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Sex differences in negative affective response during

nicotine withdrawal
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Abstract

This study examined physiological indicants of the neurobiological mediators of negative affect during acute nicotine
withdrawal. Eighty subjects (41 male) were assigned to one of four groups (24-h deprived or nondeprived dependent
smokers, occasional smokers, and nonsmokers) and participated in an instructed fear conditioning paradigm involving
cued administration of electric shock. Negative affective response was measured with fear-potentiated startle during
cues that signaled electric shock and during the postcue offset recovery period. Salivary cortisol and self-report
measures were also collected. Fear-potentiated startle results indicated that affective recovery postcue offset was
delayed in nicotine-deprived women. Nicotine-deprived women also displayed elevated cortisol levels throughout the

fear conditioning procedure.
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Numerous theorists have suggested that negative affect regula-
tion is a primary motive for drug use in general, including nic-
otine use (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004;
Koob & LeMoal, 2001). In particular, these recent (and long-
standing, e.g., Solomon & Corbit, 1974) negative reinforcement
accounts of drug dependence highlight the potentially important
motivational contribution of negative affect during the drug
withdrawal syndrome. Substantial evidence of the activation of
the neurobiological mediators of negative affect during nicotine
and other drug withdrawal has been obtained in animal models
of drug dependence, but confirmation of these results in humans
has been limited primarily to self-report methods to date. Phys-
iological measures exist that reflect activation of negative-affect-
related components of the neuroendocrine and central nervous
systems, but the use of these measures has failed to yield evidence
of significant activity in negative affect processing systems during
drug withdrawal in humans. However, this preliminary research
on drug withdrawal in humans has not examined negative affect
in response to an affective challenge. It is possible that the effects
of withdrawal in humans will be seen most clearly in the context
of emotion regulation following a stressor, rather than on the
basis of tonic levels of negative affect. Therefore, the research
described in this article examined fear-potentiated startle and
salivary cortisol in a fear conditioning paradigm involving threat
of electric shock to document perturbations in the neurobiol-
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ogical mediators of negative affective response and regulation
during nicotine withdrawal in humans.

Nicotine Use, Dependence, Withdrawal, and Negative Affect
Multiple independent lines of evidence suggest that one primary
function for smoker’s nicotine use is to regulate negative affect.
Self-report questionnaires that specifically assess motives for
smoking consistently identify negative affect reduction as an im-
portant motive for dependent smokers’ use of nicotine (Brandon
& Baker, 1991), and relative endorsement of this motive is a
reliable predictor of smoking behavior (Brandon, Juliano, &
Copeland, 1999). Nicotine-dependent smokers report greater
expectation that smoking will successfully alleviate negative af-
fect than do occasional smokers, ex-smokers, and nonsmokers
(Brandon & Baker, 1991). Self-report of smoking urge has also
been consistently observed to covary with smokers’ affective
state, regardless of whether affect is manipulated experimentally
(Zinser, Baker, Sherman, & Cannon, 1992, experiment 2) or
varies naturally (Zinser et al., 1992, experiment 1). Finally, in-
creased negative affectivity is associated with reduced smoking
cessation success (Patton, Barnes, & Murray, 1997) and is a
potent setting event for relapse to nicotine use as well (Brandon,
Tiffany, Obremski, & Baker, 1990).

Both classic (Solomon & Corbit, 1974) and current theories
(Baker et al., 2004; Koob & LeMoal, 2001) of drug motivation
emphasize that negative reinforcement is a critical motive for
nicotine and other drug use. In other words, drug use is moti-
vated to escape, avoid, or reduce aversive states such as drug
withdrawal or stress. In particular, current negative reinforce-
ment models emphasize that negative affect during drug with-
drawal (rather than the physical symptoms such as tremor,
hunger, or sleep disturbance) is the central motivational element
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of the drug withdrawal syndrome. That is, drug users take drugs
to avoid, forestall, or reduce symptoms of negative affect that
emerge during nicotine and other drug withdrawal.!
Unfortunately, much of what we know about these motiva-
tionally critical affective processes during nicotine withdrawal in
humans is based on a narrow range of measures. In fact, as
evidenced in the brief review above, the vast majority of the
empirical research on affect during nicotine withdrawal in hu-
mans has been limited to self-report methods. Therefore, to ad-
dress this significant shortcoming in the human literature on drug
withdrawal, the present study used psychophysiological meas-
ures (startle response and salivary cortisol) to characterize central
nervous system and neuroendocrine stress response in humans
during nicotine withdrawal. We now briefly review empirical re-
search and measurement of the central nervous system and ne-
uroendocrine stress response in animals and humans as it is
relevant to understanding the drug withdrawal syndrome.

Central Nervous System Mediated Negative Affect, Startle
Response, and Drug Withdrawal

Substantial evidence from research with both animals and hu-
mans suggests that the amygdala is critically involved in the op-
erations of the negative affect/aversive motivation system.
Numerous studies have documented amygdala involvement in
an array of processes involving negative affect (Ledoux, 1996).
The startle response (Davis, Walker & Lee, 1999; Lang, Bradley,
& Cuthbert, 1990) provides an attractive, cross-species, nonin-
vasive measure for examining central nervous system/amygdala-
mediated negative affect. Numerous empirical studies with
human and animal participants have demonstrated that the star-
tle response to an abrupt, intense stimulus (e.g., loud noise) in-
creases when elicited in the presence of a cue that elicits acute
negative affect (e.g., cue that has been paired with electric shock
or other noxious stimulus; Curtin, Patrick, Lang, Cacioppo, &
Birbaume, 2001; Davis et al., 1999). Substantial research impli-
cates the amygdala in this potentiation of the startle response
during negative affective states (Davis et al., 1999).

Converging lines of evidence indicate a key role for the am-
ygdala and related neural structures in the negative affective
concomitants of the drug withdrawal syndrome in animals (e.g.,
Isoardi, Martijena, Carrer, & Molina, 2004; Kelsey & Arnold,
1994; Tzavara, Monory, Hanoune, & Nomikos, 2002). Drug
withdrawal studies that examine the startle response in animals
have been critical in supporting this assertion. Numerous em-
pirical studies have documented that overall startle response
magnitude is tonically increased during spontaneous withdrawal
from nicotine (Helton, Modlin, Tizzano, & Rasmussen, 1993;
Rasmussen, Czachura, Kallman, & Helton, 1996), alcohol
(Rassnick, Koob, & Geyer, 1992; van Erp, & Miczek, 2001),
benzodiazepines (Miczek & Vivian, 1993; Rasmussen, Helton,
Berger, & Scearce, 1993), and cocaine (Gordon & Rosen, 1999;
Mutschler & Miczek, 1998) in chronically dependent rats and
during naloxone-precipitated withdrawal during acute opiate
dependence in rats (Harris & Gerwirtz, 2004, Harris, Hanes, &
Gerwirtz, 2004). Moreover, administration of anxiolytic drugs
blocks this increase in startle response in rats during withdrawal

"We do not intend to suggest that negative reinforcement is the sole
determinant of drug use. Both positive reinforcement (e.g., Stewart, de
Wit, & Eikelboom, 1984) and incentive salience (e.g., Robinson & Ber-
ridge, 1993) processes also likely contribute to drug use motivation, but
these processes are not the focus of this current study.
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from nicotine (Rasmussen et al., 1996) and diazepam (Rasmus-
sen et al., 1993).

