughout the
laboratory session; at 3-min intervals during the relaxation
periods and at 1-min intervals during the speech and mental
arithmetic task. During the cold pressor task, blood pressure and
heart rate were measured once while the subject's hand was
submerged in ice water and again 90 s after the hand was
removed from the ice water. A total of seven blood draws
occurred during the laboratory session from which plasma
concentrations of epinephrine, norepinephrine and cortisol were
determined. Blood draws occurred at the conclusion of the first
relaxation period, 1 1/2 min into the speech, 15 min after the
speech task, 1 1/2 min into the math task, 15 min after the math
task and at 5 and 30 min after subjects removed their hand from
ice water for the cold pressor task (Fig. 1). To assess subjective
measures of stress the Audience Anxiousness Scale as modified
by Abrams et al was administered prior to and after the speech
task (Abrams et al., 2001; Leary, 1983). This scale was designed
to assess anxiety symptoms when speaking or performing
before an audience by asking 10 questions regarding worries or
thoughts that occur in relation to a public speaking task. The
questionnaire administered prior to the speech task evaluated
anticipatory anxiety by asking the intensity of these symptoms
that subjects expected they would experience during the speech
whereas the questionnaire administered following the speech
asked the intensity of these symptoms that occurred during the
speech.

The plasma catecholamine assay procedure used was a
modification of the procedure reported by Wang et al. (1999)
using extraction kits acquired through ESA Inc. (Chelmsford,
MA). It involves extraction of catecholamines from 1.0ml of
plasma with activated alumina, injection of the acid extract onto
a reverse phase C-18 column and separation with a mobile
phase consisting of 8.0% acetonitrile, 16% methanol and
100mM phosphate buffer pH to 3.0 pumped at 1mL/min. The
amines are detected on an ESA II coulochem electrochemical
detector. The lower limit of quantitation is 10pg/ml in plasma.
For samples with epinephrine concentrations lower than the
lower limit of quantitation (10pg/ml), a value of 5pg/ml was
used for purposes of analysis. Cortisol plasma concentrations
were determined from 25μl of plasma using an enzyme
immunoassay (EIA) kit acquired from Diagnostic Systems
Laboratories (Webster, TX) (DSL-10-2000 Active® Cortisol
kit), the lower limit of quantitation for which is 0.5μg/dl.

2.4. Counseling sessions

A 4-session multi-component counseling intervention was
designed by two licensed psychologists (WR and SC) and was



Table 1
Baseline characteristics of subjects

Characteristics Bupropion
(n=14)

Placebo
(n=15)

Bupropion+
Counseling
(n=14)

Number (%) or mean±SD

Age 40.3±13.3 36.7±12.1 42.9±12.9
Women 6 (43) 4 (27) 9 (64)
Caucasian 12 (86) 11 (73) 13 (93)
Number of cigarettes per day 20.0±5.0 20.1±5.9 20.6±4.7
Exhaled carbon monoxide
concentrations (parts per million)

21.9±10.4 19.3±6.9 20.7±8.0

Age subject started smoking daily 19.3±4.9 18.5±4.9 16.5±2.4
Fagerström Test for Nicotine
Dependence

4.23±2.1 4.2±1.4 4.9±1.8

BMI 27.3±5.3 28.2±3.5 26.1±3.4
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conducted by one (SC). It incorporated general stress
management approaches that have been widely reported in
the literature for stress reduction (Everly and Lating, 2002)
and that have been used in smoking cessation interventions
(Fiore et al., 2000; Niaura and Abrams, 2002). The objectives
of the counseling intervention included: educating participants
about stress and psychophysiological stress response (session
one); teaching basic stress management skills (i.e., diaphrag-
matic breathing, progressive relaxation, and positive visuali-
zation techniques; sessions 2 and 3); promoting skill
generalization (session 4); and providing emotional support
for the smoking cessation. Subjects' individual concerns
related to coping with smoking cessation informed session
content as targets for problem-solving. A progressive
relaxation exercise was conducted and audiotaped for each
participant during session one. Participants were given written
summaries of the relaxation skills taught after each of the first
three sessions as a guide for daily practice. Subjects were
asked to practice relaxing for 10 min (with or without the
tape) twice per day. As a check on the counseling intervention,
subjects were requested to record their use of the techniques
and their pre- and post-practice stress ratings on logs. The
ratings on a 10-point subjective stress scale revealed that self-
rated stress decreased (87.1%) or stayed the same (8.9%) for
most home-practice sessions.

