1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

Y

NATTG,

(@)

» NIH Public Access

10

(A & Author Manuscript
PSS

Published in final edited form as:
Hum Psychopharmacol. 2014 March ; 29(2): 152-162. doi:10.1002/hup.2382.

Cortisol levels decrease after acute tobacco abstinence in
regular smokers

Jordan A. Wong?, Wallace B. Pickworth?, Andrew J. Waters3, Mustafa al’Absi4, and Adam
M. Leventhall 5"

1Department of Preventive Medicine, Keck School of Medicine, University of Southern California,
Los Angeles, California, USA

2Battelle Analytics and Public Health, Baltimore, Maryland, USA

3Department of Medical and Clinical Psychology, Uniformed Services University of the Health
Sciences, Bethesda, Maryland, USA

4University of Minnesota Medical School, Duluth, Minnesota, USA

SDepartment of Psychology, University of Southern California, Los Angeles, California, USA

Abstract

Objective—The aim of this study was to examine the effect of acute tobacco abstinence on
cortisol levels in regular smokers, and whether abstinence-induced changes in cortisol levels are
correlated with various signs and symptoms of the tobacco withdrawal syndrome.

Methods—Smokers (N = 77, =15 cigarettes/day) attended two counterbalanced sessions (avg = 1
h), one following 12—20 h of abstinence and the other following ad lib smoking. At both sessions,
salivary cortisol levels were measured at three time points. Additionally, a battery of self-report
questionnaires, physiological assessments, and cognitive performance tasks were administered to
measure signs and symptoms of tobacco withdrawal.

Results—Salivary cortisol levels were significantly lower during the abstinent session versus the
non-abstinent session. No significant associations were found between abstinence-induced
changes in cortisol and other tobacco withdrawal measures, although there was suggestive
evidence that abstinence-induced changes in cortisol levels and hunger were inversely associated
to a modest degree.

Conclusion—Acute tobacco abstinence was associated with decreased cortisol levels. Cortisol
dampening during acute tobacco abstinence may reflect nicotine-mediated modulation of
hypothalamic—pituitary—adrenal axis activity, which may be relevant to the maintenance of
tobacco dependence. Tobacco-withdrawal cortisol changes do not appear to be a cause or
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consequence of many manifestations of acute tobacco withdrawal with the possible exception of

hunger.
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INTRODUCTION

The hypothalamic-pituitary-adrenal (HPA) axis is a key biological pathway implicated in
both stress response and nicotine addiction (Koob and Le Moal, 2001; Goeders, 2002; Koob
and Kreek, 2007). Hence, understanding the interrelations between HPA axis activity,
nicotine, and smoking behavior may yield important insights into the mechanisms
underlying nicotine addiction and stress-related smoking behavior. Several studies have
documented the stimulating effects of acute doses of nicotine delivered by tobacco smoking
on the HPA axis (Wilkins et al., 1982; Pomerleau et al., 1983; Kirschbaum et al., 1992;
Mendelson et al., 2005), with evidence of a nicotine dose-related increase in cortisol—a key
hormone involved in the HPA axis—acutely following nicotine administration (Cryer et al.,
1976, Winternitz and Quillen, 1977; Seyler et al., 1984; Mendelson et al., 2005).

Nicotine may trigger cortisol production through various mechanisms. For instance, after a
nicotine administration, dose-dependent increases in brain activity have been noted in
regions involved in emotion regulation and HPA responses to stress (Stein et al., 1998).
Thus, nicotine may modulate the neural substrates of emotional processing, which could
alter subjective stress and ultimately affect HPA axis-related cortisol production. More
directly, nicotine stimulates cholinergic receptors in the hypothalamus, directly causing the
release of corticotropic-releasing factors, which starts the HPA cascade that leads to the
production of cortisol (Seyler et al., 1984; Fuxe et al., 1989; Pomerleau and Pomerleau,
1991; Dallman, 1993).