In addition to tonic increases in the overall startle response
magnitude, recent studies with animals have also documented
that drug withdrawal increases the potentiation of the startle
reflex in the presence of conditioned fear cues (Davis et al., 1999).
For example, Fendt and Mucha (2001) demonstrated that after
fear conditioning training sessions (repeated pairings of a light-
conditioned stimulus with footshock), rats display significantly
potentiated startle in the presence of the light-conditioned stim-
ulus. Importantly, naloxone-precipitated opiate withdrawal sig-
nificantly increased this fear potentiation of the startle response
in that experiment. Similarly, Gordon and Rosen (1999) dem-
onstrated increased fear-potentiated startle to a light-condi-
tioned stimulus for footshock during cocaine withdrawal,
although this effect was strongly moderated by the context in
which drug exposure and withdrawal had occurred. Moreover,
Borowski and Kokkinidis (1994) reported impaired extinction of
fear-potentiated startle to previously established conditioned
stimulus—footshock pairings during acute cocaine withdrawal.

Given the robust observations of a drug withdrawal effect on
overall startle response magnitude and fear-potentiated startle in
animals, it is striking that these effects have not been successfully
replicated in humans. Numerous empirical studies with nicotine-
dependent humans have failed to replicate the increase in overall
startle during withdrawal that has been observed in animals
(Casa, Hofer, Weiner, & Feldon, 1998; Duncan et al., 2001;
Geier, Mucha, & Pauli, 2000; Mueller, Mucha, & Pauli, 1998;
Postma, Kumari, Sharma, Hines, & Gray, 2001). Similarly, no
significant increase in overall startle has been observed in humans
during withdrawal from caffeine (Flaten & Elden, 1999; Swerd-
low et al., 2000), cocaine (Efferen et al., 2000), or benzodizepines
(i.e., oxazepam; Voshaar, Jan Verkes, van Luijtelaar, Edelbroek,
& Zitman, 2005).

The research reported in the current article directly examined
fear-potentiated startle during nicotine withdrawal in a fear con-
ditioning paradigm similar to that used by Fendt and Mucha
(2001). Fear-potentiated startle was measured both during the
threat cue period and in the recovery period following termina-
tion of the threat cue to examine drug withdrawal effects on the
initial negative affective response intensity and the subsequent
regulation of this affective response poststress, respectively (see
Davidson, 1998, for a discussion of the advantages of examining
time course and parsing emotional response into its constituents).
In addition to fear-potentiated startle, salivary cortisol response
to this affective challenge was also collected to assess HPA-axis
stress response during nicotine withdrawal. We now briefly re-
view relevant research on the HPA-axis stress response.

Neuroendocrine Stress System, Salivary Cortisol, and Drug
Withdrawal

The hypothalamic-pituitary-adrenal (HPA) axis is a component
of the neuroendocrine system that is central to the coordination
of an organism’s response to stress (for a review, see McEwen,
2000). In contrast to the fast-acting aversive motivation system
described above, this neuroendocrine stress response develops
over the course of minutes to hours after stressor onset, but
activity may persist for days to facilitate necessary longer lasting
bodily response to stress. The HPA-axis stress response can be
initiated by both psychological and physiological stressors
(Cacioppo, 2000; Pomerleau & Pomerleau, 1990). Dysregula-
tion of the HPA-axis stress response has been implicated as a key
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contributor to the negative-affect-related motivational proper-
ties of drug withdrawal (Koob & LeMoal, 2001). Hyperactiva-
tion of the HPA-axis with increased cortisol secretion in humans
and corticosterone in animals has been consistently observed
during withdrawal from alcohol (e.g., Rasmussen et al., 2000)
and opiates (e.g., Stine et al., 2002). Moreover, administration of
a corticotrophin-releasing factor antagonist blocks the anxiety-
like response observed during withdrawal from nicotine, alcohol,
cocaine, and marijuana (Koob & LeMoal, 2001). Preliminary
evidence also suggests that nicotine withdrawal in humans may
affect HPA-axis regulation and cortisol levels, but these obser-
vations have been quite inconsistent (al’Absi, Amunrud, & Wit-
tmers, 2002; al’Absi, Wittmers, Erickson, Hatsukami, & Crouse,
2003; Frederick, Reus, Ginsberg, Munoz, & Ellman, 1998; Pick-
worth, Baumann, Fant, Rothman, & Henningfield, 1996; Tsuda,
Steptoe, West, Fieldman, & Kirschbaum, 1996). Cortisol levels
during smoking and smoking deprivation predict withdrawal
symptomatology (al’Absi, Hatsukami, & Davis, 2004; Cohen,
Al’Absi, & Collins, 2004), but acute nicotine deprivation has
been observed to increase, decrease, or not affect cortisol level
across studies. However, none of these studies have involved
significant affective challenge during the nicotine deprivation
period. Thus, the present study measured nicotine withdrawal’s
effect on salivary cortisol in response to an affective challenge
(threat of electric shock).

Sex Differences in Nicotine Dependence

Converging lines of evidence now suggest possible sex differences
in affect-smoking relations (Perkins, Donny, & Caggiula, 1999).
Importantly, women appear to have more difficulty quitting
smoking than do men (Scharf & Shiffman, 2004; Wetter et al.,
1999), and this difficulty may in part stem from differences in
withdrawal-related negative affect. For example, women may be
more likely than men to use smoking to cope with negative affect
(Waldron, 1991). Negative affect may also be a stronger precip-
itant for smoking in women than men (Ikard & Tomkins, 1973).
Nicotine’s potentially negatively reinforcing properties may re-
main more salient for women than men even after cessation of use
(Brandon & Baker, 1991; Wetter et al., 1999). Moreover, women
appear to experience more problems with negative emotional
states in general relative to men (Weissman, Bland, & Joyce,
1993). However, much research on affective processes related to
smoking (including the research on the startle response and co-
rtisol reviewed above) has used exclusively male samples, and
when mixed sex samples have been available, formal tests for sex
differences have frequently not been reported (Perkins, 1996).
Given the available evidence, possible sex differences in the af-
fective consequences of nicotine withdrawal were explicitly ex-
amined in the present study.

The Present Study

The present study was designed to examine physiological indi-
cants of the negative affective concomitants of experimentally
manipulated nicotine withdrawal during an explicit affective
challenge. Specifically, affective response during an instructed
fear conditioning paradigm involving threat of electric shock was
examined in nicotine-deprived dependent smokers and nonde-
prived participants (nondeprived dependent smokers, nonde-
pendent/occasional smokers, and nonsmokers). The inclusion of
occasional smoker and nonsmoker control groups (neither group
will have recently smoked or be experiencing withdrawal) was
critical to conclude that predicted affective differences between
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deprived and nondeprived dependent smokers could be unam-
biguously attributed to the nicotine withdrawal syndrome. Oth-
erwise, results from restricted designs involving only deprived
versus nondeprived dependent smokers could be caused by active
smoking among the nondeprived smokers (Casa et al., 1998;
Hughes, Higgins, & Hatsukami, 1990). This active smoking
confound has not been consistently controlled in the nicotine
withdrawal research reviewed above, and this failure is partic-
ularly troubling because active smoking has been documented to
directly affect cortisol levels (Pomerleau & Pomerleau, 1990),
and, in some contexts, negative affective response more generally
(Kassel, Stroud, & Paronis, 2003). A multidimensional physio-
logical assessment of affective response (including fear-potenti-
ated startle during threat cue and recovery periods and salivary
cortisol) was conducted to extend the limited support for neg-
ative affective concomitants of drug withdrawal from the self-
report method available to date. Based on the preceding review,
the following specific predictions were offered:

1. Nicotine-deprived dependent smokers will exhibit increased
fear-potentiated startle to threat cues during the fear condi-
tioning procedure relative to all three control groups (non-
deprived, dependent smokers, occasional smokers, and
nonsmokers). Two components of the fear-potentiated star-
tle response (cue vs. recovery fear-potentiated startle) were
assessed to examine both initial response intensity and the
recovery of this fear response once the stressor was terminat-
ed, respectively.