2.5. Statistical analyses

The primary objective of this study was to determine if
bupropion (with or without counseling) affects stress response
during two mental stress and a physical stressor tasks.
Secondary objectives included assessing if bupropion alters
resting levels of physiological parameters of stress during the
nicotine withdrawal period and assessing if nicotine withdrawal
alters physiological stress parameters.

To determine the magnitude of stress response for systolic
blood pressure, diastolic blood pressure and heart rate, the
average blood pressure attained during each stress period (i.e.
during speaking, during math) were compared to the average
values obtained during the relaxation period preceding the
stressor. For plasma epinephrine and norepinephrine concentra-
tions, the measure obtained during each stressor was compared
to the measure obtained during the preceding relaxation period.
Since changes in cortisol are expected to occur more slowly
than changes in the other physiological measures assessed,
change in cortisol (resting to during stressor) was not computed.
Instead, cortisol concentrations were compared using blood
draw as a continuous time measure. Mixed regression models
(SAS PROC MIXED) were used to assess the change in
measurements during each stressor. Time period, laboratory,
and treatment group were treated as fixed effects. Individual
intercept and slope were considered random effects in the
models. Initial analysis results indicated that gender was a
significant factor so it was added as an additional fixed effect.
Significant differences were not observed between the two
bupropion conditions with effect sizes for differences between
the two bupropion conditions ranging from r=0.04 to r=0.22
for epinephrine, norepineprine and cortisol and from r=0.04 to
r=0.38 for measures of heart rate and blood pressure. The two
bupropion conditions were combined and compared to the
placebo condition in the final analyses reported below. To assess
differences in Audience Anxiousness Scale (AAS) scores
analyses of covariance were used to compare treatment groups
on pre and post speech AAS measures during laboratory 2 with
the corresponding laboratory 1 scores as covariates.

3. Results

A total of 43 subjects completed this study and were
included in the analysis. An additional 22 subject completed the
first laboratory session but not the second and were therefore
excluded from the analysis. Physiological response to stress was
compared in completers and non-completers in the first
laboratory session and no statistically significant differences
were found. An examination of the effect sizes for group
(completers vs. non-completers) by time interactions found
nothing larger than r=0.16. Of those who completed the study,
14 were randomized to bupropion, 15 to placebo and 14 to
bupropion with stress reduction counseling. Subjects' baseline
demographics are listed in Table 1. No significant differences
were found between groups. A significant gender effect was
observed in most measures assessed and thus gender was added
as a factor to all analytic models. Men generally had higher
blood pressure and lower heart rate measurements than women
with many of the differences reaching statistical significance.
These gender differences are consistent with previous reports
(Divison et al., 2004; Reckelhoff, 2001). Epinephrine was also
higher in male participants than in females. There were no
gender differences in norepinephrine. There were no significant
laboratory× treatment×gender interactions, suggesting that
differences observed between laboratory sessions in those
receiving placebo compared with those receiving bupropion
were not influenced by gender.

All stressors (i.e. speech, math, cold pressor) were effective in
eliciting a physiological response. A significant period effect (all
p values<0.05) emerged during all three stress tasks for all of the
acutely reactive physiological measures assessed (i.e. blood
pressure, heart rate, plasma catecholamine concentrations) with



Fig. 2. Systolic blood pressure (panel A), diastolic blood pressure (panel B) and heart rate (panel C) response to the three components of the speech stress task
(thinking, speaking, playback).
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the exception of norepinephrine concentrations during the math
stressor. During the speech task, speech delivery elicited a greater
response than speech preparation or replay (Fig. 2) and corres-
ponded to the timing of the blood draw. The speech delivery
period was therefore used in reporting all results. No significant
differences were observed in measures of Audience Anxiousness
Scale (AAS). During the second laboratory period, pre-speech
AAS scores were 24.8 and 26.8 in those taking placebo and
Fig. 3. Systolic blood pressure, diastolic blood pressure and heart rate (mean±SE) in
laboratory sessions conducted prior to and 3 days after subjects quit smoking.
bupropion, respectively. Post-speech AAS scores during the
second laboratory period were 24.7 and 26.1, respectively.