Although considerable research has documented nicotine’s stimulating effects on cortisol
levels, the effects of tobacco abstinence on cortisol in regular smokers are not entirely clear.
Understanding the effects of tobacco abstinence in its acute stages (i.e., the first 12-20 h) is
particularly important because the biological changes that emerge following brief periods of
abstinence that commonly occur in regular smokers may possibly maintain addictive
smoking behavior among daily smokers attempting to quit (Chandra et al., 2007).
Furthermore, such changes might underlie risk of smoking relapse following a quit attempt.
Indeed, one study found that decreases in cortisol levels during the first day of abstinence
predicted subsequent increased risk of early relapse, suggesting that endocrinological effects
from acute tobacco abstinence may interfere with successful smoking cessation (al’ Absi et
al., 2004).

Acute tobacco abstinence could influence cortisol levels in several ways. Acute tobacco
abstinence could result in a net reduction in cortisol levels among regular smokers, which
could simply reflect the dissipation of nicotine’s stimulatory effects on cortisol production
when transitioning from non-abstinent to abstinent states. Alternatively, acute tobacco
abstinence could cause a reduction in cortisol, because chronic nicotine exposure is known
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to dysregulate the HPA axis and could perhaps result in a chronic dampening of the HPA
axis when nicotine exposure is no longer present, resulting in a static stress system that is no
longer adaptively responsive to stress or other factors that might activate the HPA axis
(Koob and Le Moal, 2001). On the other hand, acute tobacco abstinence might increase
cortisol levels. Indeed, the neural pathways involved in emotional processing become
dysregulated during nicotine withdrawal (Froeliger et al., 2011). Therefore, acute tobacco
abstinence could increase emotional vulnerability to stress in regular smokers. Because
regular smokers come to rely on tobacco as a means of relaxation and stress reduction
(Gough et al., 2009), acute abstinence from tobacco may be a direct psychological or
physiologic stressor, which could activate the HPA axis and increase the cortisol levels.
Some of the acute effects of abstinence (e.g., anxiety and irritability) resemble those that
occur in response to acute stress (Hughes 1992).

The question of whether acute (i.e., 12-18 h) tobacco abstinence impacts cortisol levels in
the absence of experimental stressors amongst regular smokers has received some attention
in the empirical literature, and the findings are mixed. Several studies have shown no
significant effects of short-term tobacco abstinence on cortisol levels (al’Absi et al., 2002;
Teneggi et al., 2002; Wardle et al., 2011). However, each of these studies utilized sample
sizes powered to detect only large-sized abstinence effects (n < 30 per abstinent condition).
Another study using a larger sample (n = 72) indicated that declines in cortisol
concentrations after 24 h of smoking abstinence during an unaided quit attempt was greater
in the group that ultimately relapsed in comparison with those who maintained abstinence
(al’Absi et al., 2004) and that cortisol reduced from pre-quit to 24 h of abstinence. However,
the main effects of abstinence in the overall sample in this study must be interpreted with the
caveat of potential confounding of test order, as abstinent and non-abstinent sessions were
not counterbalanced. Finally, one study found that while circadian variation was associated
with plasma cortisol (plasma cortisol levels are greatest in the early morning and decrease to
their lowest level in the late evening), tobacco abstinence did not impact the circadian
variation of cortisol levels (Teneggi et al., 2002).