2. Nicotine-deprived dependent smokers will exhibit increased
salivary cortisol levels throughout the stressful fear condi-
tioning procedure relative to all three control groups.

3. Given the available evidence indicating increased importance
of and difficulty with negative affect associated with smoking
in women, the above predicted nicotine withdrawal effects on
fear-potentiated startle and salivary cortisol are expected to be
greater in nicotine-deprived women than men.

Given the repeated confirmation of null effects in the existing
literature, nicotine deprivation was not expected to alter overall
startle response. However, to confirm these previous findings,
analysis of overall startle response in the absence of threat cues
was conducted.

Method

Participants

Eighty participants (39 female and 41 male) were recruited from
the undergraduate psychology subject pool and the university
community. Participants with uncorrected auditory or visual
problems were excluded. The ethnic background of the partic-
ipants reflected characteristics of the community. Potential sub-
jects were screened to verify no history of adverse physical/
medical reaction to nicotine use. Participants were admitted into
the study based on their inclusion in one of three cigarette-use
categories.

Dependent smokers. These participants reported smoking be-
tween 10 and 40 cigarettes per day, every day for at least the past
year, had scores > 3 on the Fagerstrom Test for Nicotine De-
pendence (Heatherton, Kozlowski, Frecker, & Fagerstrom,
1991), and provided a carbon monoxide level of > 10 ppm
(obtained with a Bedfont piCO Breathalyzer) during an initial
screening session. Dependent smokers were then randomly
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assigned in equal numbers to one of two conditions during the
screening session: continuing (nondeprived) smokers (N = 20; 10
male) or 24-h nicotine-deprived withdrawn smokers (N = 20; 11
male). Continuing smokers were asked to maintain their normal
smoking pattern before the experimental session. Withdrawn
smokers were asked to abstain completely from smoking for 24 h
prior to the experimental session.

Occasional smokers (N = 20; 10 male). Occasional smokers
reported smoking at least 12 cigarettes in their lifetime, with a
minimum consumption of at least 1 cigarette per month over the
past year. In addition, occasional smokers reported no current or
past regular cigarette consumption (defined as average frequency
of consumption in excess of 3 days per week for at least a 1 month
period). Occasional smokers reported no current use of other
tobacco products (e.g., smokeless tobacco, nicotine replacement
systems). Finally, occasional smokers had to provide a maximum
carbon monoxide level <10 ppm during the screening session.

Nonsmokers (N =20, 10 male). Nonsmokers smoked less
than five cigarettes in their lifetime, with no cigarette consump-
tion in the last 6 months. They also reported no current use of
other tobacco products (e.g., smokeless tobacco, nicotine re-
placement systems).

Procedure

Phone contact and screening session. During an initial phone
contact, all participants provided information on smoking be-
havior and the Fagerstrom Test for Nicotine Dependence to
verify eligibility for participation. Eligible participants were in-
vited to attend a screening session during which informed consent
was obtained, carbon monoxide level was assessed, and individ-
ual difference questionnaires were completed. As indicated
above, dependent smokers were randomly assigned to with-
drawn smoker and continuing smoker groups during this screen-
ing session.

Initial experimental session procedures. On arrival for the ex-
perimental session, carbon monoxide levels were assessed among
all participants. Withdrawal compliance among withdrawn
smokers was verified both by self-report and by measured car-
bon monoxide level (<10 ppm). Noncompliant withdrawn
smokers were rescheduled. Participants in the continuing smoker
group smoked a single cigarette to assure that they did not ex-
perience significant withdrawal during the experimental session.
After this, all participants were escorted to the physiological ses-
sion room and sensors were attached to measure the startle re-
sponse (see Measures section below).

Shock sensitivity assessment. To control for individual differ-
ences in shock sensitivity, the intensity of shocks received during
the experimental session was calibrated to participants’ individ-
ual subjective shock sensitivity. Participants were administered a
series of electric shocks of increasing intensity to the fingers of
their left hand by a Farrall Mark300C electric shock stimulator
that was modified to increase safety and allow for computer-
controlled administration of a current range of 0 to 7 mA. Par-
ticipants reported three intensity anchors: the first shock intensity
they could detect, the first intensity that they considered uncom-
fortable, and the maximum intensity level that they could tol-
erate. The series was terminated when they reached their
maximum intensity level. This assessment procedure was admin-
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istered only once to minimize the number of shocks that partic-
ipants received prior to the start of the actual experiment.
Instructions strongly encouraged participants to provide accu-
rate ratings and to tolerate the highest shock intensity possible.
The shock intensity administered during the experimental session
was calibrated to the midpoint intensity between their discomfort
level and their maximum intensity level.

Instructed fear conditioning procedure. Participants complet-
ed two blocks of an instructed fear conditioning procedure, sep-
arated by a rest period that allowed for the collection of salivary
cortisol and self-reported affect in response to each procedure
(see Measures section).> During the procedure, participants
viewed a series of colored square cues (50% blue and 50% yel-
low) presented on the computer monitor for 5 s each and sep-
arated by an average intertrial interval of 11 s (range 8-14 s).
Participants were instructed that electric shocks would be ad-
ministered during a subset of the CUE+ color squares (CUE+
color was constant across both procedures and counterbalanced
across participants) and that no shocks would be administered
during the other (CUE —) color or during the intertrial interval.
Each block of the procedure began with four learning trials (two
CUE+, two CUE- trials), in which both CUE+ trials were
paired with electric shock. Participants then viewed an additional
60 trials (half CUE+), with electric shocks administered on 20%
of CUE+ trials (six shocks). All shocks were administered at 4 s
after CUE+ onset. Each block of the procedure lasted approx-
imately 18 min.

Measures

Fear-potentiated startle. The eyeblink component of the star-
tle reflex was elicited by an acoustic startle probe (50-ms 102-dB
white noise with instantaneous rise time) and measured by re-
cording activity over the orbicularis oculi muscle using miniature
Ag-AgCl sensors filled with conductive gel and placed according
to published guidelines (van Boxtel, Boelhouwer, & Bos, 1998).
Startle probes were presented at 4 s after cue onset during the
CUE+ and CUE — trials to index fear-potentiated startle during
the cue period (cue fear-potentiated startle) to assess initial neg-
ative affective response intensity. Additional startle probes were
presented at 1, 3, and 5 s after cue offset to examine fear-po-
tentiated startle during the recovery period after the threat of
shock was terminated for that specific trial (recovery fear-po-
tentiated startle). Startle probes were never presented on trials in
which an electric shock was administered to avoid contamination
of the startle response with movement and other noise artifact
associated with reactions to the shock. It was expected that

>During the rest period between the first and second blocks of the
procedure (approximately 55 min), withdrawn, continuing, and occa-
sional smokers smoked one cigarette. This manipulation was included to
test for nicotine effects on physiological indicants of negative affective
response. However, preliminary analyses indicated that Block did not
produce a main effect or significantly interact with any other independent
variables for any of our primary dependent measures. Moreover, sep-
arate analyses within each block confirmed that the pattern of results
across smoking groups was comparable in both blocks of the experiment
for all dependent measures (as indicated by the absence of any significant
Block interactions). Therefore, Block was not included as a factor in final
reported analyses. This absence of a significant effect of smoking one
cigarette is consistent with other research that has suggested that the
administration of one cigarette is not sufficient to produce robust and
detectable smoking effects in smokers (Mueller et al., 1998; Schuh &
Stitzer, 1995).
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affective response during this recovery period would be sensitive
to emotion regulation effects. Six startle probes were presented
within each condition, and a minimum of 15 s separated each
probe presentation. Blink EMG activity was sampled (2000 Hz)
with a bandpass filter (30 Hz high pass; 500 Hz low pass). Off-
line processing included signal rectification and smoothing
(30 Hz low pass; 24 db/octave). Peak response (20-120 ms af-
ter probe onset) was scored relative to preprobe baseline. Fear-
potentiated startle was indexed as the difference between CUE+
versus CUE — independently during cue and at 1, 3, and 5 s after
cue offset recovery times within the procedure.

