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Abstract

Rationale Impulsivity is related to greater risk of nicotine
dependence, perhaps by enhancing sensitivity to nicotine’s
reinforcing and rewarding effects during initial smoking
experiences.

Objective We examined the influence of impulsivity char-
acteristics on acute sensitivity to nicotine reward, reinforce-
ment, and other effects in 131 young adult nonsmokers.
Materials and methods Participants engaged in four ses-
sions: the first three to assess dose—response effects of nasal
spray nicotine (0, 5, 10 pg/kg) on reward, as well as mood,
physiological, and performance effects, and the fourth to
assess nicotine reinforcement using a choice procedure. Five
impulsivity factors, derived from factor analysis of self-report
(e.g., Barratt Impulsivity Scale, Sensation-Seeking Scale,
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Novelty seeking) and computer (stop—go, delay discounting,
probability discounting) measures of impulsivity, were la-
beled “novelty seeking”, “response disinhibition”, “extraver-
sion”, “inhibition”, and “probability/delay discounting”.
Results The associations of novelty seeking with nicotine
reinforcement and reward tended to move in opposite di-
rections by sex, generally being directly related in men but
inversely or unrelated in women. Similarly, response disinhi-
bition was associated with reward and some mood responses
to nicotine that differed by sex. Extraversion was inversely
associated with nicotine reinforcement. Characteristics load-
ing on to the other impulsivity factors had little association
with nicotine sensitivity.

Conclusions These results are preliminary, but they suggest
that characteristics broadly related to impulsivity, especially
novelty seeking and response disinhibition, are associated with
initial sensitivity to some effects of acute nicotine, including
reinforcement and reward, and may do so differentially be-
tween men and women.

Keywords Nicotine - Sensitivity - Impulsivity -
Sex differences - Nonsmokers - Reinforcement - Reward

Introduction

Fewer than half of all teens who experiment with tobacco
become nicotine dependent (Anthony et al. 1994). Factors that
may explain differential vulnerability to dependence among
those ever exposed to tobacco are numerous and a major
focus of research aimed at understanding and preventing
dependence (e.g., Audrain-McGovern et al. 2008). One of the
most studied characteristics associated with risk of depen-
dence on nicotine, as well as other drugs, is impulsivity and
associated traits such as inattention, novelty seeking, and dis-
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inhibition (e.g., Lane and Cherek 2001; deWit and Richards
2004; Kreek et al. 2005).

Smoking status and nicotine dependence severity are
related to impulsivity in cross-sectional studies. For example,
Reynolds et al. (2007) found that adolescent smokers appear
more impulsive than adolescent nonsmokers on some mea-
sures, such as the self-report Barratt Impulsivity Scale (BIS)
and a behavioral delay discounting task (i.e., degree to which
smaller but immediate rewards are preferred over larger but
delayed rewards) but not on other measures (probability
discounting, stop—go task). Smoking status among adults is
also related to delay discounting and other impulsivity mea-
sures (e.g., Bickel et al. 1999; Mitchell 1999). Moreover,
within smokers, some measures of impulsivity are higher
among those who relapse more quickly after a quit attempt,
both in adolescents (Krishnan-Sarin et al. 2007) and in adults
(Doran et al. 2004), suggesting that impulsivity contributes
to greater persistence of dependence. Similarly, adult smokers
with current or past history of attention deficit hyperactivity
disorder (ADHD), marked by impulsivity and inattention,
show more severe withdrawal symptoms on some measures
when attempting to quit (Pomerleau et al. 2003; McClernon
et al. 2008).

While some theories propose that smoking exposure can
foster impulsivity (deBry and Tiffany 2008), other research
suggests that impulsivity may be causally related to onset of
regular smoking. Characteristics related to impulsivity, such
as inattention (Burke et al. 2001), risk-taking (Burt et al.
2000), extraversion (Harakeh et al. 2006), novelty seeking
(Masse and Tremblay 1997), and ADHD itself (Milberger
et al., 1997), are prospectively associated with onset of
smoking in adolescents. Similarly, in preclinical findings with
rodents, impulsivity predicts enhanced acquisition of nicotine
self-administration (Diergaarde et al. 2008).

One mechanism to explain this link is that nicotine may
have greater positively and/or negatively reinforcing effects
in impulsive individuals, perhaps due to its dopaminergic
actions. Although reduced central serotonergic activity is
believed to be critical to impulsivity, effects of stimulant
medications such as methylphenidate in relieving symptoms
of impulsive disorders suggest that dopaminergic transmis-
sion also has important but complex influences on impul-
sivity, particularly in prefrontal cortex and basal ganglia
(Dalley et al. 2008; Pattij and Vandenschuren 2008). Thus,
because of their dopaminergic actions, other stimulants, in-
cluding nicotine, may elicit greater negative reinforcement
(e.g., alleviation of discomfort or cognitive deficits) in those
who are more impulsive. Several observations support this
notion. Nicotine via patch acutely alleviates difficulty con-
centrating and ADHD symptoms in adult smokers with
ADHD who briefly abstain from smoking, similar to effects
of ADHD medication (Gehricke et al. 2006). Nicotine via
patch also improves cognitive performance (recognition
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memory) and decreases impulsive performance (stop—go
task) in adolescent nonsmokers with ADHD (Potter and
Newhouse 2004, 2008), indicating that nicotine’s effects
may be a true pharmacological influence and not due simply
to relief of tobacco withdrawal symptoms (Hughes 1991).

Aside from nicotine having greater negatively reinforcing
effects in those with the disorder of ADHD, acute nicotine
may have greater positively reinforcing effects (e.g., pleasure
or reward) in such individuals. These effects may also be seen
in those with impulsive personality characteristics that are not
pathological but within normal levels. For example, novelty
seeking may be characterized by heightened reactivity to
novel stimuli, and drug exposure in a naive individual may be
viewed as presenting novel interoceptive stimuli (see Kreek
et al. 2005). Consistent with this idea, we found greater sub-
jective stimulation in response to acute nicotine administra-
tion as a function of higher scores on the disinhibition and
experience-seeking subscales of the Sensation-Seeking Scale
(SSS; see Zuckerman 1994) but only in young adult non-
smokers and not in smokers (Perkins et al. 2000). Therefore,
characteristics related to impulsivity may influence sensitiv-
ity to nicotine upon early exposure, but not after chronic
exposure and the onset of dependence and tolerance to
nicotine’s effects. Impulsivity in humans increases risk of
other drug use (Kreek et al. 2005) and may similarly in-
fluence initial sensitivity to other drugs as higher scores on
several SSS subscales are associated with greater mood
responses to amphetamine in healthy non-drug-abusing
adults (Hutchison et al. 1999; Kelly et al. 20006).