In addition, to examine the direct effects of acute tobacco abstinence on cortisol levels,
another means of clarifying the role of HPA axis activity during tobacco abstinence is to
examine a possible association between signs and symptoms of the tobacco withdrawal
syndrome and abstinence-induced cortisol level changes. The tobacco withdrawal syndrome
includes features such as anxiety, depression, restlessness, irritability, physical symptoms,
and cognitive performance decrements (American Psychiatric Association, 2000; Hughes,
1992; Stitzer and Gross, 1988; Snyder et al., 1989). These symptoms begin within 4-24 h
after smoking cessation and may contribute to risk for early relapse (Stitzer and Gross, 1988;
Gritz et al., 1991; Shiffman, 1982; Carey et al., 1993). Importantly, there are marked
individual differences in the severity of withdrawal signs and symptoms among acutely
abstinent smokers (Leventhal et al., 2010). More extreme manifestations of withdrawal
symptoms during acute tobacco abstinence may reflect more severe neuroadaptations caused
by chronic nicotine exposure and higher levels of nicotine dependence (Shiffman et al.,
2006; Leventhal et al., 2007; Panday et al., 2007; Bailey et al., 2009). Therefore, alterations
of the HPA axis, such as changes in cortisol levels, during acute tobacco abstinence may
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couple with abstinence-induced changes in the severity of withdrawal symptoms. Yet,
existing research of cortisol-withdrawal associations have utilized relatively restricted
assessment of the various signs and symptoms of tobacco withdrawal syndrome and have
focused on longer durations of tobacco abstinence (Pickworth et al., 1996; al’Absi et al.,
2004). Whether these findings are evident during short-term abstinence (i.e., 12—20 h) and
extend across various subjective, cognitive performance, and physiological manifestations of
the tobacco withdrawal syndrome is unclear.

The current study examined the effects of experimentally-manipulated acute tobacco
abstinence on salivary cortisol levels among regular smokers utilizing a sample adequately
powered to detect medium-sized effects. As a secondary aim, we examined the association
between abstinence-induced changes in cortisol levels and a variety of tobacco withdrawal
signs and symptoms. Given some evidence that women may exhibit greater abstinence-
induced reductions in cortisol than men (al’ Absi et al., 2004), we also explored sex as a
moderator of abstinence effects on cortisol levels.

METHODS

Participants

This report is a secondary paper from a previously published study that focused on
quantifying the effects of acute tobacco abstinence on withdrawal signs and symptoms in
203 smokers that did not report cortisol data (Leventhal et al., 2010). The participants in this
sample represent a subgroup of these individuals (n = 77) who underwent cortisol
assessment procedures, which were introduced midstream into study recruitment.
Participants included 17 male and 60 female adult smokers (average age: 38.2 year; range:
20-60 year) recruited from community announcements. Thirty-six participants were African
American and 41 were Caucasian. On average, participants smoked 21.7 cigarettes/day
(range: 15-40 cigarettes/day) and scores on the Fagerstrom Test of Nicotine Dependence
(Heatherton et al., 1991) were 6.7 (range: 3-10).

The study inclusion criteria for participants were as follows: (i) 18 years or older; (ii)
smokes at least 15 cigarettes/day; (iii) smoked for at least 2 years; (iv) regularly smokes a
brand of cigarettes that delivers at least 11.0 mg tar and 0.7 mg nicotine as rated by the
Federal Trade Commission method; and (v) A Fagerstréom Test of Nicotine Dependence
score = 3. The exclusion criteria were as follows: (i) recent history of certain diseases,
including myocardial infarction, angina, heart failure, hypertension, stroke, and diabetes; (ii)
use of nicotine replacement or smoking cessation treatments in the past 6 months; (iii) use of
antidepressants in the past year; (iv) their estimated 1Q on the Shipley Institute on Living
Scale was less than 78; and (V) currently pregnant or nursing. Each participant underwent a
medical examination to verify health status and provided informed consent. This study
protocol was approved by the National Institute on Drug Abuse Intramural Research
Program Internal Review Board and conducted at NIDA-IRP in Baltimore, MD.
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At an orientation session, participants practiced cognitive performance tasks to be completed
in the experimental sessions (see in the succeeding text) and completed questionnaires
assessing demographics and smoking history. Participants then attended two
counterbalanced 2-h experimental sessions (abstinent and non-abstinent) between 1:00 e
and 3:00 »v 0N separate days. For the non-abstinent sessions, participants were instructed to
smoke normally before the session and a cigarette within 20 min of the study session.
During the abstinent sessions, participants were instructed to abstain from smoking
overnight for at least 12 h (average of 16.9 h; range: 14-20 h) before the study session.
Exhaled carbon monoxide (CO) was measured upon arrival at the laboratory on both
abstinent (average 6.1 ppm; range: 2-11 ppm) and non-abstinent (average 29.7 ppm; range:
13-69 ppm) study sessions. A CO level of <11 ppm was required for the abstinent session.
If participants arrived to the abstinent session with CO = 12 ppm, the session was
rescheduled.