Salivary cortisol. Cortisol level was measured by obtaining
saliva samples with Sarstedt salivettes from all participants at
four times during the experimental session (immediately preced-
ing and 25 min after each block of the procedure) to index HPA-
axis activity in response to the anticipation and exposure to this
“stressor’”” procedure. Samples were frozen at — 80° until they
were centrifuged and assayed using a '*°I radioimmunoassay at
the Wisconsin Regional Primate Research Center Assay Services
Unit. To control for diurnal variations in cortisol, all participants
were asked to wake before 9:00 a.m. on the day of the experiment
(verified via participant self-report on arrival at the laboratory),
and every participant started the experimental procedure at
11:00 a.m. Female participants were included regardless of their
oral contraceptive use. Women who were not using oral contra-
ceptives were scheduled for the experimental session only during
the follicular phase of their menstrual cycle. This choice was
specifically designed to reduce variability associated with con-
traception use and menstrual cycle among women in the study.
Specifically, Kirschbaum, Kudielka, Gaab, Schommer, and
Hellhammer (1999) have observed that bioavailable, unbound
(i.e., “free”) cortisol response to a stressor measured via saliva
samples varies as a function of both oral contraception use and
menstrual cycle, with comparable response observed among
women in their follicular phase and women using oral contra-
ceptives. Kirschbaum et al. also noted that men displayed greater
salivary cortisol response than women using oral contraceptives
or during their follicular phase. Therefore, elevated salivary co-
rtisol levels among male participants across all smoking groups
were expected. Salivary cortisol data were missing for 1 man
continuing smoker because his saliva sample volume was insuf-
ficient.

Self-reported affect and withdrawal. Self-reported positive

and negative affect was measured with the Positive and Negative
Affect Schedule (PANAS, 20-item version; Watson, Clark &

Table 1. Individual Differences by Smoking Group and Sex
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Tellegen, 1988). As with the cortisol assessment described above,
participants completed PANAS four times during the experi-
mental session (immediately preceding and 25 min after
each block of the procedure) to provide self-reported affect in
response to the anticipation and exposure to the stressor
procedure.

All participants completed the Wisconsin Smoking With-
drawal Scale (Welsch et al., 1999) immediately prior to the start
of the procedure to document the success of the nicotine dep-
rivation manipulation and to verify self-reported symptoms of
withdrawal-related negative affect (consistent with the estab-
lished self-report literature). The Wisconsin Smoking Withdraw-
al Scale is a 28-item scale that yields seven scales indicating the
major self-reported affective and other components of the nic-
otine withdrawal syndrome (anger, anxiety, sadness, concentra-
tion, craving, sleep, and hunger). Previous research has
confirmed that the individual scales are internally consistent
(Cronbach’s alphas range from .75 to .93), sensitive to smoking
withdrawal, and predictive of smoking cessation outcomes
(Welsch et al., 1999).

Results

Demographics and Smoking Behaviors

All individual differences (e.g., demographics, smoking behav-
ior, and shock intensity thresholds) are presented by Smoking
Group and Sex in Table 1. No significant Smoking Group, Sex,
or interaction effects were observed for age. Screening session
carbon monoxide levels were available for withdrawn and con-
tinuing dependent smokers and occasional smokers. As expected,
a significant main effect of Smoking Group was observed,
F(2,54) = 43.96, p<.001. Follow-up simple effects indicated that
carbon monoxide levels were significantly lower in occasional
smokers relative to withdrawn and continuing dependent smok-
ers (p<.001), but not different between the two dependent
smoker groups (p =.783 for withdrawn vs. continuing smoker
contrast). No significant main effect or interaction involving Sex
was observed for screening session carbon monoxide levels. In-
formation on cigarettes per day, years of daily smoking, and
Fagerstrom dependence scores were available for withdrawn and
continuing smokers. No significant Smoking Group, Sex, or in-
teraction effects were observed for these two measures among the
two dependent smoker groups. No significant Smoking Group,
Sex, or interaction effects were observed for the shock intensities
administered during the experimental session based on the shock
intensity assessment procedure.

Men Women
Withdrawn  Continuing  Occasional Withdrawn  Continuing  Occasional
smokers smokers smokers Nonsmokers smokers smokers smokers Nonsmokers
Age (years) 24.4 (4.9) 22.5(6.2) 20.2 (1.0) 21.5(5.2) 21.2 (6.8) 23.2(5.9) 23.4 (6.1) 21.2 (2.7)
Carbon monoxide (ppm) 18.6 (6.3) 21.3 (9.8) 2.0 (0.8) 18.6 (6.5) 19.3 (9.1) 2.5(2.6)
Cigarettes/day 20.8 (7.6) 17.3(3.9) 20.5 (8.1) 20.2 (6.5)
Fagerstrom Test of Nicotine 5.3(2.4) 4.1 (1.8) 4.8 (2.0) 4.4 (1.9)
Dependence

Years smoking 6.7 (3.5) 6.3 (7.7) 7.1 (9.6) 7.1 (5.3)
Shock intensity (mA) 3.7(1.3) 4.1(1.1) 4.5(1.1) 4.7(1.2) 39 (1.1 4.4(1.1) 3.9(0.7) 3.9(0.8)

Note: Mean (SD); carbon monoxide level during screening session measured in parts per million (ppm).
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General Analytic Strategy

For all dependent measures, the Smoking Group effect was ex-
amined with planned orthogonal contrasts to maximize power to
detect nicotine withdrawal effects. The Smoking Group planned
orthogonal contrasts we used were: a withdrawn smoker contrast
(withdrawn smokers vs. continuing, occasional, and nonsmok-
ers), a dependent smoker contrast (continuing vs. occasional and
nonsmokers), and an occasional smoker contrast (occasional vs.
nonsmokers). This set of contrasts provided the most informative
tests of the effects of withdrawal and dependence status. Specif-
ically, the withdrawn smoker contrast directly compared with-
drawn smokers to all other groups who were not experiencing
nicotine withdrawal. Thus, examination of this contrast provided
the primary tests of the effect of nicotine withdrawal on emotion
processes. The clearest support for a withdrawal effect on de-
pendent measures would be offered by a significant withdrawn
smoker contrast combined with nonsignificant dependent and
occasional smoker contrasts (i.e., comparable responding across
continuing, occasional, and nonsmoker groups). However, these
latter two contrasts also provided exploratory but potentially
interesting tests of the effects of nicotine dependence (in the ab-
sence of withdrawal; dependent smoker contrast) and occasional
smoking status (occasional smoker contrast) on emotion proc-
esses. Finally, focused withdrawn smoker versus continuing
smoker simple effects are also reported when appropriate (when
a significant overall withdrawal smoker contrast was detected).

Startle Response

Mean startle response for CUE+ and CUE — trials and fear-
potentiated startle (startle response for CUE+ minus CUE —)
during cue presentation and recovery periods (1-5 s after cue
offset) are presented in Table 2.