Other research promotes the view that impulsivity may
increase risk of dependence by enhancing “initial” sensitivity
to nicotine, i.e., upon early exposure. The “sensitivity”” model
of Pomerleau (1995) proposes that individuals at higher risk
for nicotine dependence experience greater pleasurable, and
perhaps aversive, effects of nicotine when they first experi-
ment with tobacco, compared to individuals at lower risk for
dependence. Greater effects at early exposure may increase
the chances of repeated tobacco use, leading to escalation of
use and onset of dependence. In several studies, adults who
currently smoke reported retrospectively having had greater
pleasant sensations the first time they ever smoked,
compared to adults who had never smoked regularly but
had had some exposure (e.g., Hu et al. 2006; O’Connor et al.
2005; Pomerleau et al. 2004). The sensitivity model is based
on animal research showing genetic or other individual dif-
ferences in sensitivity to nicotine effects (Marks, et al. 1991;
Schechter et al. 1995). Rat strains that are more sensitive to
nicotine upon initial exposure may show greater subsequent
acquisition of nicotine reinforcement (Le et al. 20006).

In summary, impulsivity may be one factor, among others,
that increases vulnerability to nicotine dependence by in-
creasing initial sensitivity to the acute rewarding and rein-
forcing effects of nicotine. In this study, we examined the
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influence of various dimensions of impulsivity on initial
sensitivity to acute nicotine administration in young adult
nonsmokers. A number of measures related to impulsivity
were examined because of the evidence that impulsivity may
comprise several independent factors (Evenden 1999). We
chose nonsmokers (i.e., those with minimal tobacco expo-
sure history) to ensure that responses to nicotine would re-
flect their initial sensitivity to the drug, unaltered by the
onset of chronic tolerance to nicotine, which occurs fairly
rapidly as teens persist in experimenting with cigarettes
(Gervais et al. 2006). Tolerance, by definition, blunts overall
sensitivity to nicotine and perhaps the degree of variability in
sensitivity between individuals (Perkins et al. 2000, 2001a),
thus hampering the identification of factors that explain this
variability, such as impulsivity. Our focus was on measures
of nicotine reward and reinforcement, but our assessments
included measures of mood, physiological, and performance
responses that may help explain nicotine reward and
reinforcement in naive users (Eissenberg and Balster 2000).

Materials and methods
Participants

Prospective participants were recruited through flyers and
advertisements posted in a university community offering
monetary compensation for their research participation. Par-
ticipants completing the study were 131 young adult “non-
smokers” (51 men, 80 women) aged 21-39, with no more
than ten lifetime tobacco exposures (i.e., ten cigarettes or
combinations of cigarettes, cigars, smokeless tobacco uses,
etc.) and no use in the prior 3 years. In a survey of over 8,000
Americans aged 15-54 (Anthony et al. 1994), about 24%
never used tobacco, and another 51% used tobacco but never
became dependent. Although many of the latter users used
tobacco more than ten times without becoming dependent,
these survey results suggest that our criterion of ten or fewer
lifetime tobacco exposures characterizes at least half of young
adults. Lifetime tobacco use was assessed at two points,
during the initial telephone screening and at the subsequent in-
person interview, and was required to be consistent on both
occasions, for reliability. In addition, participant responses
about tobacco history were subsequently corroborated from
reports by at least two collaterals, long-time friends or family
members, who were asked about the participant’s tobacco use
history. The tobacco use history reported by another 47
prospective participants was not corroborated by collaterals,
and so they were excluded from participation.

Subjects received a full physical exam by a physician to
rule out current or recent medical or psychiatric problems
contraindicating participation. The physical exam included
lab tests for abnormal heart, liver, or thyroid function. Current

problem alcohol use was an exclusion criterion, determined
by self-report of more than 24 standard drinks per week.
Those with current or recent illicit drug use, determined by
self-report or urine drug screen, were excluded, as were those
reporting current use of psychiatric medications. Urine drug
screen assessed presence of the following: amphetamine,
barbiturates, benzodiazepines, benzoylecgonine (cocaine me-
tabolite), methadone, opiates, phencyclidine, and propoxy-
phene. Based on this medical screening, 11 others were
excluded from participation. Another four dropped out prior
to completing all sessions, and one dropped out due to adverse
responses to the nasal spray. Mean characteristics of the final
sample of 131 are presented in Table 1. Men and women did
not differ significantly on these characteristics.

Measures of impulsivity

Because a number of characteristics related to impulsivity
have been associated with smoking risk, as noted in the
“Introduction”, and impulsivity may be multi-dimensional
(Evenden 1999), we examined a variety of measures
assessing these characteristics. Most of the measures have
been used in prior research on impulsivity and smoking or
other drug use (e.g., Bickel et al. 1999; Mitchell 1999;
Reynolds et al. 2007). These measures were assessed during
the screening session prior to any experimental sessions
involving nicotine exposure (see “Procedures”, below). Mean
scores on these tasks for the men and women in this study,
along with normative data on these tasks where available, are
provided in Table 2. The first seven are paper-and-pencil self-
report measures, and the last three are computer tasks:

1. The SSS (Zuckerman 1994) has four subscales, each
containing ten items and labeled: Thrill and Adventure

Table 1 Characteristics of the sample (N=131)

Characteristic Mean (SEM) or proportion
Age (years) 25.0 (0.4)
Ethnicity

White (not Hispanic) 77.1%
Black (not Hispanic) 11.5%
Asian/Pacific Islander 3.8%
Hispanic 3.8%
Native American/Alaskan Native 0.8%
Other/unknown 2.3%
Marital Status

Single 82.4%
Married/partnered 14.5%
Divorced/separated 3.1%
Highest level of education