3.1. Effect of treatment on blood pressure, heart rate and
catecholamine concentrations

Overall, physiological parameters of stress were lower
during the second laboratory session in subjects assigned to
subjects receiving placebo (panels A, C, E) or bupropion (panels B, D, F) during



Fig. 4. Plasma epinephrine and norepinephrine concentrations (mean±SE) in subjects receiving placebo (panels A, C) or bupropion (panels B, D) during laboratory
sessions conducted prior to and 3 days after subjects quit smoking. R=resting; S=during speech, S+15=15 min after speech task, M=math, M+15=15 min after
math task, C+5=5 min after cold pressor task; C+30=30 min after cold pressor test.
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placebo, whereas no differences between laboratory sessions
were found in those assigned to bupropion. Similar results were
also found for several measures of stress response.

For most of the parameters assessed, physiological measures
during the second laboratory session were generally lower at all
time-points than during the first (Figs. 3 and 4). A significant
laboratory effect was seen for all of the measures during the
speech task (all p values<0.05), for heart rate [F(1,39)=11.38,
p=0.0017] and norepinephrine concentrations [F(1,37)=13.53,
p=0.0007] during the math task and for epinephrine [F(1,39)=
8.21, p=0.0067] and norepinephrine concentrations [F(1,37)=
11.60, p=0.00160] during the cold pressor task. The decreases
in physiological measures during the second laboratory session
however were largely true only for subjects receiving placebo
with much smaller differences observed in those receiving
bupropion. Significant laboratory× treatment effects were seen
for all measures except norepinephrine concentrations during
the speech and math task and for heart rate during the cold
pressor task (all p values<0.05). Physiological response to
stress, as measured by the difference between measures ob-
Table 2
Change (mean±SE) between physiological measures obtained immediately precedin

Speech

Laboratory 1 Laboratory 2

PBO Bup PBO Bu

Systolic BP (mm Hg) 13.7±1.4 16.3±0.9 7.5±1.3 11
Diastolic BP (mm Hg) 6.8±0.8 8.9±0.6 2.9±0.9 8
Heart Rate (beats/min) 7.7±0.8 10.5±0.6 7.4±0.8 9
Epinephrine (pg/mL) 28.0±5.0 25.0±3.6 21.7±4.4 20
Norepinephrine (pg/mL) 69.3±26.0 7.72±19.0 44.7±19.3 22
tained during the stress task and those obtained during the
preceding relaxation period, for the mental stressors are
summarized in Table 2. A significant laboratory×period× treat-
ment effect was found for diastolic blood pressure during the
speech task [F(1,37)=4.21, p=0.0472] and for systolic blood
pressure during the math task [F(1,37)=9.63, p=0.0037] with a
trend found for diastolic blood pressure during the math task
[F(1,37)=3.43, p=0.0720]. This was also due largely to a smal-
ler response observed during the second laboratory session in
those taking placebo, with no such difference observed in those
taking bupropion. No significant laboratory×period× treatment
effects were found for the cold pressor task.

3.2. Effect of stress and treatment on plasma cortisol
concentrations

Plasma cortisol concentrations increased during each
laboratory session (Fig. 5) and a significant blood draw
(time)× laboratory effect was found demonstrating that the
increase over time was significantly greater during the second
g stress task (speech or math) and measures obtained during stress task

Math

Laboratory 1 Laboratory 2

p PBO Bup PBO Bup

.5±0.9 7.1±1.4 7.2±0.9 2.7±1.4 7.7±0.9

.0±0.6 5.1±0.9 4.1±0.6 3.6±0.9 4.2±0.6

.3±0.5 3.6±0.9 4.7±0.6 1.6±0.8 3.3±0.5

.6±3.3 25.4±5.0 18.9±3.6 17.0±4.4 21.4±3.3

.2±14.1 −0.35±26.0 −16.8±19.0 15.1±19.3 0.5±14.1



Fig. 5. Plasma cortisol concentrations (mean±SE) in subjects receiving placebo (panel A) or bupropion (panel B) during laboratory sessions conducted prior to and 3
days after subjects quit smoking. R=resting; S=during speech, S+15=15 min after speech task, M=math, M+15=15 min after math task, C+5=5 min after cold
pressor task; C+30=30 min after cold pressor test.
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laboratory than during the first laboratory session [F(1,550)=
25.53, p<0.0001], increasing by 0.23 over the course of the
first laboratory but by 3.23 over the course of the second
laboratory. In those receiving placebo, cortisol concentrations
were similar during both laboratory sessions. In those
receiving bupropion, however, a separation occurs after the
fifth blood draw (the blood draw that occurs 15 min after the
math stressor). At this blood draw there was no difference in
average cortisol concentrations between laboratory sessions in
those taking placebo (6.64 vs. 6.34μg/dl), however in those
taking bupropion, cortisol concentrations were significantly
higher during the second laboratory session (10.80 vs. 8.30μg/
dl; p<0.007). Similar results were found for the last 2 blood
draws (Fig. 5).