Overall startle response magnitude. Overall startle response
magnitude was analyzed with a two-way factorial ANOVA with
Smoking Group Contrasts and Sex as between-subjects varia-
bles. A significant main effect of Sex was observed, with women
displaying significantly larger startle response magnitude
(M =124.6, SD=94.0) across all trials relative to men
(M=71.5, SD=68.1), F(1,72)=6.18, pn?=.08, p=.015.
Most importantly, the critical withdrawn smoker contrast was
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not significant, F(1,72) = 1.30, pn*>= .02, p = .258. A compara-
ble analysis of overall startle response magnitude limited only to
CUE — trials yielded a comparable pattern of results with a sig-
nificant main effect of Sex, pn* = .08, p = .014, but no significant
Withdrawn Smoker Contrast, pn> = .02, p = .266. No other ef-
fects were significant in either analysis.

Cue fear-potentiated startle. Fear-potentiated startle during
cue presentation was examined to index effects on central nerv-
ous system instantiated initial negative affective response inten-
sity. Cue fear-potentiated startle was analyzed within a two-way
factorial ANOVA with Smoking Group Contrasts and Sex as
between-subjects variables. No significant Smoking Group, Sex,
or interaction effects were observed, indicating comparable neg-
ative affective response across smoking groups and sexes. Most
importantly, the critical Withdrawn Smoker Contrast was not
significant, F(1,72)=0.93, pn>= .01, p=.337. A one-sample
¢ test indicated that overall Cue fear-potentiated startle was sig-
nificantly different from zero among all participants,
1(79) = 10.23, p<.001, confirming that the shock threat manip-
ulation did produce reliable potentiation of the startle reflex
during shock cue presentation as expected (see Figure 1, black
bar). No other significant effects were observed in these analyses.

Recovery fear-potentiated startle. Mean startle response for
CUE+ and CUE — trials and fear-potentiated startle (startle
response for CUE+ minus CUE —) during the recovery period
are presented in Table 2. Fear-potentiated startle during the re-
covery period was examined to index effects on emotion regu-
lation processes that affected the duration of affective response.
Recovery fear-potentiated startle was analyzed within a mixed
model ANCOVA with Smoking Group and Sex as between-
subjects variables and Recovery Time (1 s vs. 3 s vs. 5s)asa
within-subject variable. Cue fear-potentiated startle was included
as a covariate to control for individual differences in initial af-
fective response to the cues. As expected, a significant main effect
of Recovery Time was observed, F(2,144) = 1521, pn’ = .17,
p<.001, with fear-potentiated startle linearly decreasing across
the three recovery times (see Figure 1, gray bars). The Sex effect
and the Dependent Smoker and Occasional Smoker Contrasts
were not significant. However, the Withdrawn Smoker Contrast

Table 2. Startle Response during CUE+, CUE — , and Fear-Potentiated Startle in Cue and Recovery Periods by Smoking Group and Sex

Men ‘Women
Withdrawn  Continuing  Occasional Withdrawn  Continuing  Occasional
smokers smokers smokers Nonsmokers smokers smokers smokers Nonsmokers
During cue presentation
Fear-potentiated startle 51.4 54.6 48.8 44.3 50.5 84.7 70.3 83.0
(36.6) (50.3) (21.2) (35.3) (36.6) (66.6) (63.0) (67.0)
CUE+ 120.2 114.6 101.7 112.8 181.8 159.6 173.3 177.4
(110.3) (85.5) (57.6) (111.7) (106.3) 97.1) (98.4) (139.5)
CUE — 68.8 60.0 52.9 68.6 131.3 74.9 102.9 94.4
(69.6) (42.9) (42.8) (83.1) 111.7 (56.1) (79.6) (88.0)
During recovery period
Fear-potentiated startle, 6.7 6.3 5.3 7.1 22.1 8.6 33 12.9
recovery (18.2) (10.2) (11.3) 8.2) (17.2) (12.8) (22.5) (16.7)
CUE+ recovery 84.7 78.4 63.3 82.8 163.0 97.3 120.0 120.9
(79.0) (54.6) 41.7) 91.2) (120.1) (70.4) (83.0) (108.6)
CUE — recovery 78.0 72.0 58.0 75.7 141.8 88.7 116.7 108.0
(83.9) (52.7) (46.8) (87.1) (115.2) (69.9) (85.1) (104.6)

Note: Mean (SD); CUE+: cue paired with shock; CUE — : cue no paired with shock. Top section of table displays scores during the cue presentation (i.e.,
startle probes presented 4 s into a 5-s cue period. Bottom section displays scores during the recovery period (i.e., average to probes presented 1, 3, and 5 s
after cue offset). The units for all scores are microvolts.
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Figure 1. Fear potentiated startle during cue and recovery periods. Fear-
potentiated startle is calculated as the difference between startle response
magnitude during CUE+ minus CUE — . Mean fear-potentiated startle
across Smoking Groups and Sex is displayed both during the cue period
and at 1, 3, and 5 s into the postcue recovery period. Fear-potentiated
startle means for recovery period are covariate adjusted for individual
differences in fear-potentiated startle during cue presentation period.
Error bars represent between-subjects standard errors.

was significant, F(1,72) = 4.53, pn* = .06, p = .037, with greater
overall fear-potentiated startle during the postcue recovery pe-
riod in the withdrawn group relative to all other groups. More-
over, Sex moderated (interacted with) the magnitude of this
Withdrawn Smoker Contrast, F(1,72)=4.23, pn’=.06,
p =.043 (see Figure 2).

To decompose this interaction, the Withdrawn Smoker Con-
trast was tested separately among men and women. A significant
Withdrawn Smoker Contrast was observed among women,
F(1,35) = 6.80, pn% = .16, p = .013. In contrast, the Withdrawn
Smoker Contrast was not significant among men,
F(1,37)=0.003, pn*=.00, p=.953.> Finally, this pattern of
simple effects is replicated if withdrawn smokers are compared
only to continuing smokers (rather than all other smoking
groups). Specifically, female withdrawn smokers displayed sig-
nificantly greater fear-potentiated startle during the recovery pe-
riod than female continuing smokers, #(17) = 2.33, p=.032. In
contrast, no significant differences were observed for fear-po-
tentiated startle during the recovery period between male with-
drawn smokers and male continuing smokers, #(19)=0.09,
p=.926. No other significant effects were observed in these
analyses.

Salivary Cortisol

Overall salivary cortisol level during the experiment was analyzed
within a three-way factorial ANOVA with Smoking Group
Contrasts and Sex as between-subjects variables and Assessment
Time (1-4) as a within-subject variable. A trend level Withdrawn
Smoker Contrast effect was observed, F(1,71) = 3.42, pn2 = .05,
p = .068, with higher cortisol levels in the withdrawn group rel-
ative to all other groups. However, consistent with above recov-
ery fear-potentiated startle analyses, Sex significantly moderated

3Comparable results are obtained for these contrasts if they are con-
ducted without Cue fear-potentiated startle as a covariate. Specifically,
the Withdrawn Smoker Contrast was significant among women,
pn? =11, p = .041), but not among men, pn> = .00, p = .925.
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Figure 2. Recovery fear potentiated startle by smoking group and sex.
Mean fear-potentiated startle for the three postcue offset probe times
(1, 3, and 5 s postcue offset) is displayed. Means are covariate adjusted for
individual differences in fear-potentiated startle during cue presentation
period. WS: withdrawn smokers; CS: continuing smokers; OS:
occasional smokers; NS: nonsmokers. Error bars represent between-
subjects standard errors.

the magnitude of this Withdrawn Smoker Contrast,
F(1,71) = 5.07, pn* = .07, p = .027 (see Figure 3).

