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Abstract

Background—Although stress plays a critical role in vulnerability to nicotine use and
dependence, the stress response factors that contribute to smoking behaviors remain poorly
elucidated. To minimize the confounding effects of chronic nicotine use, assessing individuals
with relatively short smoking histories is critical for characterizing the neurobiological substrates
associated with nicotine dependence early in the course of illness.

Objectives—This pilot study examined sympathetic nervous system (alpha-amylase) and
hypothalamic-pituitary-adrenal axis (cortisol, dehydroepiandrosterone) responses to the Trier
Social Stress Test (TSST) in young adult smokers. Associations among objective indices of recent
smoking (salivary cotinine, carbon monoxide in the breath [CO]), behavioral measures of nicotine
dependence and withdrawal, and salivary biomarkers in response to the TSST were investigated.

Methods—Smokers (V= 64; 29 males, 35 females) provided saliva samples at 30-minute
intervals for two hours prior to the TSST and every ten minutes for one hour following the TSST.

Results—Alpha-amylase responses to the TSST were positively associated with salivary cotinine
levels but negatively associated with CO levels. Individuals with a lower level of nicotine
dependence had increased cortisol responses to the stressor, whereas those with a higher level of
nicotine dependence did not show any cortisol changes in response to the stressor.

Conclusions—These findings indicate that different mechanisms may be involved at different
levels of nicotine dependence severity. Recent nicotine use and lower dependence severity may be
associated with increased activation of the stress response systems. In contrast, more severe levels
of dependence may downregulate stress response systems.
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Introduction

The Centers for Disease Control and Prevention (CDC) estimates that 17.8% of adults in the
United States — approximately 42 million people - currently smoke cigarettes (1). Each year,
cigarette smoking accounts for one in every 5 deaths in the United States (2). Understanding
the factors that contribute to smoking is critical given the high morbidity and mortality rates
and the staggering cost of smoking-related illnesses in the United States each year (3).

Theoretical models have long emphasized the role of stress in vulnerability to addiction (4).
Greater perceived stress is known to contribute to risk for smoking at various stages of
illness, including initiation (6), maintenance (7), and relapse (8). Neural circuits implicated
in stress regulation and reward processing are activated during acute nicotine use, suggesting
that features of the biological stress response could increase stress sensitivity and enhance
the reinforcing effects of nicotine (5). Alterations in major stress response systems including
the sympathetic nervous system (SNS) and hypothalamic-pituitary-adrenal (HPA) axis have
also been linked to nicotine dependence (5). Unfortunately, the neurobiological substrates of
nicotine dependence that characterize different stages of illness are not well characterized.

The neurobiology of nicotine dependence is likely a moving target that changes as a function
of smoking duration. Chronic stress increases risk for addiction (5) and stressor chronicity is
negatively associated with HPA activity (9). Prior research has typically investigated stress
hormone secretion at later stages of nicotine dependence in individuals whose stress
response systems have been altered by extensive smoking and chronic stress (5,10,21). The
present study addresses a critical gap in this literature by examining relations between
smoking and acute stress reactivity early in the course of illness before adaptations in stress
response neurocircuitry have occurred.

