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Abstract — Aims: The effect of transdermal nicotine on stress reactivity was investigated in currently smoking, detoxified, sub-
stance-dependent individuals (65% alcohol dependent, n = 51; 31 male) following a psychosocial stressor. Methods: Using a ran-
domized, double-blind, placebo-controlled design, subjects were assigned to receive either active transdermal nicotine (low or high
dose) or placebo. Six hours following nicotine administration, subjects performed a laboratory psychosocial stressor consisting of
two 4-min public-speaking sessions. Results: Consistent with prior reports, substance-dependent individuals displayed a blunted
stress response. However, a review of the cortisol distribution data encouraged additional analyses. Notably, a significant minority of
the substance-dependent individuals (33%) demonstrated elevated poststress cortisol levels. This group of responders was more
likely to be alcohol dependent and to have received the high dose of nicotine [χ2(2) = 32, P < 0.0001], [χ2(2) = 18.66, P < 0.0001].
Differences in salivary cortisol responses between responders and nonresponders could not be accounted for by the length of sobri-
ety, nicotine withdrawal levels, anxiety or depressive symptomatology at the time of the psychosocial stressor. Conclusion: These
results suggest that nicotine administration may support a normalization of the salivary cortisol response following psychosocial
stress in subgroups of substance-dependent individuals, particularly those who are alcohol dependent. Given the association between
blunted cortisol levels and relapse, and the complex actions of nicotine at central and peripheral sites, these findings support the sys-
tematic study of factors including nicotine, which may influence stress reactivity and the recovery process in alcohol-dependent
individuals.

INTRODUCTION

Stress system dysregulation is one of the hallmark features of
alcohol-dependent individuals (Lovallo, 2006). This dysregu-
lation persists well into recovery following acute stress
(Harris et al., 2005; Lovallo et al., 2000; Sinha et al., 2009),
even though diurnal rhythmicity normalizes relatively early
in recovery (Adinoff et al., 1998; Keedwell et al., 2001;
Lovallo, 2006). The stress system dysregulation is character-
ized in part by peripheral markers of the stress system, corti-
sol and corticotropin, which are blunted following
psychosocial stressors (Harris et al., 2005; Lovallo et al.,
2000). Unique to psychosocial stress protocols is the capa-
bility to assess stress system function in an everyday,
nondrug context. This approach differs from stress elicitation
techniques that use drug imagery cues and are associated
with heightened stress responses (Sinha et al., 2006).
Understanding the factors that influence the stress response
following psychosocial stressors may be critical to improving
the recovery process characterized by psychosocial adap-
tation within a drug- and alcohol-free context.
Stress responsivity is known to be influenced by a host of

individual variables including psychiatric disorders, age, per-
sonality traits, prior life experiences and genetics (Kudielka
et al., 2009; Pruessner et al., 1997; Wust et al., 2004). Thus
far, the addiction literature has focused primarily on group
differences between community controls versus treatment-
seeking individuals with limited attention to within group
variability or potential sources of this variability (but Harris
et al., 2005; Junghanns et al., 2003, 2005; Kudielka et al.,
2009; Sinha et al., 2006). A particularly pertinent variable,
given its comorbid use in treatment-seeking substance
abusers and its reported effect on the stress response is the
impact of nicotine use, generally in the form of cigarette

smoking. Interestingly, despite a reduction in the number of
smokers in the general population, current estimates suggest
that ~80% of treatment-seeking alcoholics are chronic
smokers (Ceballos, 2006a; Littleton, et al., 2007).
The effects of nicotine administration on stress system

responsivity are well characterized in community controls.
Acute exposure to nicotine via smoking causes an immediate
spike (within minutes) in cortisol and corticotropin levels
even in habitual smokers (Ceballos and al’Absi 2006b;
Kirschbaum et al., 1992; Mendelson et al., 2005; Pomerleau
et al., 1983; Wilkins et al., 1982). These levels return to
baseline within 2 h (Winternitz and Quillen, 1977; Wilkins
et al., 1982). However, similar data are lacking for substance-
dependent individuals, excluding a small study of alcoholics
(Coiro and Vescovi, 1999). The findings of Coiro and
Vescovi (1999) are inconclusive, given the small sample size
and route of nicotine administration (cigarette smoking). The
limitations of the existing literature concerning individual
factors related to stress system reactivity such as nicotine
use, and the importance of stress system responsivity to the
recovery process provide the rationale for the current study.
To address the question regarding the effects of nicotine

on stress reactivity, salivary cortisol, cardiovascular and sub-
jective measures were assessed in inpatient treatment-seeking
individuals, the majority of whom met alcohol dependence
criteria (65%), following a psychosocial stressor. Given the
previous literature showing, a blunted cortisol response in
these treatment-seeking populations (Adinoff et al., 2005a,
2005b; Contoreggi et al., 2003), and suggestions that nicotine
elevates cortisol levels (Ceballos and al’Absi 2006b;
Kirschbaum et al., 1992; Mendelson et al., 2005; Pomerleau
et al., 1983; Wilkins et al., 1982), we hypothesized that sub-
jects who received nicotine would demonstrate normalized
stress reactivity following the stressor (greater self-reported
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negative affect and salivary cortisol levels) when compared
with placebo. This hypothesis at first appears counter-
intuitive, given that smokers who receive the placebo patch
are presumed to be in nicotine withdrawal, which increases
cortisol levels in community controls (al’Absi, 2006).
However, the question of interest addressed stress responsiv-
ity following a psychosocial stressor; that is, how stress reac-
tivity changes over time in subjects who receive nicotine
versus those who receive placebo. Thus, given the lack of a
guiding literature, our hypothesis that nicotine would normal-
ize the stress response (i.e. provide a greater salivary cortisol
response) in substance-dependent individuals when com-
pared with placebo, was examined.