Less than college graduate 44.3%
College or university graduate 32.1%
Graduate or professional training 23.7%
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Table 2 Mean (SD) scores for study sample on each of the 12 measures of characteristics related to impulsivity, compared with mean (SD) scores
from normative samples, where available

Current study sample

Normative samples

Men (SD) Women (SD) Total score (SD) Men (SD) Women (SD)
SSS: experience-seeking subscale 5.90 (2.38) 5.34 (2.10) 52 (2.4)? 4.8 2.1)*
SSS: disinhibition subscale 4.69 (2.28) 3.42 (2.02) 6.5 (2.6)" 5.1 (2.3)*
TCI: novelty-seeking subscale 16.53 (4.81) 15.53 (5.01) 16.6 (5.6)°

21.6 (5.2)°

Barratt Impulsiveness Scale 57.37 (8.11) 53.68 (8.41) 63.82 (10.17)° 64.94 (10.19)¢ 63.32 (10.16)"
BDHI: verbal aggression subscale 6.88 (2.49) 5.66 (2.11) 7.61 (2.74)° 6.82 (2.59)°
EPI: extraversion subscale 12.44 (4.14) 12.20 (3.47) 10.17 (3.71)f 11.14 (3.35)f
BIS/BAS: inhibition subscale 17.75 (3.17) 19.38 (3.76) 19.99 (3.79)%
BIS/BAS: reward subscale 15.54 (2.26) 17.21 (1.91) 17.59 (2.14)%
BIS/BAS: responsiveness drive subscale 10.52 (2.30) 10.80 (2.25) 12.05 (2.36)*
BIS/BAS: fun-seeking subscale 11.08 (2.30) 10.83 (2.88) 12.43 (2.26)*
ADHD symptoms scale 8.32 (5.40) 6.33 (5.16) 8.25 (7.27)" 4.09 (5.26)"
Stop/go task (ms) 288.18 (21.62) 274.83 (4.63)
Delay discounting (area under curve) 0.59 (0.27) 0.54 (0.25)

Probability discounting (% risky choices)

50.35 (17.87)

43.77 (15.77)

#University of Delaware Undergraduates from Zuckerman et al. (1991)
® College students from Cloninger et al. (1994)

©Users 18-25 years old from a community sample from Cloninger et al. (1994)

4 Baylor undergraduates from Patton et al. (1995)

¢ College students from Buss and Durkee (1957)

f Adult industrial population from Hester and Brown (1980)
€ College students from Carver and White (1994)

" Students 14—18 years old from DuPaul et al. (1997)

Seeking (TAS), Experience Seeking (ES), Disinhibi-
tion (DIS), and Boredom Susceptibility (BS). The range
of each subscale is 0-10, and the total SSS score can
range from O to 40.

The Temperament and Character Inventory (TCI; Clo-
ninger et al. 1994) is a 98-item true/false self-report in-
strument with three dimensions: novelty seeking, harm
avoidance, and reward dependence. Its development,
scoring, and psychometric properties are discussed in
Cloninger et al. (1994). We used only the novelty-
seeking subscale as the other two scales have not been
consistently related to drug use (Howard et al. 1997).
The Barratt Impulsiveness Scale (BIS; see Patton et al.
1995) contains 30 items assessing motor, attentional, and
non-planning impulsiveness. We used the total score.
The Buss—Durkee Hostility Inventory (BDHI; Buss and
Durkee 1957) is a 75-item true—false measure of impul-
sive aggression consisting of seven subscales. We ex-
amined only the verbal aggression subscale. Hostility
and anger have been associated with greater sensitivity
to nicotine’s acute mood effects (e.g., Jamner et al. 1999).
The Eysenck Personality Inventory (EPI; Eysenck and
Eysenck 1968) contains 57 items, including extraver-
sion and impulsivity subscales.

The Behavioral Inhibition Scale/Behavioral Activation
Scale (BIS/BAS; Carver and White 1994) is a 20-item
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measure of behavioral inhibition (seven items) and
behavioral activation (13 items across three subscales
combining reward responsiveness, drive, and fun seek-
ing). This measure shows good reliability and validity
(Campbell-Sills et al. 2004).

The ADHD symptoms scale (Murphy and Schachar
2000) consists of 18 items representing current atten-
tion deficit and hyperactive/impulsive symptoms. The
total score produced a single summary index of ADHD
symptoms.

The computerized stop/go task was adapted from that
developed by Logan et al. (1997). It required partic-
ipants to perform a choice reaction time task when
presented with a visual target (“go”), requiring a left or
right key press contingent on the appearance of an “X”
or an “O”, respectively. Occasional (25%) trials also
involved a subsequent auditory “stop” signal, indicat-
ing they should inhibit the key press response. The
delay (in milliseconds) between the target presentation
and the stop signal was varied until participants
inhibited the response on 50% of the stop trials. Longer
delays on stop trials indicate greater impulsivity (Logan
et al. 1997). Subjects performed four sets of 64 trials,
with an inter-trial interval of 2 s.

The computerized delay discounting task was adapted
from those used in smoking research by others (Bickel et
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al. 1999; Mitchell 1999; Ohmura et al. 2005; Reynolds
et al. 2007). Participants were given a series of choices,
in random order, between receiving $10 at some later
time versus a smaller amount available immediately.
The delay to receiving the $10 option was 1 day, 7 days,
1 month, 6 months, or 12 months. The alternative choice,
the amount of money available immediately, decreased
by $1 until the immediate amount was selected at least
twice in comparison with each of the delays in the $10
option. Participants were told that one of the choices they
made would be selected at random at the end of the
session and they would actually get the amount they
chose after the delay indicated. In actuality, one of the
immediate amounts they chose was always selected,
randomly, and the participant immediately received that
amount of money. Greater delay discounting (and im-
pulsivity) was indicated by smaller amounts of the
immediate money chosen over the various delays to
receiving $10. We used the area under the discounting
curve as the measure of discounting (i.e., smaller area
under the curve indicated greater delay discounting),
similar to procedures described by others and found to
correlate with amount of smoking (e.g., Ohmura et al.
2005). For purposes of description, the median “A”
value for the sample was 0.0076, and the “ED50”, the
inverse of k, was 131.7 days. (ED50 provides an index
of how long it takes until the delayed reward is dis-
counted by 50%; Yoon and Higgins 2008.)