Although central noradrenergic pathways have been implicated in stress-induced
reinstatement of nicotine-seeking behavior in animals (11) as well as humans (12), the role
of SNS activity in nicotine dependence is not well understood (13). Interpreting this
literature requires distinguishing between the unique and interactive effects of diurnal ‘non-
stress’ secretion, stress reactivity, and response to nicotine administration, as well as
considering the stage of nicotine dependence. Smokers typically show a pattern of elevated
diurnal SNS secretion, as evident in higher plasma norepinephrine levels (14). Elevated
diurnal output of alpha-amylase — a digestive enzyme increasingly used as a biomarker of
autonomic nervous system activity — also predicts unsuccessful smoking cessation in men
(21). This pattern of elevated diurnal SNS activity has typically been accompanied by
evidence of blunted reactivity to nicotine exposure, as evident in diminished catecholamine
(15) and alpha-amylase (17-20) responses to smoking. Research on SNS reactivity to
psychosocial stress in smokers has been sparse and inconsistent, with one study showing
blunted alpha-amylase responses (16) and a second study showing greater alpha-amylase
responses in smokers compared to non-smokers (22). This discrepancy could be explained
by differences in specific psychological tasks (i.e., temperament assessment in the natural
environment versus laboratory social-evaluative threat task), quantity of acid aldehydes in
the tobacco smoke, or to differences in stages of nicotine dependence (16,18); unfortunately,
mean duration of nicotine dependence was not reported for either sample of habitual
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smokers. Hence, it remains unclear how SNS stress reactivity is associated with nicotine
dependence severity for newer versus more established smokers.

Research on the role of HPA activity in nicotine dependence has been more extensive and
consistent than the SNS literature. Habitual smokers typically exhibit higher circulating
cortisol levels and blunted cortisol reactivity to psychosocial stress compared to non-
smokers (13,23,24). Intriguingly, stress-induced cigarette craving was positively associated
with cortisol responses to psychosocial stress in daily smokers despite lower overall cortisol
responses in this group relative to occasional smokers and non-smokers (25). In addition,
cortisol responses were positively associated with satisfaction and reward after smoking
following a stress task (26). Taken together, these findings suggest that regular and less
frequent smokers differ both in their cortisol responses to stress as well as the relations
between these responses and stress-induced cigarette craving. However, it is not yet known
how HPA reactivity to stress is associated with nicotine dependence severity.

Dehydroepiandrosterone (DHEA) is a neuroactive steroid with anti-glucocorticoid and
anxiolytic properties (27) released by the adrenal gland in response to HPA activation.
Recent evidence suggests that DHEA may play a role in emotion regulation (28). Habitual
smoking is associated with higher diurnal DHEA secretion (29). Higher sulphated DHEA
levels have been linked to lower cigarette craving and negative affect (30). Decreases in
DHEA levels have been observed after smoking cessation (31), and decreases in the post-
cessation DHEA to cortisol ratio may predict relapse (32,33). Preliminary evidence suggests
that psychosocial stressors elicit DHEA responses in healthy controls that are positively and
moderately correlated with cortisol responses (34,35). Although DHEA responses may
protect against increased cortisol reactivity early in the course of nicotine dependence, it is
unclear whether DHEA responses to psychosocial stress are affected by nicotine dependence
severity and if they adapt to downregulation of HPA activity observed later in the course of
nicotine dependence (23).

Chronic stress can interfere with coordination between the HPA axis and SNS, leading to an
asymmetry that may increase vulnerability for negative physical and mental health outcomes
(36,37). By examining stress response systems in isolation, researchers run the risk of failing
to capture individual differences in dysregulation. To our knowledge, this pilot study is the
first to simultaneously assess multiple indicators of physiological responses (i.e., SNS
activity through salivary alpha-amylase and HPA activity via cortisol and DHEA) to acute
psychosocial stress in young adult smokers. Focusing on young adults with relatively short
smoking histories compared to typical studies of chronic (> 10 years) smokers (10) allowed
us to investigate stress response alterations early in the course of nicotine dependence. We
hypothesized that greater nicotine dependence severity would be associated with b/unted
alpha-amylase, cortisol and DHEA responses.