METHOD

Subjects

Subjects were treatment-seeking, substance-dependent indi-
viduals recruited from inpatient drug and alcohol treatment
facilities (ages 25–59, n = 51; 31 male). They had a
minimum of 10 years of education and were between 21–60
days sober. Substance-dependent individuals met diagnostic
and statistical manual of mental disorders-IV (DSM-IV) cri-
teria (APA, 1994) for current alcohol (ALC; n = 15,
29.41%), stimulant (STIM; n = 17, 33.33%) or alcohol and
stimulant (ALC/STIM; n = 19, 37.25%) dependence.
Subjects listed their race as white (67%) or black (33%). All
subjects met criteria for current DSM-IV nicotine depen-
dence. Nicotine-dependent community controls (n = 7; 4
male) were included as a comparison group on follow-up
analyses (see Data analysis for detail). Women who were
pregnant or breast feeding as determined by self-report and
urine analysis at the time of testing were not allowed to par-
ticipate in the study. All procedures were approved by the
University of Florida Medical Institutional Review Board,
and subjects gave written informed consent for screening and
laboratory procedures.
Subjects were screened for neurological, psychiatric or

medical disorders, which could interfere with the study pro-
tocol. Exclusionary criteria included: lifetime history of
schizophrenic disorders, bipolar disorder, current major
depressive disorder, current posttraumatic stress disorder
(PTSD) or current panic disorders. Due to the high preva-
lence of anxiety disorders (excluding panic disorder and
PTSD), childhood conduct disorder, or antisocial personality
disorder in substance using/ abusing populations (Bucholz
et al., 2000), persons who were positive for lifetime diag-
noses of these disorders were not excluded from the study.
Persons with other serious medical conditions not limited to
serious head injury, prolonged unconsciousness, epilepsy,
hypertension, liver cirrhosis, hepatitis C or HIV were
excluded.

Screening procedures

Subjects completed a multi-tiered screening protocol and
were compensated for their time. The packet administered
during the screening phase consisted of depression (Beck
Depression Inventory (BDI)-II; Beck et al., 1996) and state
anxiety (State Anxiety Inventory (STAI); Spielberger, 1983)
inventories, measurement of abstracting and verbal skills

(Zachary, 1986), a four-generation family tree of alcohol, nic-
otine and drug use/ abuse (adapted from Mann et al., 1985)
and a detailed history of marijuana, alcohol, nicotine and
other drug use. Subjects continuing to meet study inclusion
criteria were scheduled for medical and psychiatric inter-
views. During the medical interview, subjects were asked
questions about their medical history and current prescrip-
tions. Blood pressure and expired carbon monoxide (CO)
were also measured to establish baseline levels. Psychiatric
history was also assessed using the computerized National
Institute of Mental Health Diagnostic Interview Schedule for
the DSM-IV (APA, 1994; Robins et al., 1995). Subjects
meeting study eligibility criteria were scheduled for the lab-
oratory study day.

Laboratory study

Subjects were instructed to refrain from smoking overnight
prior to the study. Before arriving the laboratory (7 a.m.), all
subjects provided a CO breath analysis (Vitalograph® Inc.,
Lenexa, KS, USA). Smoking abstinence was confirmed with
CO levels of 12 p.p.m. or less, or a reading of 50% of
screening baseline. Measures of depression (BDI-II; Beck
et al., 1996), state anxiety (STAI; Spielberger, 1983) and nic-
otine withdrawal symptoms checklist (WSC; Hughes and
Hatsukami, 1986) were also completed prior to transdermal
patch administration. Subjects provided breath samples
(Intoxilyzer® Model 400, CMI Inc., Owensboro, KY, USA)
to confirm alcohol sobriety and urine samples (OnTrak
TestCup 5®, Varian Inc., Cary, NC, USA) to confirm drug
sobriety from tetrahydrocannabinol, cocaine, benzo-
diazepines, morphine and methamphetamine. Following
transdermal patch administration (~7:30 a.m.), the laboratory
study day involved assessment of pre- and poststress
measures including subjective reports (self-reported positive
and negative affect, anxiety and nicotine withdrawal symp-
toms), cardiovascular measures (blood pressure, heart rate)
and salivary cortisol levels. Smoking measures were also
evaluated ((Fagerström Test for Nicotine Dependence
(FTND); Heatherton et al., 1991), (Smoking Consequences
Questionnaire (SCQ); Copeland et al., 1995)).

Transdermal nicotine patch administration

Transdermal patches were randomly assigned and consisted
of either placebo, or nicotine (low dose (7 mg), or high dose
(14 mg for women, 21 mg for men) (Equate®)). Previous
experience in our laboratory showed that female subjects
experienced intolerance to the 21 mg patch (extreme nausea
and other side-effects), thus differential dosing was employed
for men and women following discussion with the local
Institutional Review Board (Nixon et al., 2007).
To maintain the double-blind design, placebo patches

matched the size and shape of active patches. All patches
were placed on the upper left shoulder by a research assistant
not participating in laboratory testing. The psychosocial
stressor, a part of a larger battery, occurred about 6 h after
the nicotine patch was placed. However, nicotine levels
stabilize within 1.5 h following patch administration
(Gorsline et al., 1993). Following laboratory study com-
pletion, subjects were fully debriefed as to which transdermal
patch they had received as well as the nuances of the psycho-
social stress protocol described below.
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Laboratory psychosocial stress protocol