To decompose this interaction, the Withdrawn Smoker Con-
trast was tested separately among men and women. A significant
Withdrawn Smoker Contrast was observed among women,
F(1,35)=8.70, pn? = .20, p = .006. In contrast, the Withdrawn
Smoker Contrast was not significant among men, F(1,36) = 0.08,
pn? = .00, p = .781. This pattern of simple effects is replicated if
withdrawn smokers are compared only to continuing smokers.
Specifically, female withdrawn smokers displayed significantly
higher cortisol levels than female continuing smokers,
t(17)=2.36, p=.031. In contrast, no significant differences
were observed for cortisol levels between male withdrawn smok-
ers and male continuing smokers, #(18) =0.49, p =.630. No
other significant effects were observed in these analyses.

Supplemental Analyses of Self-Reported Withdrawal and Affect
Measures

Self-reported withdrawal. The Wisconsin Smoking With-
drawal Scales was completed on arrival at the laboratory and
yields seven individual scores that index the affective (anger,
anxiety, sadness) and other components (craving, concentration,
hunger, and sleep) of the nicotine withdrawal syndrome
(see Table 3 for means and standard deviations by Smoking
Group and Sex). Each of these scales was examined within a
factorial ANOVA with Smoking Group Contrasts and Sex (male
vs. female) as between-subjects variables. Significant Withdrawn
Smoker Contrasts were observed on five of the seven scales, with
withdrawn smokers reporting increased anger, anxiety, sadness,
and craving, and decreased concentration relative to all other
groups, Fs(1,72) = 6.94, 11.07, 8.06, 133.08, and 17.47, respec-
tively; all ps<.01. Significant Dependent Smoker and Occasion-
al Smoker Contrasts were also observed for the craving scale,
with nondeprived dependent continuing smokers reporting more
craving than occasional and nonsmokers, and occasional smok-
ers reporting more craving than nonsmokers, Fs(1,72) = 50.10
and 17.11, respectively; both ps <.001.
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Figure 3. Salivary cortisol level by smoking group and time for women
and men. WS: withdrawn smokers; CS: continuing smokers; OS:
occasional smokers; NS: nonsmokers. Approximate time of
assessments: Time 1, 11:30 a.m.; Time 2, 12:00 noon; Time 3, 1:00
p.m.; Time 4, 1:30 p.m. Fear conditioning procedures occurred between
Time 1-2 and Time 3-4.

Main effects of Sex were observed for both the anger and
anxiety scales, with women reporting overall increased anger and
anxiety relative to men, Fs(1,72) =8.76 and 9.58, respectively;
both ps<.01. Moreover, Sex x Withdrawn Smoker Contrast
interactions were observed for both anger and sleep,
Fs(1,72) = 5.47 and 10.35, respectively; both ps<.05. Separate
follow-up contrasts within Sex indicated that the Withdrawal
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Contrast was significant for both anger and sleep among women
(increased anger and impaired sleep among withdrawn female
smokers; ps<.05) but the Withdrawal Contrast was not signif-
icant for either scale among men. No other significant effects
were observed from the analyses of the self-reported withdrawal
scales.

PANAS self-reported affect. PANAS Negative Affect and
Positive Affect scales were analyzed separately within three-way
factorial ANOVAs with Smoking Group and Sex as between-
subjects variables and Assessment Point (1-4) as a within-subject
variable. For PANAS Negative Affect, there was a significant
effect of Time, F(3,216) = 34.79, pn* = .33, p<.001, with neg-
ative affect increased at Time 2 (M = 19.2, SD = 6.9) relative to
all other assessment points (Time 1: M = 15.4, SD = 4.8; Time 3:
M =145, SD=54; Time 4: M =14.4, SD=4.9). More im-
portantly, there was a significant Sex x Withdrawn Smoker
x Time interaction, F(3,216) = 4.40, pn> = .06, p = .005.

To decompose this interaction, Smoking Group x Time
analyses were conducted separately for men and women. A sig-
nificant Withdrawn Smoker Contrast x Time interaction was
observed for women, F(3,105) = 3.93, p = .001, but not for men.
Follow-up simple Withdrawn Smoker Contrasts among women
at each assessment time revealed that female withdrawn smokers
reported significantly more negative affect at Time 1 (immedi-
ately prior to the start of the first procedure; M = 19.1, SD = 5.7)
than females in all other smoking groups (M = 14.5, SD = 3.5),
F(1,35)=8.75, p=.006. The Withdrawn Smoker Contrast was
not significant for women at any of the subsequent assessment
points. Female withdrawn smokers also displayed descriptively
elevated negative affect when compared to only female contin-
uing smokers (M = 15.33, SD = 4.1), but this more focused con-
trast failed to reach conventional levels for significance,
t(17)=1.64, p=.119.

For PANAS Positive Affect, a significant effect of Sex was
observed, F(1,72) = 6.58, pn?= .08, p = .012, with men report-
ing higher overall positive affect than women. A significant effect
of Time was also observed, F(3,216) = 12.27,pn2 =.15, p<.001,
with reduced positive affect at Time 2 (M = 23.8, SD = 7.8) and
Time 3 (M =22.8, SD=17.7) relative to Time 1 (M =259,
SD =17.5) and Time 4 (M = 24.2, SD = 7.9). More importantly,
there was a significant Withdrawn Smoker Contrast for positive
affect, F(1,72) = 5.72, pn?= .07, p=.019, with lower positive
affect among withdrawn smokers relative to the other smoking
groups across all assessment times.

In addition, Sex significantly moderated the magnitude of the
Withdrawn Smoker Contrast, F(1,72)=4.19, pn2 = .06,

Table 3. Self-Reported Withdrawal Scales by Smoking Group and Sex

Men ‘Women
Withdrawn Continuing Occasional Withdrawn Continuing Occasional
smokers smokers smokers Nonsmokers smokers smokers smokers Nonsmokers

Anger 1.3(1.1) 1.6 (1.0) 1.3 (1.1 0.8 (0.8) 2.8 (0.5) 1.8 (0.9) 1.3(0.8) 1.6 (1.2)
Anxiety 2.2 (0.8) 1.8 (0.9) 1.8 (0.5) 1.5(0.7) 2.8 (0.6) 2.3(0.7) 2.0 (0.6) 2.1(0.8)
Sadness 1.4 (0.6) 1.4 (1.0) 0.9 (0.4) 0.7 (0.6) 1.9 (0.9) 1.3 (1.0) 1.0 (0.5) 1.3 (1.0)
Concentration 2.1(1.0) 1.2 (0.6) 1.2 (0.6) 1.1 (0.8) 2.0 (0.8) 1.4 (0.9) 1.3(0.7) 1.2 (0.6)
Craving 2.8(1.2) 1.7 (0.6) 1.0 (0.7) 3.2(0.7) 1.9 (0.7) 0.9 (0.8) 0(0)

Sleep 1.2 (0.6) 1.7 (0.8) 1.9 (0.9) 1.3 (0.8) 2.3(1.2) 1.7 (0.9) 1.3(0.8) 1.1 (0.5)
Hunger 2.1(1.1) 2.2 (0.6) 2.4(0.8) 1.9 (0.6) 2.3 (1.1 2.0 (0.7) 1.7 (0.8) 1.8 (0.6)

Note: Mean (SD); withdrawal scales are from the Wisconsin Smoking Withdrawal Scales. PANAS positive and negative scales are averaged across all

four assessment times.
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Figure 4. Positive and negative affect schedule (PANAS) positive affect
by smoking group and sex. WS: withdrawn smokers; CS: continuing
smokers; OS: occasional smokers; NS: nonsmokers. Error bars represent
between-subjects standard errors.

p = .044 (see Figure 4). The Withdrawn Smoker Contrast was
significant among men, F(1,37) = 8.19, pn*= .18, p = .007, but
not women, F(1,35)=0.08, pn?=.00, p = .785, indicating that
male withdrawn smokers reported lower positive affect com-
pared to the other male groups across all assessment times, with
no differences in positive affect among female smoker groups.
This pattern of simple effects is replicated if withdrawn smokers
are compared only to continuing smokers. Specifically, male
withdrawn smokers displayed significantly lower positive affect
than male continuing smokers, #(19)=2.71, p=.014. In con-
trast, no significant differences were observed for positive affect
between female withdrawn smokers and female continuing
smokers, #(17) =0.12, p = .905.