To address potential reliability problems associated with self-reported smoking status
measures, we assessed nicotine intake via two biomarkers - salivary cotinine levels and
exhaled carbon monoxide (breath CO). Prior research has indicated that these measures may
capture distinct temporal windows on nicotine intake and each has specific advantages and
disadvantages (38-40). CO is the most rapid, noninvasive and easily measured biochemical
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indicator of smoking. However, it has a shorter half-life (approximately 2-3 hours) and is
sensitive only to recent smoking. Cotinine, the major metabolite of nicotine, has a longer
half-life (about 10-30 hours). Quantitative analysis of cotinine is the “gold standard” for
verifying smoking status, but it can be costly and time consuming. Also, due to its longer
half-life, it cannot discriminate between short-term abstinence (< 24 hr) and continued
smoking. We wanted to assess how these two biomarkers are associated with the
neuroendocrine measures. To our knowledge, only one study has examined associations
between biomarkers of cigarette smoking and HPA or SNS activity: among mothers who
smoked and their infants, neither cortisol nor alpha-amylase levels were correlated with
salivary cotinine levels in either mothers or infants (16). Given the short half-life of CO, we
hypothesized that it would be negatively correlated with neuroendocrine measures in the
present sample (since participants were abstinent from smoking immediately before and
during the stress protocol), whereas salivary cotinine would be positively correlated with
neuroendocrine measures. Also, we hypothesized that the association of CO would be
stronger with alpha-amylase than cortisol and DHEA responses to the stressor since SNS
response occurs relatively quickly after the onset of the stressor compared to cortisol and
DHEA responses (41-43).

Participants

Measures

Participants were 64 young adult smokers (29 males, 35 females) ages 18 to 25. Mean age of
nicotine dependence onset was 17.98 (range: 13 to 23 years old). To be included in the study,
participants had to smoke at least 10 cigarettes per day in the past six months. Participants
with a personal or family history of a psychiatric disorder were excluded. All participants
were medically healthy and free from psychiatric conditions as well as medications that
affect the endocrine or central nervous system and alcohol or illicit drug use in the past two
weeks, as determined by medical and psychiatric history, physical examination, laboratory
investigations, and urine drug screens. To minimize the confounding effects of acute nicotine
use while minimizing the effects of nicotine withdrawal on neuroendocrine responses to the
psychosocial stressor, the participants were instructed to abstain from smoking for one hour
before the laboratory visit. All procedures were approved by the institutional review board.
Written informed consent was obtained from all participants.

Diagnostic Evaluation and Family History of Psychopathology—The diagnosis of
psychiatric disorders was based on semi-structured interviews. The Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) was
administered to the participants (SCID) (44). History of psychiatric disorders in family
members was determined by a semi-structured interview, the Family History-Research
Diagnostic Criteria (FH-RDC) (45). The participant’s mother was interviewed regarding
lifetime psychiatric disorders in all first-degree relatives (including self, spouse, and all
offspring).
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Nicotine Dependence—Nicotine dependence was assessed with the tobacco use section
of the World Health Organization — Composite International Diagnostic Interview (46) and
diagnosed according to DSM-IV-TR criteria (47). The Fagerstrom Tolerance Questionnaire
(FTQ) (48), which contains eight items assessing smoking habits (e.g., “how soon after you
wake up do you smoke your first cigarette?”), was used to determine the degree of nicotine
dependence. FTQ scores range from 0 to 11 with higher scores indicating heavier
dependence. Behavioral symptoms of nicotine withdrawal (e.g., irritability, restlessness,
impatience) were assessed with the 8-item Hughes-Hatsukami Withdrawal Symptoms
Questionnaire (49).

Psychosocial Stressor—RParticipants completed a standardized psychosocial stress
protocol — the TSST — that incorporates elements (i.e., social-evaluative threat,
uncontrollability) known to induce robust HPA and SNS responses (50-52). The TSST
involved a 5-minute public speaking task (following a 5-minute preparation period) and a 5-
minute mental arithmetic task performed in front of two audience members seated behind a
table with a video camera (53). Participants were asked to imagine that they were applying
for their ideal job and to prepare a speech to convince the audience that they were the best
candidate for the position. During the mental arithmetic task (serial subtraction), participants
were interrupted after each incorrect response and asked to begin again from the starting
number. Starting from 30 minutes after arrival to the laboratory, baseline saliva samples were
collected at 30-minute intervals for 2 hours prior to the stress task (five samples). During this
pre-stress phase, participants were instructed to lie down and were not permitted any activity
except for reading or watching television with a neutral content. Post-stress saliva samples
were collected immediately after the task and at 10-minute intervals for 60 minutes (seven
samples). During the post-stress phase, participants were relaxed and were not permitted any
activity except for completing a manipulation check assessing how stressful they
experienced the tasks. The stress protocol was conducted in the late afternoon/early evening.
After the TSST, participants reported how stressful the “experiment” was on a 1 (“not at
all”) to 5 (“very stressful”) scale.