Subjects completed a psychosocial stress protocol consisting
of two 4-minute speeches (al’Absi et al., 1997). For each
speech, subjects were informed of their topic and allowed 4
min of preparation time in room A. Following the prep-
aration time, subjects were escorted by laboratory personnel
into room B. Laboratory personnel were unknown to the
subject, of opposite gender and wore white coats. Laboratory
personnel listened to and rated the subjects’ speech.
Laboratory personnel were instructed to maintain an expres-
sionless demeanor in all interactions with the subject includ-
ing while rating the subject’s speech. A video camera was
used to simulate recording of the subject’s performance, and
a timer, set on the table in front of the subject, measured the
4 min. Subjects who finished speaking prior to 4 min were
told by the laboratory personnel that there was time remain-
ing and to please continue. The subjects were told that their
speech would be rated for how ‘convincing, organized,
articulate and enthusiastic’ they were during the speech
(al’Absi et al., 1997) and that they would be financially com-
pensated based on their rating. The speeches consisted of the
hypothetical defense of two crimes (a) committing a hit and
run accident and (b) shoplifting (al’Absi et al., 2003). The
psychosocial stress manipulation, including transition time,
took 20 min to complete.
Following the stress manipulation, subjects were debriefed

regarding the sham video recording. Subjects were told that
they were not taped and that the purpose of the deception
was to activate their stress system. Subjects were also offered
an opportunity to view the videocassette recorder tape deck
to ensure no recording was made. All subjects received the
financial bonus.

Subjective reports

Baseline measurements of nicotine withdrawal and anxiety
were assessed by the WSC (Hughes and Hatsukami, 1986)
and the STAI (Spielberger, 1983) prior to the psychosocial
stress manipulation to ensure that groups were equated for
nicotine withdrawal and anxiety symptoms. Self-reported
positive and negative affect were also assessed at baseline
(−10 min), after delivery of each speech (+10 and +20 min)
and at the end of the testing day following 30 min of relax-
ation (+60 min) (al’Absi et al., 2003). Positive affect items
included cheerfulness, contentment, calmness, controllability
and interest. Negative affect items included anxiety, irritabil-
ity, impatience and restlessness. Items were assessed using a
seven-point Likert scale (Not at All (0) to Very Strong (7)).

Smoking Characteristics

The FTND (Heatherton et al., 1991) and the SCQ (Copeland
et al., 1995) are two widely used pencil/paper measures in
nicotine research. The FTND measures nicotine dependence
severity using items such as number of cigarettes smoked
per day, and latency between waking up and smoking
(Heatherton et al., 1991). The SCQ measures smoking
expectancies, organizing items into 10 different subscales
including craving/addiction and negative affect reduction
(Copeland et al., 1995).

Cardiovascular measures

A ReliOn® blood pressure monitor (Omron Healthcare, Inc.
Bannockburn, IL, USA) was used to assess blood pressure
and heart rate at baseline (−10 min), after delivery of each
speech (+10 and +20 min) and at the end of the testing day
following 30 min of relaxation (+60 min).

Saliva collection

Four saliva samples were taken across the laboratory study
day. Thus, saliva samples were taken to: measure cortisol
prior to (a) transdermal nicotine patch administration follow-
ing 30 min of relaxation (~7:30 a.m.), (b) following lunch
(baseline; −10 min from stress onset), (c) after speech deliv-
ery (+20 min from stress onset) and (d) at the conclusion of
the testing day following 30 min of relaxation (+60 min from
stress onset). The stressor was administered at ~1:00 p.m., 2
h following lunch. Saliva collection at these time points was
used in prior studies of substance-dependent individuals and
is sensitive to stress system response changes (Lovallo et al.,
2000). Although psychosocial stress protocols are typically
administered in the morning, Kudielka and colleagues
reported that sufficiency elevated salivary cortisol levels
could be detected following either morning or afternoon
administration of the Trier Social Stress Test, which includes
a public-speaking component similar to the current protocol
(Kudielka et al., 2004, 2009). Because the stress system is
sensitive to metabolic changes, lunch, controlled for sugar,
fat and calories (Healthy Choice Meals™), was provided.
Saliva was collected using a commercially available kit con-
taining an oral swab (Salimetrics, LLC). Following saliva
collection, samples were placed on ice. Samples were centri-
fuged for 10 min at 3000 r.p.m. and aliquots were pipetted
and frozen at −70°C. The concentration of cortisol in saliva
was determined by liquid chromatography tandem mass
spectrometry using positive electrospray ionization in the
selected reaction monitoring mode. The liquid chromato-
graphy, tandem mass spectrometry system consisted of a
Surveyor HPLC autosampler, Surveyor MS quaternary pump
and a TSQ Quantum Discovery triple quadrupole mass spec-
trometer (ThermoFinnigan, San Jose, CA, USA).

Data analysis

Statistical analyses were completed using SAS Version 9.1
(SAS Institute, 2006).
Data analyses were designed to address the questions of

interest concerning gender and nicotine effects on stress
responsivity. Gender was retained as a grouping variable due
to potential differences in stress reactivity (Kudielka and
Kirschbaum, 2005) and response to transdermal nicotine
(Perkins, 1996). Demographic data were assessed by a three
transdermal patch (placebo, low dose and high dose) by two
gender (male, female) analysis of variance (ANOVA).
Baseline and stress reactivity data including subjective report,
salivary cortisol and cardiovascular measures were analyzed
by a three transdermal patch (placebo, low dose and high
dose) by two gender (male, female) ANOVAs. Additionally,
to assess change across time, stress reactivity data including
subjective report and cardiovascular measures were analyzed
by a three transdermal patch (placebo, low dose and high
dose) by two gender (male, female) repeated measures
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ANOVA for −10, +10, +20 and +60 min time points. Salivary
cortisol data were log transformed to achieve normality and
subjected to a three transdermal patch (placebo, low dose and
high dose) by two gender (male, female) repeated measures
ANOVA for the −10, +20 and +60 min time points. As initial
analyses indicated that subgroup differences were not signifi-
cant, data were collapsed across substance-dependent sub-
group. However, for comparison, significance values from
critical analyses are presented in text.
Because analyses showed variability in the salivary corti-