Discussion

One central goal of this study was to use fear-potentiated startle
to examine the effect of nicotine withdrawal on two constituents
of central nervous system negative affective response: initial
negative emotional response intensity and subsequent negative
emotional response recovery. Fear-potentiated startle data indi-
cated no effect of withdrawal on the magnitude of the initial
response component of the stress response (fear-potentiated
startle during the cue). In other words, while in the presence of the
fear cue the abstinent participants displayed comparably intense
initial negative emotional response relative to all other groups.
Although we believe that this is the first examination of nicotine
withdrawal on fear-potentiated startle in a fear conditioning
paradigm, this null finding is consistent with other recent results
reported by Geier and colleagues (2000) wherein nicotine with-
drawal did not alter the modulation of the startle response meas-
ured during the presentation of affectively valent photographic
stimuli. Such findings suggest that nicotine withdrawal does not
alter the intensity of a smoker’s initial negative affective response
to an acute stressor.

However, nicotine withdrawal did impair recovery from the
negative affective response to the stressor. Nicotine-deprived fe-
male smokers displayed increased fear-potentiated startle during
the recovery period after the fear cue had been terminated. These
differential nicotine withdrawal effects across initial emotional
response intensity versus recovery highlight the importance of
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examining the time course of emotional response and the poten-
tial contribution that a constituent process approach can offer to
clarify the affective problems experienced during withdrawal. It
appears that when female smokers report increased negative af-
fect during withdrawal, their self-report does not result from
experiencing an exacerbated initial negative response to stressors
in their environment. Instead, they may be reporting on distur-
bances in other constituents of their overall affective experience
such as their ability to subsequently recover from or otherwise
effectively regulate their negative affective response, or their
ability to experience relief when no shock was administered dur-
ing that particular CUE+ trial.

This fear-potentiated startle emotional recovery component
may be particularly sensitive to emotion regulation processes.
Numerous emotion theorists have highlighted the need to ex-
amine potentially separable processes related to initial emotional
response versus the subsequent regulation of emotion (Davidson,
1998; Gross, 1999). Emotion regulation includes a broad array of
automatic and volitional processes that are designed to enhance,
suppress, or maintain the strength of an initial emotional re-
sponse. Thus, deficient emotion regulation may likely underlie
female smokers’ delayed recovery with respect to fear-potenti-
ated startle once the trial was complete and the stressor termi-
nated. In fact, many theorists have argued that nicotine and other
drug use is motivated primarily to regulate emotion (Baker et al.,
2004). Current results suggest that nicotine use may be partic-
ularly important to overcome deficits in emotion regulation that
occur during acute nicotine withdrawal, at least for women.

A second central goal of this study was to examine nicotine
withdrawal effects on neuroendocrine stress response. The pri-
mary function of the HPA-axis is to regulate bodily systems to
adaptively respond to stress (McEwen, 2000). The current results
revealed significant withdrawal effects on HPA-axis function,
which were also moderated by sex. Specifically, nicotine with-
drawal heightened cortisol response to the stressor, but only
among women. No withdrawal effect was observed for men. To
date, a handful of other studies have examined nicotine with-
drawal effects on cortisol to index HPA-axis stress response, but
no consistent pattern of results has been observed (e.g., al’Absi
et al., 2002, 2003; Frederick et al., 1998; Pickworth et al., 1996;
Tsuda et al., 1996). However, this is not surprising given the
diversity in methodologies and measurement approaches used.
For example, many of these projects examined only basal cortisol
levels in the absence of a stressor (al’Absi et al., 2002; Frederick
et al., 1998; Pickworth et al., 1996) or phasic response to an, at
best, mild stressor (e.g. visual matricies, Tsuda et al., 1996). Ad-
ditionally, our data indicate that consideration of sex-related
sample characteristics and procedures are critical. However, past
studies have restricted the sample to male participants (Tsuda
etal., 1996), not reported analysis of sex as a factor (al’Absi et al.,
2003; Frederick et al., 1998; Pickworth et al., 1996), or not in-
dicated any control for menstrual phase among women, which
contributes significantly to variability in cortisol reactivity
(Kirschbaum et al., 1999). This study therefore describes a first
test of nicotine withdrawal’s effect on cortisol response to a po-
tent stressor that included critical controls for sex-related issues,
with results indicating increased HPA-axis response during nic-
otine withdrawal for women.

Implications for Theories of Drug Dependence
Baker and his colleagues (2004) report that anxiety, irritability,
depression, and dysphoria are common elements of the
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withdrawal syndrome for all major drugs of abuse. Moreover,
these and other researchers (e.g., Koob & LeMoal, 2001) suggest
that this negative affect plays a critical role in understanding drug
use motivation. However, to date, the majority of the evidence
to document this increased negative affect during nicotine
withdrawal in humans has relied on self-report methods.
Current results substantiate, clarify, and limit these claims that
were previously based primarily on self-report through the
use of two additional measurement methods, fear-potentiated
startle and salivary cortisol. Specifically, physiological
results suggest that negative affect problems during nicotine
withdrawal are characterized by deficits in the recovery from a
stress, not the intensity of response to that stressor. Moreover,
current results limit these claims about negative affect problems
during withdrawal to female smokers, although obviously this
result requires replication. Furthermore, these results more read-
ily facilitate the search for the neurobiological mechanisms that
can account for these negative affective symptoms during nico-
tine withdrawal.

Koob and LeMoal (2001) report evidence from animal mod-
els that negative affect is regulated through homeostatically bal-
anced functional interactions of glucocorticoids (e.g., cortisol/
corticosterone) and corticotropin-releasing factor in central (e.g.,
amygdala and bed nucleus of the stria terminalis) and HPA-axis
stress systems. They argue that this exquisite balance is disrupted
by adaptations of these stress systems to the allostatic load pro-
duced by chronic drug administration. As a result of these allo-
static adaptations, significant negative affective symptoms are
observed on cessation of drug use. Results from the indices of
stress system activation in the current study complement
Koob’s thesis. Recovery fear-potentiated startle and salivary
cortisol level measures suggest impaired function in both
central and HPA-axis stress systems, respectively, during
nicotine withdrawal in women. However, further research is
necessary to determine if recovery fear-potentiated startle and
cortisol effects represent two independent affective consequences
of nicotine withdrawal. Alternatively, recovery fear-potentiated
startle deficits may result from sensitization of the central stress
system due to HPA-axis dysregulation in withdrawal. Converse-
ly, prolonged central stress activation during withdrawal may
have potentiated the HPA-axis stress response (Koob & LeMoal,
2001).