4. Discussion

This study demonstrated that approximately three days after
smoking cessation, physiological measures of stress response
are attenuated in untreated smokers but unchanged in smokers
receiving bupropion. Similarly, response to stress was lower in
some measures among those receiving placebo and not changed
in those taking bupropion.

There are conflicting data regarding the effect of high stress
reactivity or increased HPA axis activity on smoking absti-
nence. Some investigations have found that smokers with
exaggerated responses to stressors are more likely to relapse
after a cessation attempt (Abrams et al., 1987, 1988; Brown et
al., 2002; Emmons et al., 1989; Niaura et al., 1989; Swan et al.,
1993) whereas others have found the opposite to be true
(al'Absi et al., 2004, 2005). These conflicting results could
potentially be explained by the time-frame (relative to smoking
cessation) during which stress reactivity was assessed. Studies
assessing reactivity during the pre-cessation period have
generally shown that lower responses are associated with
lower relapse rates, whereas the study assessing stress response
during the acute withdrawal period suggested that lower
responses were associated with higher relapse rates. Further
research is needed to determine if relapse is associated with
greater changes in stress response (i.e., indicating greater
physiological perturbations following smoking cessation) rather
than the absolute level of the stress response at one time-point.
If this were found to be true, it would be consistent with our
findings that bupropion maintains physiological measures at
pre-cessation levels and its known effects in increasing quit
rates although this is speculative at this time and requires further
study.

The stress reduction counseling in this study did not confer
additional effects on the physiological measures assessed
beyond those seen with bupropion alone. Other studies have
found differential physiological effects between counseling and
antidepressant pharmacotherapy. A study of patients with
coronary artery disease found that although SSRI antidepres-
sants seemed to improve cardiac outcomes, no improvements
were observed in patients treated with cognitive behavioral
therapy. This was despite the effectiveness of the counseling in
reducing symptoms of depression and enhancing perceived
social support (Berkman et al., 2003; Taylor et al., 2005). This
suggests that subjective measures of depression or stress may
not correlate well with physiological changes. However more
research is needed to clarify this relationship. Nonetheless, the
benefit of smoking cessation counseling in increasing quit rates
has been clearly established (Fiore et al., 2000). It should be
emphasized that this study was not designed to assess the effects
of stress reduction counseling on smoking cessation, rather the
effects of stress reduction on physiological measures. It is
possible that the intensity of brief counseling or the amount of
time spent practicing the skills learned was not sufficient to
effect physiological changes. Changes to the counseling
protocol (i.e., content, number or duration of sessions) may
have yielded different results. These are all areas for future
investigation.

Our finding that physiological measures of stress response
are attenuated after smoking cessation both at rest and during
stress (in those not taking bupropion) adds to existing literature
regarding the effects of abstinence on these measures. Although
it is possible that the attenuation observed is due to habituation,
our data suggesting lower resting values of stress markers is
largely consistent with previously reported data. Data regarding
magnitude of stress response after smoking cessation has been
inconsistent. Tsuda et al. found that after an overnight
abstinence, smokers had reduced resting diastolic blood
pressure and heart rate, but had an enhanced diastolic blood
pressure reactivity compared with those who smoked 30 min
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prior to the assessment (Tsuda et al., 1996). Al'absi in a series of
studies found that 12–18 h of abstinence decreased resting heart
rate, did not alter resting blood pressure, but resulted in a greater
systolic blood pressure response to stress compared to ad lib
smoking (al'Absi et al., 2002, 2003). Ward et al. found that after
2 days of abstinence, resting heart rate decreased but there were
no changes in blood pressure or in measures of cardiovascular
reactivity in response to laboratory challenges (Ward et al.,
1994). Elgerot found that 4 days of abstinence resulted in
decreased concentrations of urinary catecholamine concentra-
tions (Elgerot, 1978). Studies assessing longer-term abstinence
(i.e., 6 weeks to 6 months) have found significant decreases in
epinephrine and cortisol concentrations with no change in blood
pressure or cardiovascular reactivity in response to stressors
(Emmons et al., 1989; Puddey et al., 1984). Our results are
consistent with previous studies demonstrating decreases (at
rest and during stressors) in some physiological measures
associated with stress. It is possible that the largest decreases do
not occur until after the first 48 h of smoking cessation (the time
period during which most previous studies have been
conducted). This could potentially explain why our study
revealed more consistent decreases across measures than
previous investigations. Further research is necessary to better
characterize the time course for these changes.