Assays—All biomarkers were assayed in duplicates. Nicotine intake was assessed with
salivary cotinine (ng/mL) collected during a physical examination. Cotinine is the primary
metabolite of nicotine and represents a biomarker of nicotine intake (54). Salivary cotinine
levels were determined using a high sensitivity enzyme-linked immunoassay kit (Salimetrics
LLC, State College, PA). Breath CO readings were obtained using a Bedfont EC50
Smokerlyzer Monitor (Bedfont Scientific Ltd, Kent, UK). Participants were instructed to
hold their breath for 15 seconds and then slowly blow out all the air in their lungs into the
monitor. CO levels are presented in parts per million (ppm). Salivary alpha-amylase was
determined by a kinetic assay (Salimetrics LLC, State College, PA). Salivary cortisol levels
were determined using a commercially available enzyme immunoassay kit (Enzyme-Linked
ImmunoSorbent Assay, ALPCO diagnostics, Salem, NH). Salivary non-sulphated DHEA
was determined using a commercially available high sensitivity enzyme immunoassay kit
(Salimetrics LLC, State College, PA).

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morris et al.

Page 6

Data Analytic Plan

Results

Pre-stress hormone/enzyme levels were computed as the mean of the fourth (30 minutes
prior to TSST) and fifth (immediately prior to TSST) baseline samples (after the participants
had adequate time to adapt to the laboratory). Response to the TSST was computed as area
under the curve with respect to ground (AUCg) (55) from the pre-stress mean to the final
recovery sample. AUCg was normally distributed for alpha-amylase, cortisol and DHEA.
The AUC trapezoidal formula (55) was adjusted to account for missing post-stress data
points for 6 participants by altering the number of measurements and duration of
measurement intervals (e.g., participants missing one post-stress data point contributed six
samples at 10-minute intervals except for one 20-minute interval reflecting the missing data
point). Multiple regression was used to examine relations between indicators of recent
nicotine use (i.e., salivary cotinine and breath CO levels) and outcomes measures (i.e., pre-
stress hormone/enzyme levels and AUCq stress responses).

The association of nicotine dependence severity and within-person changes in stress
hormone levels during the TSST was examined using hierarchical linear models (HLM v. 6)
(56). Individuals were assigned to either high or low nicotine dependence severity groups
based on a median split of FTQ scores. Alpha-amylase, cortisol, and DHEA levels were log-
transformed to address skewness. Significant nicotine dependence severity X time
interactions (reflecting linear changes in stress hormones following the TSST) were
examined using simple slope analysis.

Descriptive Analyses

Descriptive characteristics are presented in Table 1 for high and low nicotine dependence
severity groups (based on median split of FTQ scores). The high nicotine dependence
severity group had a higher proportion of females than the low nicotine dependence group;
subsequent analyses of nicotine dependence severity controlled for sex. The high nicotine
dependence severity group smoked more cigarettes per day, had a shorter duration of
nicotine dependence, and higher nicotine dependence severity scores than the low nicotine
dependence severity group. Preliminary analyses among biological measures of nicotine use
revealed that breath CO levels were positively correlated with salivary cotinine (/(62) = .40,
p<.01). However, analysis of nicotine dependence severity measures indicated that FTQ
scores were not significantly associated with withdrawal symptoms (r(62) = .07, p=.60).
The mean perceived stressfulness rating for the TSST was 3.84 (SD = 0.95); most
participants described the TSST as either “stressful” or “very stressful.”