sol level response to the psychosocial stressor (Fig. 2), a
follow-up analysis was conducted to separate subjects who
responded to the psychosocial stressor from those who were
nonresponsive (Buchanan, 2006; Buchanan and Tranel,
2008; Pruessner et al., 1997; Wust et al., 2000; Schoofs and
Wolf, 2009). This data analysis technique is used more com-
monly in community controls, as though it was applied to
one study in substance-dependent individuals (Sinha et al.,
2006). Four groups were defined according to the following
rules: (a) ‘Normal’ response: −10 < +20 > +60; (b) No
response: −10 > +20 > +60; (c) Late response −10 > +20 <
+60; and (d) No return to baseline −10 < +20 < +60. A multi-
variate ANOVA (MANOVA) was used to demonstrate that
the four profile groups created described statistically distinct
patterns (see Results). A comparison group of smoking

community controls all of whom received nicotine was also
included as part of the profile analysis (n = 7). Using the
same rules stated above, all subjects in the control group
were identified as ‘normal’ responders. The controls were
originally included to ensure that the psychosocial stressor
was effective.
For all ANOVA analyses, simple effects analyses were

used to determine significant differences when they occurred.
Type III Sum of Squares F statistics are reported to account
for unequal sample sizes. Differences in degrees of freedom
indicate missing data.

RESULTS

Demographics

Demographic and tobacco-smoking characteristics for trans-
dermal patch dose and gender are presented for substance-
dependent individuals in Tables 1 and 2. Results showed that
transdermal patch groups were equated on age, years of edu-
cation and verbal and abstracting ages for men and women.
Analyses also showed that substance-dependent subgroups
did not differ in demographic characteristics (P > 0.28),
except the quantity and frequency of alcohol use, as expected
(P < 0.001). However, depressive symptoms assessed prior to

Table 1. Demographic characteristics of substance-dependent individuals by nicotine dose and gender

Placebo Low dose High dose

Male Female Male Female Male Female
Variable (n = 9) (n = 6) (n = 11) (n = 5) (n = 11) (n = 9)

Age (years) 39.89 (8.36) 38.00 (11.05) 41.64 (8.95) 42.60 (8.91) 35.91 (6.52) 38.00 (7.57)
Education (years) 11.44 (1.01) 12.83 (1.47) 12.64 (2.38) 13.00 (2.45) 12.55 (1.58) 13.11 (1.90)
Depression symptoms (test)a 3.38 (2.77) 8.00 (10.06) 10.55 (5.20) 15.80 (6.14) 7.73 (4.43) 6.78 (6.36)
Anxiety symptoms (prior to task)b 43.00 (6.41) 49.00 (3.52) 51.91 (6.59) 55.80 (10.76) 51.00 (7.99) 49.00 (7.63)
Verbal age 15.26 (0.82) 16.57 (2.35) 19.83 (6.88) 16.42 (2.03) 16.73 (2.11) 16.11 (1.59)
Abstraction age 13.48 (1.97) 14.47 (2.19) 14.77 (2.82) 14.14 (1.96) 15.39 (1.79) 15.38 (2.56)
Quantity frequency index (alcohol) 8.81 (9.88) 3.12 (5.02) 10.42 (8.40) 9.23 (4.74) 9.26 (6.78) 9.61 (9.24)
Sobriety (days) 51.00 (22.28) 35.83 (17.97) 37.45 (13.29) 26.00 (5.10) 37.63 (15.53) 42.89 (14.84)

All values are mean (SD).
Depression symptoms, Beck Depression Inventory (Beck et al., 1996); Anxiety symptoms, Spielberger State Anxiety Inventory (Spielberger, 1983); Verbal
and abstracting age, Shipley Institute of Living Scale (SILS-V, SILS-A: Zachary, 1986); Quantity frequency index (QFI; Cahalan, 1969).
aDifferences between low dose and other groups significant [F(2,44) = 6.44, P = 0.004].
bDifferences between placebo and low dose significant [F(2,47) = 3.96, P = 0.03].

Table 2. Tobacco smoking characteristics of substance dependent individuals by nicotine dose

Placebo Low dose High dose

Male Female Male Female Male Female
Variable (n = 9) (n = 6) (n = 11) (n = 5) (n = 11) (n = 9)

Smoking Chronicity (years) 24.11 (9.08) 20.00 (12.41) 24.18 (11.45) 22.60 (7.50) 19.82 (6.56) 22.00 (9.30)
Average cigarettes (per day) 18.56 (9.36) 17.00 (11.92) 19.09 (5.84) 21.60 (13.52) 17.55 (4.48) 17.33 (8.53)
Carbon monoxide (screen) 17.44 (7.11) 13.33 (8.73) 21.36 (10.13) 21.20 (15.74) 18.18 (6.69) 22.89 (10.55)
Carbon monoxide (test) 8.22 (2.99) 6.33 (3.50) 9.30 (3.74) 7.00 (3.61) 8.91 (3.05) 9.33 (5.48)
Fagerström (total score) 3.44 (2.60) 4.67 (1.21) 5.00 (1.73) 4.50 (2.38) 4.18 (1.72) 4.44 (2.24)
Smoking consequences (total score) 43.82 (14.65) 43.19 (9.28) 52.59 (11.82) 47.39 (2.57) 45.43 (8.20) 52.70 (9.86)
Withdrawal symptoms (prior to task) 5.11 (3.66) 3.33 (2.25) 7.55 (5.30) 6.75 (4.11) 5.55 (2.94) 4.78 (4.27)