The procedures were identical at both experimental sessions. Heart rate and blood pressure
were measured while at rest during the beginning and end of the session. Subsequently,
participants completed a battery of self-report, physiological, and computer-based cognitive
performance tasks tapping the various manifestations of the tobacco withdrawal syndrome.
Salivary cortisol samples were collected at three time points during each experimental
session in order to capture the background variability of the circadian variations of cortisol
levels: upon arrival right before completing the subjective measures (T;), after completing
the cognitive performance tests (T5), and at the end of session (T3). The approximate timing
of these three time points and the general outline of the session are indicated in Table 1.
Certain measures administered during the study session (i.e., electroencephalography as well
as questionnaires and computer tasks measuring attention bias toward smoking-related
stimuli) were not analyzed in this paper because they were not expected to be related to
HPA axis functioning or were not well-characterized manifestations of the tobacco
withdrawal syndrome.

Cortisol and cardiovascular measures

For cortisol assessment, participants provided 1-2 mL of saliva by placing a Salivette cotton
collection device in their mouth for approximately 1 min. After the cotton was sufficiently
saturated, it was deposited into a plastic tube (Salivette; Sarstedt Ltd.). All samples were
stored at —20°C until analysis. Samples were assayed for salivary cortisol in duplicate using
a highly sensitive enzyme immunoassay at SalimetricsLLLC (State College, PA). The test
used 25 uL of saliva (for single determinations). Features of the test included a lower limit
sensitivity of 0.003 ug/dL, range of sensitivity from 0.003 to 1.8 ug/dL, and average intra-
assay and inter-assay coefficients of variation 4.8% and 8.8%, respectively. The accuracy of
the method by spike recovery, and linearity, determined by serial dilution is 105% and 95%.
Values from matched serum and saliva samples show the expected strong linear relationship,
r (17) =>0.94, p < 0.0001. Systolic/diastolic blood pressures and heart rate were obtained
using an automated vital sign monitor (IVAC, Corp., San Diego, CA).
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Cognitive performance measures

Cogpnitive performance was assessed using four computerized tasks drawn from the Walter
Reed performance assessment battery (Thorner et al., 1985) in the following order: Two-
letter search test (ST), serial math test (MT), digit symbol substitution task, and the rapid
information processing task (RIPT). For each test, the percentage of correct trials was
recorded. The mean response time was recorded for the ST, MT, and RIPT tests.

Each test assessed for different cognitive capabilities. The ST test assessed visual scanning,
recognition, and attention. The MT test assessed mathematical reasoning. The DSST
assessed for psychomotor performance. The RIPT test assessed sustained attention. For
more information on these cognitive performance measures, please refer to a previous
publication discussing the original study (Leventhal et al., 2010).

Subjective assessments

Several questionnaires were administered to assess subjective effects of tobacco abstinence.
The Hughes Hatsukami Tobacco Withdrawal Questionnaire (HHWQ; Hughes et al., 1986)
assesses 11 signs and symptoms of tobacco withdrawal on 6-point Likert-type scales and
produces a total score. A 23-item variant of the Wisconsin smoking withdrawal scale
(WSWS; Welsch et al., 1999) which yields six subscales of tobacco withdrawal (anxiety,
anger, hunger, concentration problems, craving, and sadness) and an overall severity scale.
The Brief Questionnaire of Smoking Urges (QSU; Cox et al., 2001) examines desire for the
positive effects of smoking, intention to smoke (Factor 1 scale), and desire for the relief of
negative affect and urgent need to smoke (Factor 2 scale). It also produces a total score. The
positive and negative affect schedule (PANAS; Watson et al., 1988) assesses positive affect
(PA; 10 items, e.g., enthusiastic and strong) and negative affect (NA; 10 items, e.g.,
distressed and upset). Lastly, the hunger questionnaire (HQ; Hill and Blundell, 1982)
includes eight items measuring feelings of hunger, fullness, and desire to eat on 10-point
Likert scales (1 = not at all and 10 = extremely), which were averaged to create a total score.
As demonstrated in prior analyses in the parent study (Leventhal et al., 2010), Cronbach’s
alpha coefficients based on the intercorrelations of abstinence-induced changes for
individual items within a scale illustrated that abstinence-induced change scores for each of
the subjective measures described previously exhibit adequate internal consistency.