Recent Nicotine Use and Stress Responses

Pre-stress hormone/enzyme levels—Multiple regression analysis indicated that
salivary cotinine levels and breath CO levels explained 30% of the variance in pre-stress
alpha-amylase levels, such that pre-stress alpha-amylase levels were positively associated
with salivary cotinine levels (B = .45, £61) = 3.21, p< .01) and negatively associated with
breath CO levels (B = -.51, {61) = 3.69, p< .01). Pre-stress cortisol levels were not
significantly associated with either salivary cotinine levels (B = -.13, {61) = 0.80, p=.43)
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or breath CO levels (f = .21, £61) = 1.31, p =.20). Salivary cotinine levels and breath CO
levels explained 13% of the variance in pre-stress DHEA levels, such that pre-stress DHEA
levels were positively associated with salivary cotinine levels (§ = .39, £61) = 2.50, p=.02)
but not significantly associated with breath CO levels (B =-.18, £61) = 1.19, p =.24).

Stress responses—NMultiple regression analysis indicated that salivary cotinine levels
and breath CO levels explained 20% of the variance in alpha-amylase responses, such that
alpha-amylase AUCg was positively associated with salivary cotinine levels (f = .39, 61) =
2.59, p =.01) and negatively associated with breath CO levels ( = —.41, {61) =2.69, p =.
01). Cortisol responses were not significantly associated with either salivary cotinine levels
(B = .21, £61) = 1.30, p=.20) or breath CO levels (B = .23, #61) = 1.43, p =.16). Salivary
cotinine levels and breath CO levels explained 11% of the variance in DHEA responses,
such that DHEA responses were positively associated with salivary cotinine levels at the
level of a non-significant trend (B = .32, 461) = 2.00, p < .06) and were not significantly
associated with breath CO levels (B =.02, {61) = 0.14, p =.89).

Nicotine Dependence Severity and Stress Responses

A median split of FTQ scores was used to create a high nicotine dependence severity group
(mean FTQ score = 7.0, SD=0.9; range 6 to 9) and a low nicotine dependence severity
group (mean FTQ score = 4.4, SD=0.9; range 2.5 to 5.5). Multilevel models revealed a
significant interaction between nicotine dependence severity and time predicting post-TSST
changes in cortisol levels (6= -.002, SE=.001, p=.02), controlling for sex. Simple slope
analyses revealed that cortisol levels increased significantly in response to the TSST in
individuals with lower nicotine dependence severity (6= .001, SE=.0006, p=.01) but did
not change significantly for individuals with higher nicotine dependence severity (b= -.
0004, SE = .0006, p=.47) (Figure 1). Using nicotine dependence as a continuous variable
showed the same pattern of results, with higher nicotine dependence severity being
associated with lower cortisol responses (/5(62) = —.32, p = .02). Nicotine dependence
severity did not interact with time to predict changes in alpha-amylase (6= .001, SE=.001,
p=.39) or DHEA (b= -.001, SE=.001, p=.08) levels.

Discussion

This pilot study examined associations between stress-related biomarkers and measures of
nicotine use and dependence in young adult smokers with relatively short histories of
dependence. Although considerable research has focused on stress response alterations in
chronic smokers with prolonged dependence (13), very little is known about the stress
response before adaptations in stress response neurocircuitry to chronic nicotine
consumption have taken hold. This sample afforded a unique opportunity to characterize the
neurobiological substrates associated with different levels of nicotine dependence early in
the course of illness. The present findings extend prior research on the impact of acute
versus long-term smoking on salivary cortisol responses to two critical but overlooked
components of the stress response - the SNS (alpha-amylase) and DHEA. Individuals with a
lower level of nicotine dependence severity showed increased cortisol responses to the
stressor but those with a higher level of dependence did not show any cortisol changes,
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which extends prior research demonstrating blunted cortisol reactivity in chronic smokers
compared to non-smokers (13,23,24). Cortisol responses were not significantly associated
with biological indicators of recent nicotine use. In contrast, pre-stress DHEA levels were
positively associated with salivary cotinine levels but not significantly associated with
nicotine dependence severity. Alpha-amylase stress responses were positively associated
with salivary cotinine levels but negatively associated with breath CO levels, suggesting that
these diverse biomarkers capture unique aspects of nicotine use.