All values are mean (SD).
Fagerström, Fagerström Test for Nicotine Dependence (Heatherton et al., 1991); Smoking consequences, Smoking Consequences Questionnaire (Copeland
et al., 1995); Withdrawal symptoms, Withdrawal Symptoms Checklist (Hughes and Hatsukami, 1986).
*Differences between doses nonsignificant.
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patch application on the laboratory study day were different
between transdermal patch groups ([F(2,44) = 6.44, P =
0.004]. For depressive symptoms, posthoc tests showed that
individuals in the low-dose group had higher scores than the
other groups (P < 0.05). Importantly, depressive symptoms
did not correlate with salivary cortisol levels at any time
point assessed (P > 0.19), and scores were in the mild, non-
clinically significant range (Beck et al., 1996). Depressive
symptoms also differed between substance-dependent sub-
groups ([F(2,41) = 8.00, P < 0.001]. Posthoc analyses showed
that ALCs had greater depressive symptomatology than all
other substance-dependent subgroups (P’s < 0.05).
Transdermal patch groups and substance-dependent sub-
groups were similar in all smoking characteristics assessed
including smoking chronicity, number of cigarettes smoked
per day, baseline CO readings and nicotine dependence (as
measured by the FTND; P > 0.13).

Baseline measures

Subjective reports

Baseline (−10 min) measures of self-reported positive and
negative affect, nicotine withdrawal symptoms and anxiety
were assessed for transdermal patch (placebo, low dose or
high dose), Gender or the Transdermal patch × Gender inter-
action. These results showed that measures of baseline posi-
tive and negative affect did not differ by transdermal patch,
Gender or the Gender × Transdermal interaction (P’s > 0.13).
Similarly, nicotine withdrawal baseline scores also did not
differ by transdermal patch, Gender or the Gender ×
Transdermal interaction (P > 0.10). However, subjects who
received the low dose reported greater baseline anxiety
symptoms when compared with those who received placebo
(transdermal patch [F(2,44) = 3.96, P = 0.03]), posthoc tests
(P < 0.05). Baseline anxiety symptoms for those who
received the high dose did not differ from placebo (P > 0.05;
see Table 1 for the means). Baseline measures of self-
reported positive and negative affect, nicotine withdrawal
symptoms and anxious or depressive symptomatology did
not correlate with baseline or poststress salivary cortisol
levels (P’s > 0.09).

Salivary cortisol

Following randomized transdermal patch administration
(placebo, low dose or high dose), baseline salivary cortisol
levels were assessed in subjects for Transdermal patch,
Gender and the Gender × Transdermal patch interaction
effects. Results showed that log transformed baseline cortisol
levels did not differ by Transdermal patch (P > 0.22), Gender
(P > 0.96) or the interaction of Transdermal patch × Gender
(P > 0.97).

Cardiovascular measures

Following randomized transdermal patch administration
(placebo, low dose or high dose), baseline cardiovascular
measures (systolic and diastolic blood pressure, heart rate)
were assessed in subjects for Transdermal patch, Gender or
the Transdermal patch × Gender interaction. A main effect of
gender was noted for systolic blood pressure (gender [F
(1,51) = 9.63, P = 0.003]), where male subjects had signifi-
cantly higher values than female subjects. Diastolic blood

pressure or heart rate was not significant for Transdermal
patch, Gender or the Transdermal patch × Gender interaction
in subjects (P > 0.10).

Stress responsivity

Subjective reports

Measures of self-reported positive and negative affect were
assessed following each speech topic (+10, +20 min.), and
the conclusion of the testing day following 30 min of relax-
ation (+60 min). Separate ANOVAs for the +10 and +20 min
time points were used to assess differences in subjective
reporting for transdermal patch (placebo, low dose or high
dose), Gender or the Transdermal patch × Gender interaction.
For positive affect, results showed an effect of the transder-
mal patch for both the +10 and +20 min time points
([F(2,36) = 6.73, P = 0.003]; [F(2,39) = 4.39, P = 0.019];
Fig. 1A). Posthoc tests showed that those in the placebo
group had greater positive affect at the +10 and +20 min
time points than either group that received nicotine ([F(1,25)
= 13.29, P = 0.001]; [F(1,27) = 4.26, P = 0.049]; [F(1,23) =
4.74, P = 0.040]; [F(1,26) = 9.29, P = 0.005]). Further, paired
t-tests conducted for each transdermal patch separately
showed that while those who received the high dose of nic-
otine had significant changes from baseline for both the +10
and +20 min time points demonstrating less positive affect
([t(18) = 3.74, P = 0.002]; [t(18) = 2.04, P = 0.05]), those
who received the low dose or placebo did not show a change
from baseline following the psychosocial stressor (P > 0.25).
Further, the transdermal patch × Gender interaction at the
+10 min time point was at a trend level [F(2,36) = 2.96, P =
0.065] and posthoc analyses showed that the men carried
this effect [F(2,29) = 5.16, P = 0.01, follow-up P’s < 0.05].
For negative affect, results also showed an effect of the

transdermal patch at the +20 min time point ([F(2,39) = 5.05,
P = 0.011]), with posthoc tests showing that those in the
low-dose group had greater negative affect than all other
groups [F(1,31) = 5.84, P = 0.020]; [F(1,26) = 4.11, P =
0.050; Fig. 1B). Further, paired t-tests conducted for each
transdermal patch separately showed that while those who
received nicotine had significant changes from baseline for
both the +10 and +20 min time points demonstrating greater
negative affect (low dose [t(17) = 2.89, P = 0.01]; [t(18) =
2.86, P = 0.01]; high dose [t(19) = 3.11, P = 0.006]; [t(18) =
2.60, P = 0.01]), those who received placebo did not show
a change from baseline following the psychosocial stressor
(P > 0.71). The Gender Transdermal patch × Gender inter-
actions were nonsignificant (P > 0.10).
To assess change over time, positive and negative affect