10. The computerized probability discounting task was
adapted from similar tasks used in studies of drug de-
pendence (e.g., Mitchell 1999; Reynolds et al. 2007).
Participants were given a starting amount of $4 and
instructed to choose between either a “risky” option, in
which they could either gain $.50 or lose $.20, or a

“time out” involving no gain or loss of money. Re-
sponses on the risky option eventually produced a net
loss of money (i.e., three times as many $.20 losses as
$.50 gains). Greater impulsivity was indicated by the
greater percentage of risky choices. Again, participants
were told they would receive, and did receive,
whatever money they had left at the end of the task.

Impulsivity factors To reduce the number of statistical com-
parisons, the impulsivity measures were subjected to a factor
analysis, using a principal components analysis with a Promax
rotation with Kaiser normalization. Promax rotation was
chosen for its conceptual simplicity. Factors with eigenvalues
>1 were retained, yielding five factors named by the measures
loading most strongly on the factor. (See Table 3 for the factor
coefficient scores and Table 4 for the factor intercorrela-
tions.) To standardize the impulsivity factor scores, all were
converted to z scores for analyses. For most of the impul-
sivity measures, the number of missing values was small,
ranging from 0 to 2. The exceptions were the BIS/BAS
measure (n=7) and the computerized impulsivity measures
(stop/go—n=13; delay discounting—n=4; and probability
discounting—n=3), which were not included in the protocol
at the very start of the study. Measures loading most heavily
onto the five factors (with factor names in parentheses) are as
follows:

1: “Novelty seeking”: Buss—Durkee Hostility Inventory—
verbal aggression; Sensation-Seeking Scale—experience-
seeking and disinhibition subscales; and the Temperament
and Character Inventory—novelty-seeking scale

2: “Response Disinhibition”: Attention Deficit Hyperac-
tivity Disorder Scale, Barratt Impulsiveness Scale, stop/
go computer task

Table 3 Factor-analysis-generated coefficients indicating the loading of each impulsivity measure onto factors

Impulsivity factor

1 2 3 4 5
SSS experience seeking 0.807 —0.060 -0.175 —0.206 0.222
SSS disinhibition 0.670 —-0.057 0.229 —-0.059 —0.012
BDHI verbal aggression subscale 0.618 —0.027 —0.091 —0.008 —0.058
TCI: novelty seeking 0.554 0.241 0.291 —-0.070 —0.132
Stop—go task —0.164 0.921 —-0.238 —0.266 —-0.190
Barratt total score 0.128 0.707 0.150 0.156 0.042
ADHD scale 0.043 0.622 —0.006 0.490 0.218
Eysenck extraversion 0.081 0.015 0.830 —-0.201 —0.066
BIS/BAS combined reward responsiveness, drive, and fun seeking —0.100 —0.156 0.786 0.292 —0.044
BIS/BAS inhibition scale —0.190 —-0.024 0.048 0.892 —0.030
Delay discounting (area under curve) 0.144 —0.092 —0.184 0.067 —-0.850
Probability discounting (% risky choices) 0.311 —0.085 —0.287 0.409 0.552

Shown in bold are the highest factor loadings. Factor names were based on these loadings. Extraction method: principal component analysis.

Rotation method: Promax with Kaiser normalization
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Table 4 Intercorrelations among the impulsivity factors

Component 1 2 3 4 5

1 1.000 0.341 0.264 0.186 0.031
2 0.341 1.000 0.267 0.151 0.060
3 0.264 0.267 1.000 0.111 0.105
4 0.186 0.151 0.111 1.000 —0.001
5 0.031 0.060 0.105 —0.001 1.000

3: “Extraversion”: Eysenck extraversion subscale; BIS/
BAS Behavioral Activation Scale—combined reward
responsiveness, drive, and fun-seeking subscales

4: “Inhibition”: BIS/BAS Behavioral Inhibition Scale

5: “Probability/Delay Discounting”: probability discounting
and delay discounting computer tasks

Dependent measures

Nicotine sensitivity was determined by acute responses to
nicotine via spray on a variety of measures across several
response domains: self-report reward and related ratings,
subjective mood, physiological effects, performance effects,
and a choice measure of reinforcement. However, of primary
interest were the reinforcement and reward-related measures.

Nicotine reinforcement The relative reinforcing effects
of nicotine were determined by the number of nicotine
(1.25 pg/kg/spray) versus placebo sprays selected in a choice
procedure, described below in “Procedures”. Greater nicotine
choice via this procedure has been related to greater plea-
surable responses to nicotine in nonsmokers, as well as
smokers (Perkins et al. 2001b). Nicotine choice also increases
in smokers with overnight abstinence (Perkins et al. 1996),
predicts greater withdrawal severity and faster relapse in
smokers trying to quit (Perkins et al. 2002a, b), and is sen-
sitive to individual difference characteristics, including obe-
sity (Blendy et al. 2005) and genetics (Ray et al. 20006).

Reward and other spray ratings Spray ratings of nicotine
reward, incentive salience, perception, and sensory irritation
were assessed with visual analog scales (VAS), scored 0—100,
with 0 and 100 anchored by “not at all” and “extremely”,
respectively. Nicotine “reward”, or its hedonic value (Everitt
and Robbins 2005), was assessed using VAS ratings of
“liking” and “satisfying.” Incentive salience was assessed by
a similar VAS item of “want more”. Of secondary interest
were ratings of perception of the nicotine content in sprays,
assessed with VAS items “Feel the effects” and “How much
nicotine”. These measures have been shown in other re-
search to be sensitive to nicotine administration and to indi-
vidual differences in sensitivity to nicotine intake via smoking
(Perkins et al. 2001a). We also assessed nasal “irritation” via
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a similar VAS item for use as a covariate to control for
sensory irritation from the spray, which could influence re-
sponses independent of the nicotine content of the spray.

Self-reported mood Mood measures included (a) the Positive
And Negative Affect Scale (PANAS; Watson et al. 1988),
with positive and negative affect subscales; (b) the Profile of
Mood States (POMS; McNair et al. 1971), with subscales
labeled tension, anger, fatigue, vigor, depression; and (c) a
series of 12 VAS (scored 0-100) items: comfortable,
satisfied, pleasant, relaxed, buzzed, jittery, anxious, tired,
sedated, alert, stimulated, and nausea. These measures have
been shown to be reliable and have been used in many
studies of acute nicotine effects in smokers and nonsmokers
(e.g., Perkins et al. 2001a, 2003; Kalman and Smith 2005).