Cigarette smoking induces increased salivary cortisol levels (57) when nicotine binds to
cholinergic receptors in the locus coeruleus and hypothalamus and stimulates the release of
corticotropin-releasing hormone (58). Repeated activation of the HPA axis in habitual
smokers, however, may lead to a downregulation of CRH receptors over time, which could
explain hypo-responsiveness of the HPA axis to a psychosocial or pharmacological
challenge (23) and also the lack of an observed association between recent nicotine intake
and cortisol responses. Abstinent smokers display enhanced craving and blunted HPA
responses to psychosocial stress, which place them at increased risk for relapse (23).
Buchmann and colleagues (25) have proposed a classical conditioning model in which the
repeated pairing of nicotine and cortisol “hits” in chronic smokers results in a conditioned
stimulus (cortisol elevations) capable of triggering the conditioned response (cigarette
craving). One possible extension of this hypothesis is that smokers become increasingly
sensitized to stress-related increases in cortisol with repeated “hits”, such that smaller and
smaller cortisol surges are capable of triggering craving and, potentially, relapse (5). Future
studies are needed to determine the extent to which blunted cortisol responses are
preexisting risk factors for nicotine dependence and/or changes in response to smoking over
time.

Individuals with blunted DHEA responses report more negative mood following a stressor
(34). Consistent with prior research showing higher daily DHEA output in habitual smokers
(29), the present study found greater pre-stress DHEA levels in individuals with higher
salivary cotinine levels. Elevated basal DHEA levels in smokers may represent a marker of
resilience. Treatment with DHEA leads to improvements in mood and stress management in
healthy individuals (59). In addition, DHEA administration has been shown to reduce
activity in brain regions involved in negative mood generation and to increase activity in
regions involved in emotion regulation (28). Future studies should investigate the possibility
that emotion regulation capacity mediates the relation between lower DHEA levels and
increased cigarette craving.

Alpha-amylase reactivity to psychosocial stress was not significantly associated with
nicotine dependence severity, though previous studies have shown that higher daily alpha-
amylase secretion predicts unsuccessful smoking cessation (21). However, relations between
acute smoking indicators and alpha-amylase stress responses differed according to the
biological measure of smoking status. On the one hand, higher salivary alpha-amylase
responses were associated with higher salivary cotinine levels, consistent with previous
findings of higher levels of norepinephrine in smokers (14). On the other hand, breath CO
levels were negatively associated with alpha-amylase responses, which is consistent with
studies showing a negative association between tobacco smoke exposure and alpha-amylase
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secretion (16) and the hypothesis that acid aldehydes present in tobacco smoke reduce alpha-
amylase activity (17,18). This discrepancy may reflect the different temporal windows on
nicotine intake provided by salivary cotinine and breath CO levels (39-41). Whereas the
half-life of breath CO is 2-3 hours, the half-life of cotinine in saliva is between 10 and 30
hours (60). Recent exposure to nicotine (captured by breath CO levels) may diminish
salivary alpha-amylase levels, while more consistent exposure to nicotine in the previous day
(captured by salivary cotinine levels) may increase salivary alpha-amylase levels. Though
speculative, this interpretation is supported by research demonstrating that breath CO levels
are more indicative of recent cigarette smoking than cotinine (61).

Strengths of this pilot study include the use of semi-structured interviews to carefully assess
and exclude potential participants with psychiatric conditions known to influence HPA
function and the use of both subjective and objective measures of nicotine use and
dependence. Additional strengths include the careful adaptation of participants to the
laboratory prior to the administration of the stressor and the simultaneous assessment of
multiple neurobiological indices of the stress response over an adequate period of time.