were compared across baseline (−10 min.), and +10, +20 and
+60 time points. Consistent within task objectives, the
repeated measures ANOVA revealed that positive and negative
affect changed over time ([F(3,87) = 2.90, P = 0.040];
[F(3,87) = 3.65, P = 0.021]) with subjects reporting more posi-
tive and fewer negative responses at the baseline (−10 min)
than at the +10 and +20 time points, respectively (Positive
[t(39) = 2.37, P = 0.022]; [t(41) = 2.39, P = 0.022]) (Negative
[t(39) = −3.35, P = 0.0018]; [t(41) = −4.26, P = 0.0001]).
Nicotine withdrawal symptoms were assessed at the +60

time point and did not differ between transdermal patch
doses [F(2,47) = 1.22, P = 0.31]. Anxiety symptoms were not
measured at this time point.
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Salivary cortisol

Salivary cortisol levels were assessed following the psycho-
social stressor (+20 min.) and the conclusion of the testing
day following 30 min of relaxation (+60 min). Log trans-
formed data subjected to repeated measures ANOVA did not
differ across time by Gender, Transdermal patch or the
Gender × Transdermal patch interaction (P > 0.184). A com-
parison of the salivary cortisol levels in individuals who
received the high dose and placebo was conducted at the
+20 min time point. This analysis was at a trend level [t(30),
= −1.81, P = 0.08], with salivary cortisol levels slightly
higher in the high-dose group than in the placebo group
(Fig. 2). Similar data analysis techniques produced

nonsignificant findings for the Gender and Gender ×
Transdermal patch interactions (P > 0.21). To assess change
over time, salivary cortisol levels were compared across
baseline (−10 min.), and +20 and +60 time points. Overall,
these analyses revealed that salivary cortisol levels did not
change over time, demonstrating the blunted salivary cortisol
effect [F(2,84) = 0.32, P = 0.73].
Analyses were also conducted to assess differences in sali-

vary cortisol levels between substance-dependent subgroups
and potential interaction with the transdermal patch follow-
ing the psychosocial stressor (+20 min.), and the conclusion
of the testing day following 30 min of relaxation (+60 min).
Comparisons were conducted with a repeated measures

Fig. 1. (A) Self-reported positive affect following the psychosocial stressor in substance-dependent individuals. Participants who received the placebo
transdermal patch reported greater positive affect at the +10 and +20 min time points than either group that received nicotine (P < 0.049). (B) Self-reported
negative affect following the psychosocial stressor in substance-dependent individuals. Participants who received the low dose of the transdermal nicotine

patch reported greater negative affect at the +20 min time point than all other transdermal groups (P < 0.05).
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ANOVA. Analyses showed that salivary cortisol levels did
not differ across time by Substance-Dependent Subgroup,
Transdermal patch or the Substance-Dependent Subgroup ×
Transdermal patch interaction (P’s > 0.112). Additionally, a
comparison of the salivary cortisol levels in individuals who
received the high dose and placebo was conducted at the
+20 min time point to assess the Substance-Dependent
Subgroup × Transdermal patch interaction which was non-
significant (P > 0.54).

Cardiovascular measures

Diastolic blood pressure and heart rate were assessed follow-
ing both speech topics (+10, +20 min.), and the conclusion
of the testing day following 30 min of relaxation (+60 min).
To assess change over time, cardiovascular measures were
compared at baseline (−10 min), +10, +20 and +60 time
points. These analyses showed that systolic blood pressure
changed over time [F(3,111) = 17.94, P < 0.0001].
Subsequent analyses showed that systolic blood pressure was
higher following both the first and second speeches for all
subjects than at baseline (−10 min) or at the conclusion of
the testing day (+60 min) ([t(46) = −6.15, P < 0.0001; t(47)
= −4.90, P < 0.0001]; t(45) = 4.55, P < 0.0001; t(45) = 4.17,
P < 0.0001]; Fig. 3A).
Diastolic blood pressure also changed over time [F(3,108)

= 9.80, P < 0.0001] with levels being higher following both
the first and second speeches than that at baseline (−10 min.)
and the conclusion of the testing day following 30 min of
relaxation (+60 min) [t(46) = −7.49, P < 0.0001; t(46) =
−4.45, P < 0.0001]; t(44) = 2.67, P < 0.01; t(44) = 2.92, P <
0.005]; Fig. 3B).
For heart rate, repeated measures analyses revealed a sig-

nificant time × transdermal patch interaction [F(6,99) = 3.08,
P = 0.008]. Separate ANOVAs conducted for each time

point revealed that the high dose had higher heart rates
than placebo at baseline (−10 min.), +10 and +20 time points
([F(2,45) = 16.39, P < 0.0001]; [F(2,44) = 13.98, P < 0.0001];
[F(2,45) = 12.29, P < 0.0001]), posthoc tests (P < 0.05).
This difference was nonsignificant at the +60 min. time point
[P > 0.69; Fig. 3C).
A separate ANOVA for the +60 min time point was also

used to assess differences in cardiovascular measures for
transdermal patch (placebo, low dose or high dose), Gender
or the Transdermal patch × Gender interaction. This data
analysis strategy was deemed appropriate due to the obvious
differences in the plotted data following visual inspection at
the +60 min time point. These analyses revealed that men
had higher systolic blood pressure at baseline (see baseline
analyses above) and at the +60 min time point [F(1,42) =
6.96, P = 0.011], but that these normal differences between
genders disappeared during the psychosocial stressor (P >
0.116; Fig. 4). Similar data analysis techniques produced non-
significant results for diastolic blood pressure and heart rate.