There has been little data to date regarding the effect of
antidepressants in general or bupropion specifically on the
physiologic response to mental stress. Two small studies
conducted in patients with coronary artery disease suggest that
4 weeks of paroxetine (a selective serotonin reuprake
inhibitor) attenuated blood pressure, heart rate and catechol-
amine response (Golding et al., 2002, 2005). A study
comparing stress response in depressed patients being treated
with paroxetine or bupropion to non-depressed, non-medicated
controls found that those taking either antidepressant generally
had lower response to stress than the controls. However,
differences were observed between agents with bupropion
appearing to have less of an attenuating effect compared to
paroxetine (Straneva-Meuse et al., 2004). Since depression
may alter stress response, interpretation of this finding is
difficult (Light et al., 1998; Sheffield et al., 1998). In the
present study, bupropion (relative to placebo) increased resting
and stress-induced levels of physiological parameters associ-
ated with stress during the nicotine withdrawal period.
Additionally, bupropion resulted in a significantly greater
diastolic blood pressure response during the speech stressor
and a significantly greater systolic blood pressure response
and a trend toward a greater diastolic blood pressure response
during the math task. Bupropion has been reported to be a
weak central nervous system stimulant and to share a similar
discriminative stimulus effect with nicotine (Rush et al., 1998;
Young and Glennon, 2002). Bupropion may therefore have
been substituting for some of nicotine's pharmacological
effects, thereby resulting in a similar pattern of stress response
after nicotine discontinuation. This study however does not
directly address whether the effects observed are direct effects
of bupropion or if these effects were secondary to bupropion's
effect on some other aspect of the nicotine withdrawal
syndrome (e.g. decreasing withdrawal symptoms or cue-
induced craving may have independent effects on physiolog-
ical measures of stress). Future studies using non-depressed,
non-smokers would help resolve this issue. An additional
future area for study is determining if these stimulatory effects
of bupropion occur only during the nicotine withdrawal period
or are maintained beyond this timeframe.

In this study both mental stressors resulted in a physiological
response, however between the two mental stressors (i.e. speech
and math), a larger response was generally elicited during the
speech task relative to the math task. Since the order of tasks
was maintained among all subjects, it is not clear whether this
difference is a result of the speech being a more stressful task or
whether the results were due to an order effect. Consistent with
previous reports, epinephrine response was more robust to the
mental stressors whereas norepinephrine response was stronger
to the physical stressor (Dimsdale and Moss, 1980). Bupro-
pion's differential effect on epinephrine and norepinephrine
concentrations observed in this study is consistent with a study
in which epinephrine concentrations were increased and
norepinephrine decreased subsequent to the administration of
desipramine administration, also an antidepressant that blocks
the reuptake of norepinephrine (Eisenhofer et al., 1995). The
mechanism for this is not clear.

There are several limitations to this study that must be
considered when evaluating the data. The lack of a non-
smoking control makes it difficult to determine weather the
decreases in physiological measures seen in the placebo group
were a result of nicotine withdrawal or habituation to the
stressor. Nonetheless, the bupropion group did not demonstrate
such a decrease suggesting that relative to placebo, bupropion
caused an increase in measures of these physiological
parameters. The lack of a same day control makes it difficult
to separate daily variations in physiological effects from the
effect of medication, however all subjects were tested during the
same time of day to minimize any circadian variations. Since a
counseling alone group was not included in this study, it is
possible that stress reduction counseling has some independent
effects on physiological markers of stress but that they are small
relative to bupropion or that a ceiling effect is observed after
bupropion administration such that no additional changes are
observed after the addition of counseling. Nonetheless, this
study suggests that adding brief stress reduction counseling to
bupropion does not result in significant additional changes in
physiological markers of stress.

In conclusion, this study demonstrates that laboratory
methods are useful in determining medication induced changes
in physiological measures of stress response. During the acute
nicotine withdrawal period, we found that physiological
measures of stress are attenuated in untreated smokers but
remain largely the same in smokers treated with bupropion.
These findings suggest that bupropion may be substituting for
some of nicotine's physiological effects during the withdrawal
period thus maintaining these physiological measures during
this timeframe. It is unknown if maintenance of these measures
account (at least in part) for bupropion's efficacy as an aid to
smoking cessation.
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