Limitations of the present study provide directions for future research. First, we were unable
to determine whether smokers display abnormalities in their SNS or HPA responses to
psychosocial stress due to the lack of a non-smoker comparison group matched by sex and
age. Second, this cross-sectional study could not determine whether biomarkers of nicotine
dependence are associated with maintenance or relapse of smoking behavior. Another
possibility that needs to be addressed by prospective studies is whether the blunted cortisol
reactivity that characterizes smokers (62) represents a preexisting risk factor for developing
nicotine dependence. Third, menstrual cycle phase - which is known to impact TSST
responses (57) - was not held constant for female participants completing the TSST. Fourth,
it is unclear how the present findings would translate to smokers with psychiatric
comorbidities because participants with a personal or family history of psychiatric disorder
were excluded to minimize the potential for confounding effects on HPA activity. Finally,
although the present study examined multiple indicators of acute SNS and HPA stress
reactivity, it remains unclear how other types of life events including childhood trauma and
ongoing chronic stress may influence relations between salivary biomarkers and nicotine
dependence severity.

The present findings highlight important links between smoking behaviors and biological
responses to psychosocial stress and suggest that different mechanisms may be involved at
different levels of nicotine dependence severity. For example, smokers with more severe
levels of nicotine dependence showed diminished cortisol responses and may benefit from
pharmacological interventions that upregulate HPA reactivity (12,63). In contrast, smokers
with lower dependence severity showed greater cortisol responses and may benefit from
pharmacological interventions that downregulate HPA reactivity (64).
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Figurel.
Multilevel model testing the nicotine dependence (ND) severity group (median split based

on FTQ scores) by time interaction predicting post-TSST changes in cortisol levels. Asterisk
indicates significant simple slope. *p < .05.
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Table 1
Low Nicotine Dependence (N =32) High Nicotine Dependence (N =32) Low ND vs. High ND
N (%) N (%) 1%
Sex 417"
Male 18 (56) 10 (31)
Female 14 (44) 22 (69)
Race 0.41
Caucasian 25 (78) 27 (84)
Ethnicity 0.22
Hispanic 3(9) 2 (6)
Non-Hispanic 29 (91) 30 (94)
M (SD) M (SD) t
Age 22.06 (2.10) 21.77 (2.17) 0.54
Alpha-amylase
Pre-stress (ug/ml) 63.42 (50.15) 61.35 (43.99) 0.17
AUCg 4,379.09 (2,586.86) 4,671.10 (3,452.13) 0.37
Cortisol
Pre-stress (ng/ml) 0.06 (0.03) 0.07 (0.14) 0.51
AUCg 10.10 (11.42) 7.03 (5.99) 1.35
DHEA
Pre-stress (pg/ml) 93.28 (62.07) 135.87 (118.66) 177
AUCg 11,591.14 (8,409.18) 12,726.52 (9,261.38) 0.49
Smoking
# cigs/day 15.98 (5.00) 24.42 (10.15) 367%
Age of ND onset 17.76 (2.14) 18.40 (2.10) 1.02
Duration of ND (yrs.) 4.14 (2.39) 2.88(1.81) 204%
FTQ score 4.40 (0.88) 7.00 (0.93) 11.29***
H-H withdrawal symptoms 0.66 (0.58) 0.67 (0.53) 0.05
Salivary cotinine (ng/ml) 102.07 (78.26) 101.44 (73.22) 0.03
Carbon monoxide (ppm) 11.31(5.44) 12.68 (9.44) 0.65

Note: ND = nicotine dependence; AUC = area under the curve; FTQ = Fagerstrom Tolerance Questionnaire; H-H Withdrawal symptoms (Hughes-

Hatsukami Withdrawal Symptom Scale).

HokAh

p<.001;
Ak
p<.01;

*
p<.05.
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