Salivary cortisol profile analysis

A profile analysis was conducted to describe the heterogen-
eity in salivary cortisol response to the psychosocial stressor
(Fig. 5). Data were collapsed across gender and transdermal
patch for these analyses, as differences between groups were
nonsignificant for salivary cortisol levels (see salivary corti-
sol section above). Following group profiling, MANOVA
results indicated that the four salivary cortisol response pat-
terns identified were statistically distinct [F(9,95) = 15.20, P
< 0.0001]. Frequencies of profile analysis groups showed
that 33% of subjects had a ‘Normal’ response to the psycho-
social stressor, followed by No response (28%), Late
response (22%) and No return to baseline (17%).
Participants in the ‘normal’ response group did not differ

Fig. 2. Salivary cortisol levels following the psychosocial stressor in substance-dependent individuals. Participants who received the high dose of the
transdermal nicotine patch had a trend toward higher salivary cortisol levels following the psychosocial stressor than those who received the placebo

transdermal patch (P = 0.08).
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Fig. 3. (A) Systolic blood pressure following the psychosocial stressor in substance-dependent individuals. Systolic blood pressure was higher following the
delivery of the first and second speeches for all substance-dependent individuals than at baseline, or at the conclusion of the testing day (P < 0.0001). (B)
Diastolic blood pressure following the psychosocial stressor in substance-dependent individuals. Diastolic blood pressure was higher following the delivery of
the first and second speeches for all substance-dependent individuals than at baseline, or at the conclusion of the testing day (P < 0.01). (C) Heart rate
following the psychosocial stressor in substance-dependent individuals. Participants who received the high dose of the transdermal nicotine patch had higher

heart rates at baseline and following the delivery of both speeches than all other transdermal patch groups (P < 0.05).
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from smoking controls at the −10, +20 or +60 time points
(P > 0.96) and displayed higher salivary cortisol levels than
any other profile group following the +20 time point [F
(3,42) = 7.26, P = 0.0005], posthoc (P < 0.05). Participants in
the ‘normal’ response group were also more likely to be
alcohol or alcohol and stimulant dependent [χ2(2) = 32, P <
0.0001], have received an active nicotine transdermal patch
versus placebo [χ2(2) = 18.66, P < 0.0001], (see Fig. 6) and
be of either gender [χ2(1) = 0.02, P > 0.89]. Profile groups
did not differ in the number of days of sobriety, nicotine
withdrawal levels or anxiety symptoms at the time of the
psychosocial stressor, or depressive symptoms on the labora-
tory study day (P > 0.25).

DISCUSSION

Prior research indicates that alcohol-dependent individuals
demonstrate a blunted stress system response following an
acute psychosocial stressor (Adinoff et al., 2005a; Lovallo
et al., 2000). However, variability in stress reactivity in this
population and individual factors, such as nicotine use, that
may contribute to this variability have not been systemati-
cally examined. The current study was designed to assess the
role of nicotine on subjective, cardiovascular and salivary
cortisol response to a psychosocial stressor. To that end, sub-
jects received either a placebo, low dose (7 mg) or high dose
(14 mg for women, 21 mg for men) and performed a psycho-
social stress protocol consisting of two 4-minute speeches
(al’Absi et al., 1997). Self-reported measures of nicotine
dependence and withdrawal were also completed concur-
rently with the stressor.
Consistent with previous work (Bernardy et al., 1996;

Junghanns et al., 2003; Lovallo et al., 2000), substance-
dependent individuals failed to demonstrate an increase in

salivary cortisol to the psychosocial stressor although they
reported elevated cardiovascular measures and self-reported
distress. This disconnection between ‘blunted’ cortisol levels
and ‘elevated’ self-reported distress and cardiovascular
measures following a psychosocial stressor are similar to
those of Errico et al. (1993). The study of Errico et al.
(1993) showed that while alcoholics displayed blunted
cortisol levels following a psychosocial stressor, their self-
reported distress and cardiovascular measures were equival-
ent to those of community controls.
Comparisons in the current study also extended these find-

ings of Errico et al. (1993). Specifically, substance-dependent
individuals who received nicotine reported less positive affect
(high dose) and more negative affect (high and low doses)
following the psychosocial stressor when compared with
those who received placebo. While an explanation for these
findings is not immediately apparent, it could be suggested
that higher level brain areas involved in appraisal and
emotional response to the stressor may be activated by acute
nicotine administration (Panknin et al., 2002). Thus, greater
negative affect following the psychosocial stressor may reflect
a normalization of the poststress emotional response as nega-
tive emotional responses are blunted in alcohol-dependent
individuals (Salloum et al., 2007). Why nicotine had similar
normalization in salivary cortisol levels for only a minority of
substance-dependent individuals, as discussed below, remains
an empirical question.
Also intriguing is the finding that substance-dependent

individuals who received placebo demonstrated few signs of
acute nicotine withdrawal. For instance, self-reported with-
drawal symptoms scores ranged from 3 to 5 (out of a poss-
ible score of 33) in those who received placebo and did not
differ from those who received the active dose either at base-
line, or following the psychosocial stressor. Similarly, base-
line physiological measures taken just prior to the stressor

Fig. 4. Gender similarities in systolic blood pressure following the psychosocial stressor in substance-dependent individuals. Although men displayed the
normal gender difference of higher systolic blood pressure at baseline and at the +60 (P < 0.015), these differences were non-significant following the

psychosocial stressor (P > 0.116).
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did not differ between groups. Self-reported anxiety symp-
toms were also below the range of clinical significance,
although slight group differences did exist.
Several explanations exist for the absence of nicotine with-

drawal symptomatology in these nicotine-dependent subjects.
First, the time course may not have been sufficient to allow
for the development of a nicotine withdrawal syndrome