Physiological responses Heart rate (HR; in beats per minute),
systolic and diastolic blood pressure (BP, in millimeter Hg),
were obtained automatically by Dinamap blood pressure
recorder (Critikon Inc., Tampa, FL, USA). Cortisol was ob-
tained by saliva sample using a Sarstedt salivette (dental swab)
that was analyzed by Salimetrics, LLC (State College, PA,
www.salimetrics.com).

Performance tasks Performance tasks assessed after each
spray administration included finger-tapping performance on
two components (fast and slow), handsteadiness, Sternberg
rapid information-processing, and memory recall. Most of
these tasks, and the dose—response effects of nicotine on them
in nonsmokers as well as smokers, have been described
elsewhere (Grobe et al. 1998; Perkins et al. 1994a, 2001a)
and will be only briefly described here:

a. Finger tapping required tapping with the index finger on
one key of a computer keypad. The task involved two
contrary components, one requiring rapid responding as
quickly as possible (“fast”) and assessed as the time
needed to tap 100 times, and the other assessing ability to
delay responses to no more than once every 10-12 s. For
the latter component, which lasted 60 s, we determined
the percentage of times subjects correctly responded
within the 10-12-s time window (“slow %”). The slow
tap component, based on a similar task in Popke et al.
(2000), is a variation on a differential reinforcement of
low response rate schedule, or DRL (Mackintosh 1974),
which requires inhibition of responding, or patience.
Nicotine has been shown to increase response rate on a
DRL task in rats, thereby decreasing accuracy (percent
correct; Popke et al. 2000). The two components were
each presented three times per dosing trial, in alternating
fashion.

b. Handsteadiness was assessed by the Gardner Steadiness
Tester (Lafayette Instruments, Lafayette, IN, USA).
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c. For the Sternberg rapid information-processing task,
subjects were given one or five “target” letters to retain
in short-term memory. They then were to respond as
quickly as possible to a series of letter pairs, indicating
whether the given letter pair did (“hits”) or did not
(“correct rejections’) contain a target letter. The difference
in reaction time in milliseconds between the one- and
five-letter trials (“D-prime™) on items requiring correct
rejection (involving processing of all target letters) was
the primary measure of memory scanning speed (infor-
mation processing; Schneider and Shiffrin 1977). A
different series of target letters was used with each ad-
ministration of this task. Because responding on this task
has been shown to be improved (i.e., faster) by nicotine
in smokers under distracting conditions, involving audi-
tory presentation of non-target letters (Grobe et al. 1998),
this task was presented in the current study under both
distracting and non-distracting conditions, in random or-
der, during each dose trial.

d. Memory recall was assessed by presenting at one time a
list of 20 one-syllable nouns 5 min after dosing. Testing
for recall occurred 15 min later by presenting 40 words
(20 original and 20 new) one at a time. Different word
lists were used with each administration of this task. We
assessed total correct choices, as well as failures to iden-
tify one of the original words (“misses”) and misidenti-
fications of a new word as one of the original (“false
alarms”).

Nicotine dosing

Nicotine was administered via a nasal spray procedure de-
veloped by us and used in many studies (e.g., Perkins et al.
1986, 1994a, 2001a). Controlled nicotine dosing via tobacco
smoking is difficult to do, includes administration of thou-
sands of compounds other than nicotine, and presents very
challenging ethical and practical difficulties in research on
nicotine effects in naive participants (Pomerleau et al. 1989).
Control of dosing is reasonably good by nasal spray in non-
smokers and smokers (Perkins et al. 1994a, 2001a), can be
corrected for participant’s body weight, and results in uptake
of nicotine somewhat closer to the speed of uptake with
smoking compared to most other nicotine dosing methods
(Schneider et al. 1996).

Each participant received 0, 5, and 10 pg/kg doses, spread
over eight sprays (two at 30 s), with only one of the doses
presented on a given day. Bioavailability of nicotine from
nasal spray is about 60—-75% (Johansson et al. 1991), and
exposure to 5- and 10-pg/kg doses produces plasma nicotine
levels comparable to about 1/4 and 1/2 typical cigarette,
respectively (Perkins et al. 1994a, 2001a). We selected these

relatively low doses because these are typical of amounts
naive individuals are likely to absorb in initial experimen-
tation with smoking (Eissenberg and Balster 2000), which
we were trying to simulate in these assessments. We also
wanted to avoid adverse responses to nicotine, which are
common in naive individuals. To determine actual nicotine
exposure, a blood sample was obtained by venipuncture at
the end of each session, about 40 min after the third and last
spray administration. Samples were analyzed for plasma
nicotine concentration by gas chromatography with nitro-
gen—phosphorus detection using S-methylnicotine as the
internal standard (Jacob et al. 1981). Mean = SEM plasma
nicotine levels following the 5- and 10-pug/kg dose sessions
were 2.3+0.1 and 3.4%0.2 ng/ml, respectively.

Procedures

Subjects were first screened at an introductory session, during
which they also completed the impulsivity measures de-
scribed above and were scheduled for their physical exam.
Subjects then participated in four sessions: three to assess
nicotine sensitivity to most measures and a fourth to assess
nicotine reinforcement. Details of each assessment are
described below. The first three sessions involved repeated
administration of one of three different doses of nicotine spray
(0, 5, 10 pg/kg) per session, with the order of doses across
sessions counterbalanced. The fourth session, to assess rein-
forcement, involved choice between sprays administering
placebo (0) or 1.25 ug/kg/spray (equivalent to the 10 pg/kg
dose, which was delivered in eight sprays). Upon arrival to the
lab for each session, subjects first provided expired-air carbon
monoxide (CO) assessment (Vitalograph CO analyzer,
Breathco, Inc., Lenexa, KS, USA) to further verify absence
of any recent smoking exposure (CO<5 ppm) and breathaly-
zer assessment (Alco-Sensor III breathalyzer, Intoximeters
Inc., St Louis, MO, USA) to verify no recent alcohol intake
(BAL=0.00).