Data analysis

We modeled the effects of state (abstinent vs. non-abstinent), time (T4, T, and 13), and the
state x time interaction on cortisol levels using within-subject analysis of variance with a
Greenhouse—Geiser Epsilon Adjusted p-values. We conducted additional models, including
gender as an independent variable, because of hormonal sex differences possibly impacting
the results. Results of these models demonstrated that the gender x state and gender x state x
time interactions were nonsignificant. Therefore, results reported in final models do not
include gender.

We then examined the effects of state on subjective, cognitive, and physiological measures
of tobacco withdrawal using within-subject analysis of variance. For measures
demonstrating significant differences by state, we created “abstinence-induced change
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scores” (i.e., score while abstinent and score while non-abstinent). Pearson’s correlation was
examined between abstinence-induced change scores on these measures and abstinence-
induced changes at each cortisol assessment. For the primary aim of testing the effects of
abstinence on cortisol levels, the significance threshold was set to 0.05. For the secondary
aim of testing correlations between abstinence-induced changes in cortisol and other
withdrawal measures, we used a Bonferronicorrected significance threshold of 0.0007
(0.05/69 tests) and interpreted correlations with ps in between 0.0008 and 0.05 with caution.
Sample sizes range from 74 to 77 in these analyses because of missing cortisol data.

Supplementary analysis was also conducted to permit the interpretation of the relative
robustness of correlations between abstinence-induced cortisol changes and the subjective,
cognitive, and physiological measures for comparative purposes: Pearson’s correlation was
examined for abstinence-induced change scores for measures across subjective, cognitive,
and physiological measures in which there were significant state effects.

Effects of abstinence on cortisol levels

As illustrated in Figure 1, there was a significant main effect of state, F(1, 73) = 6.33, p=
0.01 on cortisol levels. Comparisons at each individual time point showed significantly
lower cortisol levels in the abstinent (vs. non-abstinent) condition for T, (F =5.61, p < 0.05)
and T, (F = 4.09, p < 0.05) and a trend approaching significance for T3 (F = 3.43, p = 0.06).

There was also a significant main effect of time on cortisol levels, F(2, 146) = 15.76, p <
0.0001. Pairwise comparisons within the non-abstinent condition illustrated significant
reductions in cortisol levels from T1to T2 (F =10.03, p=0.002), T2to T3 (F=4.77,p =
0.03), and T1 to T3 (F = 10.91, p = 0.002). Within the abstinent condition, cortisol levels
also significantly decreased from T1to T2 (F =5.81, p=0.02) and T1to T3 (F =8.62, p=
0.004), but not from T2 to T3 (F = 1.78, p = 0.19). The state x time interaction was
nonsignificant, F(2, 146) = 2.52, p = 0.11, demonstrating that the extent to which cortisol
levels significantly declined over time did not differ as a function of abstinence.