Koob and colleagues also suggest that hypofunctioning
of the neurochemicals (dopamine, opioid peptides) involved in
positive reinforcement contribute importantly to the motiva-
tional significance of drug withdrawal (Epping-Jordan,
Watkins, Koob, & Markou, 1998; Koob & LeMoal, 2001).
For example, these researchers have provided intriguing evidence
to suggest an increase in brain reward thresholds in rats during
nicotine withdrawal (Epping-Jordan et al., 1998). Though spec-
ulative, our PANAS self-report results are consistent with this if
decreased positive reinforcement associated with increased re-
ward threshold detrimentally affects positive affective experi-
ence. Withdrawn male smokers self-reported significantly lower
positive affect on the PANAS than did men in all other condi-
tions in this study. No group differences in positive affect were
observed among women. Thus, in contrast to the increased neg-
ative affective symptoms observed among withdrawn women,
men may instead experience decreased positive reinforcement
from natural and conditioned reinforcers in their environment
with coincident reduced positive affect during nicotine with-
drawal.
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Sex Differences

Important sex differences were noted for both central and ne-
uroendocrine stress response and self-reported positive affect
(and, to a lesser extent, self-reported negative affect). Of course,
increased confidence in the reliability of these sex differences
must await replication. However, these sex differences have al-
ready been foreshadowed in the existing literature on nicotine
dependence in humans. For example, other research has sug-
gested men appear to be more sensitive than women to the re-
warding effects of nicotine (Perkins et al., 1999). Conversely,
negative affect regulation appears to be a stronger motivation for
women’s nicotine use (Ikard & Tomkins, 1973; Waldron, 1991).
Moreover, preliminary evidence suggests that some pharmaco-
logical treatments for mood and anxiety disorders may be more
effective for smoking cessation for women than men (e.g., Cloni-
dine: Hughes, 1993; Bupropion: Perkins et al., 1999; but see
Scharf & Shiffman, 2004).

Interestingly, basic research has indicated sex differences in
the distribution of glucocorticoid receptors (GRs) in the brain,
with a greater number of GRs observed in the brains of female
rats (Karandrea, Kittas, & Kitraki, 2000). This observation,
combined with the sex differences in withdrawal’s effect on sal-
ivary cortisol (a primary glucocorticoid) reported here, points to
one potential mechanism to account for sex differences in nic-
otine’s motivational properties. Regardless, development of bet-
ter treatment and prevention strategies require greater
understanding of the critical mechanisms underlying nicotine
dependence (Shiffman, 1993). Continued use of measures and
paradigms that serve to bridge basic animal and human research
on nicotine dependence will likely advance research toward this
important clinical goal.

Limitations and Future Directions

Limitations of the current study point to important next steps for
systematic research. As discussed previously, nicotine withdraw-
al significantly reduced self-reported positive affect among men.
However, in contrast to the physiological measures of negative
affect, PANAS self-report cannot effectively parse the dynamic
positive affective response into distinct constituents across the
time course (e.g., initial emotional response intensity vs. emo-
tional recovery). Therefore it is unclear what components of
emotion contribute to this self-reported decrement in positive
affect for withdrawn men. Future research could take advantage
of the temporal specificity of emotion modulated startle to fa-
cilitate the identification of these components within the on-go-
ing positive emotional response. Specifically, the use of startle
methodology in conjunction with direct manipulations of pos-
itive affect could more effectively assess withdrawal effects on the
components of positive affective response.

Another limitation of the self-report positive affect results is
its relatively distal relationship to the neurobiological systems
underlying positive affective response. For negative affect, results
from fear-potentiated startle and salivary cortisol measures sug-
gested withdrawal effects on both central nervous system and
neuroendocrine stress response. Future research should include
measures that are more proximal to the brain systems involved in
positive affect to further understanding of nicotine withdrawal’s
effect at this level of analysis. Due to recent advances in affective
neuroscience, more central indices of positive affect are now
available (e.g., anterior EEG asymmetry, fMRI). In fact, initial
evidence suggests that anterior EEG asymmetry may be sensitive
to changes in activity in prefrontal brain areas associated with
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approach motivation during nicotine withdrawal (Zinser, Fiore,
Davidson, & Baker, 1999). Human neuroimaging research can
provide even more direct examination of the neural systems af-
fected by withdrawal, but to our knowledge, no such research has
been published to date.

Consideration of the duration and nature of the stressor may
also be important. The stressor presented in this experiment in-
volved a punctate stimulus intended to elicit an acute stress re-
sponse. Though quitting smokers may encounter similarly brief,
intense stressors, much of the evidence points toward more
chronic and longer-lasting periods of stress leading to cessation
failures (Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996).
Therefore, the acute stressor manipulation employed in this
study represents only one point along the full spectrum of stress-
ors a quitting smoker may experience. That said, withdrawal-
related regulatory failures appear to have prolonged our female
participants’ experience of the punctate stressor. Therefore, dis-
tinctions between acute and chronic stress may be blurred and
perhaps less meaningful among smokers in withdrawal.

Conclusions about the results involving salivary cortisol must
remain somewhat speculative. The contrast of study results with
previous research suggests that an important difference in the
current methods was the inclusion of a stressor challenge. As
noted earlier, none of the previous studies on nicotine withdrawal
have measured salivary cortisol during a significant affective
challenge. However, we are not able to unambiguously conclude
that female withdrawn smokers displayed increased salivary
cortisol response to the stressor because of the absence of a true
no-stress condition (i.e., all measurements were collected after
informing participants about the impending electric shocks).
Future studies will need to measure cortisol across multiple days
and/or prior to informing participants about the nature of the
stressor they will be exposed to.

Consideration of the duration of the withdrawal period may
be important. Withdrawn participants in this study were absti-
nent for 24 h prior to the experimental session. Research has
shown that the first 24 h of a quit attempt may be a critical
period, as relapse frequently occurs during the first day postces-
sation (Westman, Behm, Simel, & Rose, 1997). However, recent
studies also have indicated that withdrawal may be a lengthy and
dynamic process that lasts for days or even weeks beyond the quit
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date (Piasecki, Fiore, & Baker, 1998; Piasecki, Jorenby, Smith,
Fiore, & Baker, 2003). For example, Gilbert et al. (1999) found
that some physiological effects of smoking withdrawal failed to
resolve after 31 days of abstinence. Piasecki and colleagues
(2003) have shown that quitting smokers with more severe and
long-lasting withdrawal profiles are at increased risk for relapse.
Therefore, future laboratory studies might use the current meth-
odology to examine withdrawal effects on emotion over an ex-
tended time course to compare effects across acute and
protracted withdrawal periods. Future research also could have
withdrawn smokers smoke denicotinized cigarettes to confirm
that the effects observed among our withdrawn smokers are in-
deed due specifically to nicotine deprivation rather than more
general cessation of smoking behavior.

As discussed earlier, withdrawal effects on negative affect
during the recovery period suggested overall deficits in emotion
regulation during nicotine withdrawal. Research has suggested
that homeostatic regulatory processes may aid an organism in
maintaining balance within affect systems much like other
homeostatic processes control body temperature within an adap-
tive range (Solomon & Corbit, 1974). In contrast to these more
automatic homeostatic regulatory processes, individuals are also
able to regulate their emotions volitionally. However, volitional
regulation may involve different neurobiological systems and
processes than automatic regulation. Although it is difficult to
establish definitively in this study, the time course of the observed
recovery effects and the nature of the affect manipulation in
general (repeated short stressor presentations) suggest that the
fear-potentiated startle recovery effects index automatic/homeo-
static regulatory processes. Future systematic attention to this
potential important distinction between automatic and voluntary
emotion regulation may clarify the mechanisms that account for
withdrawal effects on emotion. In fact, methods have been de-
veloped to systematically manipulate volitional regulation
through instruction (Jackson, Malmstadt, Larson, & Davidson,
2000) and preliminary evidence suggests that volitional emotion
regulation is not impaired during nicotine withdrawal (Piper &
Curtin, 2006). More generally, future research on affective proc-
esses in addiction will benefit from careful attention to the rapid
conceptual and methodological advances that are occurring in
the basic affective sciences.
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