Nicotine sensitivity assessment The procedure for each 3-h
sensitivity session was identical, except for the particular
dose administered. Subjects first rested quietly for 5 min in
an armchair followed by a baseline assessment of cardio-
vascular responses, subjective mood, and then the perfor-
mance measures. This sequence of measures was repeated
for two more baseline trials, one every 30 min, to habituate
to testing. Then, this assessment sequence was repeated
another three times (three dose trials), again once every
30 min, with each assessment following nasal spray dosing.
Each dosing involved eight spray administrations and took
2 min, followed by cardiovascular and subjective measures
during minutes 3—7 post-dosing and the performance mea-
sures during minutes 8-22 post-dosing. Subjects rested com-
fortably until the subsequent dose administration. A cortisol
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sample was obtained at the end of baseline and after the third
(last) dose trial.

Nicotine reinforcement assessment At the start of the 2.5-h
choice session, participants first engaged in two “sampling”
trials. They self-administered the 0- (placebo) or 1.25-pg/kg/
spray bottles eight times each (i.e., 0 and 10 pg/kg in all,
respectively), waited 20 min, then self-administered the other
bottle eight times, in blinded fashion and counterbalanced
order. Spray bottles were marked with different colored tapes
to distinguish between them. After each set of eight sprays
was taken, blood pressure and mood measures were assessed,
but participants did not complete the other measures used in
the previous three sessions to assess nicotine sensitivity. In the
subsequent four “choice” trials, one every 20 min, participants
were allowed to select any combination of the two sprays,
such that they self-administered a total of eight sprays during
each trial. The number of times nicotine was chosen was taken
as the measure of reinforcement.

All subjects provided informed consent after the nature
and consequences of participation were explained. This
research was approved by the Institutional Review Board of
the University of Pittsburgh Medical Center.

Data analysis

All analyses were conducted using SPSS 15.0. The number of
missing values was small, ranging from 0 to 2 across all
responses. We first determined any influence of dose order
across sessions on nicotine responses but found no such order
effects, allowing us to collapse across order. The primary
dependent measures were the nicotine choice measure of
reinforcement and the nicotine reward-related ratings (liking,
satisfied, want more) obtained after each dosing. For all other
measures, the response to each dose (0, 5, 10 pg/kg) was
defined by change from pre-dose baseline to the post-dose
mean of responses averaged across the three dose admin-
istrations per session. As noted in the “Results” where
relevant, we followed up significant effects of impulsivity
factor scores on these change-score measures by determining
whether those effects might be influenced by differences in
baseline due to those factor scores (which might suggest
ceiling or floor effects; see also Perkins 1999).

Differences in responses to nicotine dose as a function of
each of the five impulsivity factors were analyzed separately
for each dependent measure using analysis of covariance
(ANCOVA). Impulsivity factor score (continuous measure)
and sex were the between-subjects factors, and dose was the
within-subjects factor. The key effects of interest were the
interactions of dose x impulsivity factor and the triple interact-
ion of dose x impulsivity factor x sex, which would suggest
differential sensitivity to nicotine dose due to impulsivity or
both impulsivity and sex. Due to the continuous nature of
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impulsivity factor scores, comparisons following up significant
dose x impulsivity factor interactions involved ANCOVAs of
impulsivity factor effects limited to specific doses (0 versus
5 ng/kg or 0 versus 10 pg/kg) and conducted with only men or
only women where sex was also significant. The measure of
sensory irritation from the spray was included as a covariate in
all analyses. Because of the numerous mood and performance
measures, analyses of effects on those responses were first con-
ducted using multivariatt ANCOVA (MANCOVA) to reduce
the number of comparisons. Significant MANCOVA results
were followed up with univariate ANCOVAs. For the choice
reinforcement measure, there was no dose effect (i.e., subjects
chose either nicotine or placebo), and so ANCOVAs analyzed
the influences of impulsivity factor and sex. For the primary
dependent measures of reinforcement and reward, we included
effect sizes (partial eta-squared values or ng) of the effect of
impulsivity factor score on reinforcement and of impulsivity
factor X dose on reward. Where the interaction also included
sex, effect sizes were presented separately for men and women.

To display the results in figures, we conducted median
splits on the distribution of each impulsivity factor score,
separately for men and women, and presented the means +
SEM for the high and low scoring subgroups for each
impulsivity factor that was significantly associated with a
nicotine response. (Scatterplots could not present results for
all three doses in a single plot and did not clearly display the
effects of interest.) To save space, the results of the follow-up
comparisons to interactions, described above, are not pre-
sented in the text but are shown in each figure by asterisks
indicating the significance of the association of impulsivity
factor score with response to nicotine (0 versus 5 ug/kg, 0
versus 10 pg/kg). (However, note that the results of follow-up
comparisons do not necessarily conform closely to the pattern
of means for the high and low subgroups in the figures as
those subgroups were not used in any analyses.)

Finally, we conducted exploratory follow-up analyses to
examine which of the individual measures loading onto an
impulsivity factor may have been responsible for the associ-
ation between that impulsivity factor and nicotine responses.
The rationale was to provide directions for future research as to
which of these measures may hold the most promise in
identifying specific characteristics of impulsivity related to
nicotine sensitivity. (To conserve space, the full results of those
exploratory analyses are not presented; we list only the indi-
vidual measures significantly related to the effects of interest.)

Results
Reinforcement and reward

Reinforcement The nicotine choice measure of reinforce-
ment was influenced by impulsivity factor 3 (extraversion),
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F(1, 119)=6.19, p<0.05, nﬁ = 0.055 and by the interaction
of sex x impulsivity factor 1 (novelty seeking), F(1, 125)=
10.04, p<0.005, nﬁ = 0.049 for men, 0.112 for women. As
shown in Fig. 1, higher scores on impulsivity factor 3 were
associated with less nicotine choice. In follow-up compar-
isons of the influence of impulsivity factor 1 scores within
each sex, higher scores on impulsivity factor 1 were
associated with significantly less choice in women but non-
significantly greater choice in men (Fig. 1). (Alternatively,
nicotine choice was significantly greater in men versus
women among those with high factor 1 scores, while there
was no sex difference among those with low factor 1 scores.)