Abstinence effects on tobacco withdrawal symptoms and signs

As illustrated in Table 2, there was a significant effect of overnight abstinence on all
subjective measures: Time 1 and time 2 of HHWQ (both time points: p < 0.0001), WSWS—
total, anger, anxiety, concentration, craving, hunger, and sadness subscales (all subscales: p
< 0.0001), QSU-total, factor 1, and factor 2 subscales (total and both subscales: p < 0.0001),
PANAS-both time points for PA (time 1: p < 0.003 and time 2: p < 0.0001) and NA (both
time points: p < 0.0001), and HQ (p < 0.0001). There was a significant effect of overnight
abstinence on some physiological measures in the expected direction: Time 1 and time 2 of
heart rate (both time points: p < 0.0001) and Cotinine level (p < 0.0001). There were no
significant effects of abstinence on both time points of systolic and diastolic blood pressure.
Effects of abstinence on cognitive measures yielded few significant effects: Reaction time
on the RIPT (p = 0.008), reaction time and error % on the ST (p < 0.0001 and p = 0.03,
respectively), and reaction time on the MT (p = 0.004). There were no significant effects of
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abstinence on the following cognitive measures: RIPT (hit rate and false positives), MT
(error percentage), and DSST (total correct and error percentage).

Associations between abstinence-induced changes in cortisol levels and tobacco
withdrawal symptoms and signs

Among the tobacco withdrawal measures for which there were significant abstinence
effects, there was suggestive evidence of inverse correlations between abstinence-induced
changes in cortisol levels and corresponding abstinence-induced changes in hunger (Table 3
and Figure 2): T4 cortisol and WSWS-Hunger Subscale (r = —0.23; p = 0.046), T, cortisol
and WSWS-Hunger (r = —-0.22; p = 0.06), T3 cortisol and WSWS-Hunger (r = -0.23; p=
0.05), T, cortisol and Hunger Questionnaire (r = —-0.27; p = 0.02), T cortisol and Hunger
Questionnaire (r = —=0.23; p = 0.048), and T3 cortisol and Hunger Questionnaire (r = -0.29;
p = 0.01). Each of these associations did not surpass significance thresholds correcting for
multiple tests (adjusted alpha = 0.0007) and therefore should be interpreted with caution.
Associations between abstinence-related changes in cortisol and any of the other nicotine
withdrawal signs and symptoms or abstinence-induced changes in cotinine levels at any time
point were null (|r|: M =0.09, SD = 0.06, and ps = 0.11; Table 3), and sizably more modest
in absolute magnitude than the corresponding results involving hunger.

Associations of abstinence-induced changes in withdrawal phenomena across subjective,
cognitive, and physiological domains

Supplementary tables 4 and 5 illustrate correlations in abstinence-induced changes across
subjective, cognitive, and physiological domains. On average, the cross—domain correlation
for each pair of measures was of small magnitude (|r]: M = 0.10 and SD = 0.07). Of the 131
relations tested, there were only a few correlations with ps < 0.05: abstinence-induced
changes between PANAS-PA time 2 and HR time 1 (p = 0.04), HQ and HR time 1 (p =
0.05), HHWQ time 2 and ST % error (p = 0.01), WSWS-Hunger and RIPT reaction time (p
=0.04), PANAS-PA time 2 and RIPT reaction time (p = 0.04), HQ and RIPT reaction time
(p =0.05), and HQ and MT reaction time (p = 0.003).

DISCUSSION

In the current study, salivary cortisol levels were significantly lower among smokers
following acute tobacco abstinence compared with a control non-abstinent state. Some
previous studies using smaller sample sizes have not found significant effects of acute (12—
24 h) tobacco abstinence on cortisol levels (al’ Absi et al., 2002; Teneggi et al., 2002;
Wardle et al., 2011). Though, a study employing a larger sample of active quitters found that
cortisol reduced from prequit to 24 h of abstinence (al’Absi et al., 2004). With a sample
sized powered to detect medium-sized effects and a within-participant counterbalanced
design keying in on the first 12 to 20 h of abstinence, the present study presents a new
finding suggesting HPA axis diminution associated with overnight tobacco abstinence.