(Hughes, 2007; Shiffman et al., 2006). Subjects in the
current study abstained from nicotine for less than 24 h,
which may be too limited a time period for subjects
to experience nicotine withdrawal symptoms, which peak in
2–5 days following cessation (Hughes, 2007; Shiffman et al.,
2006). Second, the laboratory setting may be devoid of
environmental contexts that prompt cigarette craving

Fig. 5. Salivary cortisol levels in substance-dependent individuals and smoking controls following profile analysis. Following group profiling, results indicated
that the four salivary cortisol response patterns identified were statistically distinct (P < 0.0001). Substance-dependent individuals in the ‘normal’ response
group (33% of the sample) did not differ from smoking controls at any time point (P > 0.96). Further, those in the ‘normal’ response group differed from all

other groups at the +20 min time point (P = 0.0005).

Fig. 6. Percentage of substance-dependent individuals in the ‘normal’ response group by group and transdermal nicotine dose. Responders were more likely to
be alcohol dependent and to have received the high dose of nicotine [χ2(2) = 32, P < 0.0001], [χ2(2) = 18.66, P < 0.0001].
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(Conklin, 2006; Van Gucht et al., 2010). Although the
association between environmental contexts, cigarette
craving and onset of nicotine withdrawal symptoms is
unclear, the literature supports that these constructs may be
related (Conklin, 2006; Shiffman and Paty, 2006; Van Gucht
et al., 2010). Third, the task demands may have cognitively
distracted subjects from physiological withdrawal symptoms.
Although untested, this phenomenon has much anecdotal
support. Arguably distinct, physical exercise also promotes
reduced withdrawal symptoms, suggesting that withdrawal
symptoms are not ubiquitous following smoking cessation
(Taylor et al., 2007). It is possible that cognitive distraction
produces a similar outcome, as may be the case in the
current study. Regardless of the underlying mechanism, the
similarity of nicotine withdrawal symptomatology in active
and placebo groups suggests that the nicotine results dis-
cussed are not dependent upon this factor.
Using standard statistical techniques, it appears that nic-

otine had no effect on cortisol activation following a psycho-
social stressor. However, distribution data suggested the need
for focused analyses. First, the individuals who received a
high dose of nicotine were compared with those who
received placebo following the psychosocial stressor (+20
min). Differences between these two doses produced a stat-
istical trend at P = 0.08, where salivary cortisol levels were
higher in those who received nicotine compared with
placebo. Second, a profile analysis was used to characterize
distribution data (Tabachnick and Fidell, 1989, p.453).
Through this technique, four groups of salivary cortisol
responses were identified. In contrast to the overall findings
based on mean comparisons, profile analyses showed that
33% of the substance-dependent individuals responded to
the stressor, having significantly higher cortisol levels than at
baseline. This group of responders displayed similar salivary
cortisol level responses as nicotine-dependent community
controls, were more likely to be alcohol dependent and had
received the high dose of nicotine in the current study. Thus,
in spite of the many drug, subgroup similarities in baseline
and stress responsivity measures, it is notable that the
alcohol-dependent subjects are most sensitive to nicotine
effects in the current study, albeit in the substantial minority
of subjects who responded to the psychosocial stressor.
Alcohol-dependent individuals have also been shown to be
differentially sensitive to the neurocognitive enhancing prop-
erties of transdermal nicotine administration (see Ceballos
et al., 2005 and Nixon et al., 2007 for further discussion).
The mechanism of action of nicotine’s effects on salivary

cortisol levels in alcohol-dependent individuals could be
attributed to either peripheral or centralized factors. While
nicotinic receptors are abundant in the adrenal gland
suggesting a peripheral mechanism (Bornstein and Chrousos,
1999; Tsigos and Chrousos, 2002), the cognitive appraisal of
the psychological threat during the psychosocial stress proto-
col also suggests centralized mechanisms. The concept of
allostasis, or ‘maintenance of stability outside the normal
homeostatic range’ (Koob and Le Moal, 2001), may describe
the stress system dysregulation demonstrated by blunted sali-
vary cortisol levels and subsequent possible amelioration by
nicotine. These findings strengthen the conclusion regarding
individual variability in the integrity of the stress system and
its potential susceptibility to adaptive deficits in homeostatic
load accommodation (allostatis).

The limitations of the current study leave several issues to
be addressed in future research. First, logistical consider-
ations limited the study design to a between-subjects investi-
gation; that is, subjects who received placebo patches were
compared with a second group who received nicotine.
Results of the current study would be strengthened if they
were replicated by future studies including a within-subjects
design. Additionally, although saliva collection is a widely
accepted methodology for measurement of cortisol levels,
future studies addressing the heterogeneity of cortisol levels
in substance-dependent individuals should include measures
of both plasma and salivary cortisol. Lastly, while the com-
munity controls provided an important comparison group in
the current study, future studies would be strengthened by
inclusion of a greater number of subjects in this group.

CONCLUSIONS

In conclusion, these results indicate that while overall ana-
lyses may reveal blunted cortisol responses in treatment-
seeking individuals following a psychosocial stressor, indi-
vidual differences in stress reactivity in this population, par-
ticularly in alcohol-dependent subjects, may be an important
area of future research. Given the role of stress reactivity in
relapse and recovery, these findings have important impli-
cations not only for basic science but also have a clinical
application for relapse prevention training in drug and
alcohol treatment facilities. They further have implications
for the benefit of nicotine replacement therapy in substance-
dependent individuals enrolled in smoking cessation
programs.
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