In exploratory analyses, we examined which of the indi-
vidual measures loading on to impulsivity factors 1 and 3
were significantly related to nicotine choice. The factor 3
influence on nicotine choice reflected BIS/BAS-combined
reward score (although the Eysenck extraversion score was
marginally related to nicotine choice). The effect of sex x
factor 1 on choice reflected the interactions of sex with Buss—
Durkee score, with SSS—experience-seeking score and with
TCIl—novelty-seeking score.

Reward and related ratings The interaction of dose X
impulsivity factor 1 (novelty seeking) was significant for
nicotine ratings of satisfying (reward) and want more (in-
centive salience), F(2, 250)’s=3.37 and 3.39, respectively,

Nicotine Choice and Impulsivity Factor 1

(Novelty Seeking)
20 Men 20 Women
*
15 4 15 4
10 4 10 4
54 5 4
0 1 0

Nicotine Choice and Impulsivity Factor 3
(Extraversion)

O Low Subgroup 204
m High Subgroup
15 *
10 -
5 J
0

Fig. 1 Mean (SEM) number of times nicotine sprays (versus placebo
sprays) were chosen in the choice measure of reinforcement
(maximum possible of 32), by high and low subgroups on factors 1
(novelty seeking) and 3 (extraversion), and, where relevant, by sex.
Data analyses involved regressions of continuous factor scores on the
continuous response of nicotine choice, but results are presented here
by high and low subgroups for ease of display. Asterisks indicate
significant differences between subgroups. *p<0.05

both p<0.05, ng = 0.036 and 0.035, respectively. Satisfying
was also influenced by the interaction of dose x sex x
impulsivity factor 2 (response disinhibition), (2, 224)=3.43,
p<0.05, 7% = 0.005 for men, 0.070 for women. (All of
these effects are shown in Fig. 2 separately by sex because
of the apparent consistency in the pattern of effects for these
two factors and reward, although the interaction effects of
dose x sex x impulsivity factor 1 on satisfying and on want
more were just marginally significant, (2, 250)’s=2.58 and
2.49, respectively, both p<0.10). As shown in Fig. 2, the
follow-up comparisons within each sex showed that the asso-
ciation of factor 1 scores with nicotine’s effects on want more
and satisfying were significant in men but not in women.
However, higher factor 2 scores were associated with
decreases in satisfying due to nicotine in women but not in
men (Fig. 2).

The rating of feel the effects (nicotine perception) was
influenced by the interaction of dose x impulsivity factor 5
(probability/delay discounting), F(2, 244)=3.26, p<0.05, and
by dose x sex x factor 1, F(2, 250)=3.26, p<0.05. As also
shown in Fig. 2, higher scores on impulsivity factor 5 were
associated with greater feel effects in response to 5 pg/kg,
but not 10 pg/kg, nicotine. Lower scores on impulsivity
factor 1 tended to be associated with larger feel effects in
response to the 5-pg/kg dose among men versus women, but
follow-up comparisons of factor 1 effects within each sex
were not significant (Fig. 2).

Exploratory analyses focused on the individual measures
loading on to impulsivity factors 1, 2, and 5. The interaction
effects of dose X factor 1 (novelty seeking) on satisfying and
want more, noted above, generally reflected the influences of
the SSS—experience seeking, TCl—novelty seeking, and
Buss—Durkee Hostility scores; SSS—disinhibition had no
effects. The interaction of dose x sex x factor 2 (response
disinhibition) on satisfying reflected the influence of Barratt
Impulsivity Scale score; the ADHD scale and stop/go task had
no significant effects. Finally, the influences of impulsivity
factor 1 and factor 5 (probability/delay discounting) on feel
the effects reflected the influence of Buss—Durkee score and
probability discounting, respectively; the other measures
loading on to impulsivity factors 1 and 5 were not signi-
ficantly related to these ratings.

Other nicotine effects

Mood In the MANCOVAs of mood responses, impulsivity
factor 2 (response disinhibition) interacted with dose and with
dose % sex, F(24, 424)’s=3.46 and 3.66, respectively, both p<
0.001. None of the other four impulsivity factors was signi-
ficantly related to mood responses in MANCOVA analyses,
and so were not examined further. In follow-up univariate
analyses, the interaction of dose x impulsivity factor 2 was
significant for the following mood responses: POMS scales
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“Want More” and Impulsivity Factor 1

“Satisfying” and Impulsivity Factor 1

"Satisfying” and Impulsivity Factor 2
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Fig. 2 Mean (SEM) dose-response effects of nasal spray nicotine (in
microgram per kilogram) on self-report measures of incentive
motivation (“want more”), reward (“satisfying”), and nicotine
perception (“feel effects”), by sex and by high and low subgroups
on impulsivity Factors 1 (novelty seeking), 2 (response disinhibition)

of depression and anger, F(2, 224)=7.63 and 16.32,
respectively, both p<0.001; POMS fatigue, F(2, 224)=4.06,
p<0.05; PANAS-negative affect, F(2, 224)=6.56, p<0.005;
VAS items of buzzed and stimulated, F(2, 224)=3.09 and
3.43, respectively, both p<0.05; and VAS relaxed, F(2, 224)=
5.62, p<0.005. In addition, the triple interaction of dose x sex
x impulsivity factor 2 was significant for POMS fatigue, F(2,
224)=12.89, p<0.001; PANAS-positive affect, F(2, 224)=
3.31, p<0.05; VAS-stimulated, F(2, 224)=3.58, p<0.05; and
VAS nausea, F(2, 224)=10.23, p<0.001.

Representative findings are displayed in Fig. 3. As shown
there, higher scores on impulsivity factor 2 were associated
with greater increase in anger and less decline in relaxed in
response to nicotine (versus placebo). Among women, but
not men, higher factor 2 scores were associated with greater
decrease in fatigue and less decrease in stimulated in response
to nicotine. In subsequent analyses, we found that factor 2
and the interaction of factor 2 x sex were associated with
baseline levels of several of these mood measures. However,
all of the above effects on mood responses to nicotine
remained significant after covarying for baseline levels,
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and 5 (probability/delay discounting). Shown are responses showing
significant effects of impulsivity factor x dose or impulsivity factor x
dose x sex. Asterisks indicate significant differences due to impulsiv-
ity factor scores in the response to nicotine (5 or 10 pg/kg) versus
placebo (0). Other details as in Fig. 1

except that the effect of dose x sex x impulsivity factor 2
on VAS-stimulated became marginally significant (p<0.10).