We also found that cortisol levels declined over time at relatively similar rates in the
abstinent and non-abstinent states, which is concordant with prior evidence that tobacco
abstinence does not affect the natural circadian variations in plasma cortisol (Teneggi et al.,
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2002). Incidentally, cognitive performance tasks that were administered between T, and T,
may suggest a possible disturbance of cortisol levels, as previous research has shown
difficult cognitive tasks, such as public speaking and mental arithmetic stressors, may
induce stress and increase cardiovascular and cortisol responses (Al’Absi et al., 1997).
However, given the consistent within day cortisol reduction illustrated here, it appears that
completing these cognitive tasks did not alter cortisol levels. It is likely that standard
cognitive tasks administered here were not demanding enough to alter the stress response
and confound typical circadian cortisol levels. Additionally, although extant research has
shown that women may exhibit greater abstinence-induced reductions in cortisol than men
(al’Absi et al., 2004), this study did not find significant gender differences in the effects of
tobacco abstinence on salivary cortisol levels.

The abstinence-induced reduction in cortisol levels may reflect several underlying
mechanisms. For instance, nicotine has been shown to stimulate cholinergic receptors that
start the HPA cascade eventually leading to the production of cortisol; thus, the dissipation
of nicotine levels after acute tobacco abstinence may explain the drop in cortisol levels
(Seyler et al., 1984; Fuxe et al., 1989; Pomerleau and Pomerleau, 1991; Dallman, 1993).
However, there was no significant association between abstinence-induced changes in
cortisol and cotinine—a metabolite of nicotine—suggesting other mechanisms may account
for this finding. Alternatively, the abstinence-induced reduction in cortisol levels may
perhaps reflect the expression of biological adaptations associated with dampened HPA axis
activity caused by nicotine dependence and withdrawal featured in stress-reward
dysregulation models of addiction (Koob and Le Moal, 2001).

Prior research examining cortisol-withdrawal relations has utilized measures that
amalgamate multiple nicotine withdrawal symptoms into a composite index (Pickworth et
al., 1996; al’Absi et al., 2004), which may obscure associations that potentially exist
between a particular symptom of tobacco withdrawal and HPA axis activity. In this study,
abstinence-induced changes in most tobacco withdrawal signs and symptoms were not
associated with tobacco abstinence-induced changes in salivary cortisol levels, which
concords with a prior study utilizing composite-based indices (Pickworth et al., 1996).
However, by measuring each withdrawal symptom separately, this study detected an inverse
association between abstinence-induced changes in self-reported hunger and cortisol that
may have been previously obscured in prior work. Specifically, there was suggestive
evidence for this relation that was consistent across two indices of hunger and cortisol
assessments at all three time points when applying uncorrected significance thresholds; no
other measure appeared to follow this pattern. However, none of these relations surpassed
the significance threshold corrected for multiple tests and should be interpreted with caution.
11t is worthy of noting that a recent study found that administration of oral hydrocortisone
—a synthetic cortisol that increases cortisol production—versus placebo was marginally

Lpast work illustrates a systematic increase in salivary cortisol shortly after ingestion of a meal (Gibson et al., 1999). Thus, to consider
the role of food ingestion in the current findings, we conducted a post-hoc analysis on the HHWQ item “increased eating”. Abstinence
significantly increased the level of endorsement of this item (p < 0.001). Furthermore, abstinence-induced changes in cortisol were not
significantly associated with abstinence-induced changes on the HHWQ-eating item (T1: r =-0.07, p=0.57; T2: r =-0.15, p=0.21;
T3:r=-0.10, p=0.38). Hence, it is unlikely that food ingestion impacted the observed decrease in salivary cortisol induced by
tobacco abstinence or the inverse correlations between abstinence-induced changes in cortisol and hunger.
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associated with lower self-reported hunger in recently abstinent smokers (Ussher et al.,
2011). By and large, however, the overall pattern of results suggests that the effects of acute
tobacco abstinence on cortisol and other subjective, cognitive, and physiological measures
do not tend to couple together. Additionally, supplementary analyses illustrated that
relations in abstinence effects across subjective, cognitive, and physiological domains were
also minimal. Taken together, it is unlikely that the tobacco withdrawal syndrome is a
homogenous phenotype across multiple domains of manifestation. Rather, different domains
of withdrawal manifestations, including cortisol (or the endocrine domain), appear to reflect
different phenotypic expressions of withdrawal that do not couple together across people.

There were certain limitations to this study. First, while the current design allowed us to
focus on a precise period of abstinence (12—20 h) and apply a rigorous counterbalanced
within-participant design in non-treatment-seeking smokers, we cannot extrapolate these
results to longer periods of abstinence and naturalistic conditions of smoking cessation. Past
research studying long term abstinence-induced changes in cortisol have shown an increase
in cortisol after abstinence, suggesting that abstinence-induced cortisol level changes may be
time-dependent (Pickworth et al., 1996; Pickworth and Fant, 1998). Second, this study only
explored the role of one HPA axis hormone, cortisol. In order to better understand the
effects of tobacco abstinence on the HPA axis, multiple measures of several biological
processes that reflect HPA axis activity should be employed. Third, due the nature of the
abstinence manipulation, we cannot disentangle the relative influence of pharmacologic
factors (e.g., reduction in nicotine levels), loss of the sensory motor stimulation associated
with the smoking ritual, and the activation of beliefs about the effects of tobacco abstinence
on our findings. Fourth, as previously mentioned, evidence suggests that women may exhibit
greater abstinence-induced reductions in cortisol than men (al’ Absi et al., 2004). Because
this study included a small number of men (n = 17), findings regarding gender differences
should be interpreted with caution due to the high potential for: (i) insufficient statistical
power and possible type-11 error and (ii) limited generalizability to the overall population of
men. Finally, the associations between abstinence-induced changes in hunger and cortisol
are qualified by the large number of tests performed.

Overall, the current study advances endocrinology-related tobacco research, shedding light
on cortisol reductions as a potential target for research on the determinants of early smoking
relapse and factors that may maintain addictive smoking behavior. This study also indicates
that cortisol may reflect a unique phenotypic manifestation of tobacco withdrawal that is
separate from potentially several distinct phenotypic expressions of withdrawal across
domains. Thus, continued investigation of the interrelation between nicotine, HPA axis
activity, and tobacco withdrawal will be an important means for advancing
psychopharmacology theory and smoking cessation practices.

Supplementary Material
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Figure 1.
Effects of overnight abstinence on cortisol levels across three time points. Mean Cortisol

levels (+ S.E.M.) are displayed. *Significant differences between abstinent and non-
abstinent states (p > .05); *Differences between abstinent and non-abstinent states (p = .06).
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Figure2.
Scatter plots illustrating correlations between abstinence-induced changes in cortisol levels

and hunger. Note. Pearson correlation coefficients calculated for relationship between
abstinence induced changes in cortisol levels (at each timepoint) and abstinence-induced
changes in hunger. Cortisol levels reported in pg/dL. WSWS, Wisconsin Smoking
Withdrawal Scale (scale: 0-4); HQ, Hunger Questionnaire (scale: 1-10); T1, Time 1; T2,
Time 2; T3, Time 3.
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Approximate timeline of procedures for experimental sessions

Table 1

Procedure Time (Minutes)
Exhaled CO 2
Heart rate/Blood pressure 1
Saliva sample for cortisol and cotinine analysis (T) 1
Questionnaires® 14
Cognitive performance tasksP 16
Saliva sample for cortisol and cotinine analysis (T5) 1
Questionnaires® 6
Attentional bias tasks 16
Electroencephalogram 13
Heart rate/Blood pressure 1
Saliva sample for cortisol and cotinine analysis (T5) 1

Page 16

aThe following measures were administered at this time point: Positive and Negative Affect Scale; Hunger Questionnaire; Hughes Hatsukami

Withdrawal Questionnaire; Wisconsin Smoking Withdrawal Scale; Subjective Attentional Bias Questionnaire; 12-item Tobacco Craving

Questionnaire; and Brief Questionnaire of Smoking Urges.

The following cognitive measures were administered: Two-letter search task; serial math test; digital symbol substitution task; rapid information

processing task.

The positive and negative affect scale and the Hughes Hatsukami Withdrawal Questionnaire were readministered at this time point.
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