In exploratory analyses of the individual measures loading
on to impulsivity factor 2, the interaction effects on mood
involving factor 2 generally reflected the influence of Barratt
Impulsivity and ADHD scale scores; the stop/go task loading
onto impulsivity factor 2 did not relate to these mood
responses to nicotine.

Performance tasks Similar to the mood results, only im-
pulsivity factor 2 was significantly related to performance
tasks in MANCOVAs as the interaction of dose X factor 2
was significant, F(26, 418)=1.53, p<0.05. In follow-up
univariate analyses, the interaction of dose X factor 2 in-
fluenced memory recognition (words missed), F(2, 222)=
3.16, p<0.05; fast tapping, F(2, 222)=2.96, p=0.05; and
DRL (slow tapping %), F(2, 222)=3.28, p<0.05. As shown
in Fig. 4, lower scores on impulsivity factor 2 were as-
sociated with poorer memory performance (more words
missed). Follow-up comparisons of factor 2 scores with
finger tapping or DRL responding were not significant. In
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Fig. 3 Mean (SEM) dose—

response effects of nicotine on
representative mood responses,
by high and low subgroups on

impulsivity factor 2 (response 07

disinhibition) and, where rele- 21
vant, by sex. Data are changes -4
from baseline. Shown are sig- -6-
nificant associations from the 8.
univariate analyses following up
the significant results of the -10-
multivariate analyses. *p<0.05, -12+
**p<0.01, ¥***p<0.001. Other 14
details as in Figs. 1 and 2 164
-18-

“Anger” and Impulsivity Factor 2
(Response Disinhibition)

54

subsequent analyses, we found no baseline differences due
to impulsivity factor 2 on these performance measures.

In the exploratory analyses of the individual measures
loading onto impulsivity factor 2, memory recognition was
influenced by Barratt Impulsivity Scale score and ADHD
scale score. No individual measures were significantly related
to fast or slow tapping.

Physiological responses HR was influenced by the interaction
of dose x impulsivity factor 3 (extraversion), (2, 230)=3.22,
p=0.05. Diastolic blood pressure (DBP) was influenced by the
interactions of dose x sex X impulsivity factor 1, F(2, 242)=
4.50, p=0.01, and of dose X sex x impulsivity factor 4
(inhibition), F(2, 230)=3.78, p<0.05. No factors were related
to SBP or to cortisol response. As shown in Fig. 5, higher
scores on impulsivity factor 4 (i.e., greater inhibition) were
associated with greater DBP response to the 5-pg/kg dose in
men but not in women. The other follow-up comparisons of
factor 1 scores with DBP by sex and factor 3 scores with HR
were not significant. In subsequent analyses, we found no

“Relaxed” and Impulsivity Factor 2
(Response Disinhibition)

“Fatigue” and Impulsivity Factor 2
(Response Disinhibition)

4 - Men 4 Women

*k%k  hk%k

“Stimulated” and Impulsivity
Factor 2 (Response Disinhibition)

Men 10- Women

sk 10+

0 5 10 0 5 10

= 0O =Low Subgroup == High Subgroup

baseline differences due to these impulsivity factor scores, or
of factor scores X sex, on these physiological measures.

In exploratory analyses, no individual measures loading
onto impulsivity factor 3 were significantly related to HR.
DBP was influenced by the Buss—Durkee score and SSS—
disinhibition score, both loading on to impulsivity factor 1.
Because impulsivity factor 4 largely comprises the BIS/BAS
inhibition scale, the above effect of factor 4 on DBP reflects
the influence of the BIS/BAS inhibition score.

Discussion

Our primary objective in this study was to examine the
relationship between several dimensions of impulsivity and
initial sensitivity to the reinforcing and rewarding effects of
nicotine. Of secondary interest were associations of impul-
sivity with other nicotine effects that may help explain
nicotine reward and reinforcement in naive individuals. Our
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Fig. 4 Mean (SEM) dose-re- Words # Missed and Impulsivity
sponse effects of nicotine on Factor 2 (Response Disinhibition)
memory recall, fast-tapping 15 -
speed, and DRL (“slow tap%7) *k
task performance, by high and
low subgroups on impulsivity
factor 2 (response disinhibition).
Data are changes from baseline.
Positive values indicate poorer
memory recall (number of 01-
words missed), slower fast-tap-
ping speed (time in seconds to
emit 100 taps), and better DRL
performance (greater accuracy 1
in responding within 10-12 s
time window). Other details as
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findings should be considered exploratory, given the rela-
tively small sample and the large number of impulsivity
factors and comparisons examined. However, we found that
higher scores on factor 1 (novelty seeking) were differen-
tially related to nicotine reinforcement and reward between

Fig. 5 Mean (SEM) dose—
response effects of nicotine on
heart rate (beats per minute) and
DBP (millimeter Hg), by high
and low subgroups on impul-
sivity factors 1 (novelty seek-
ing), 3 (extraversion), and 4
(inhibition), and, where relevant,
by sex. Other details as in

Figs. 1, 2 and 3

Heart Rate and Impulsivity Factor 3
(Extraversion)

men and women, decreasing reinforcement in women but
not in men and increasing reward in men but not in women.
Similarly, higher factor 2 (response disinhibition) scores
decreased reward in women but not in men. We also found
that scores on factor 3 (extraversion) were inversely related

DBP and Impulsivity Factor 1
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to nicotine reinforcement regardless of sex. Although these
results require replication, they identify specific compo-
nents of impulsive personality traits that may relate to initial
sensitivity to nicotine reward and reinforcement, and they
also provide the first evidence for gender heterogeneity in
these effects. Results theoretically could help explain how
some facets of impulsivity may promote or deter escalation
of tobacco use and onset of dependence among those with
some tobacco exposure.

Secondarily, we were interested in associations of impul-
sivity with other responses to nicotine that may in turn
influence reward and reinforcement. Fewer associations were
found, although factor 2 (response disinhibition) was related
to mood and performance effects of nicotine. Again, however,
as with the association of factor 2 with reward, noted above,
these associations with mood often differed between men and
women, suggesting some consistency in the pattern of factor 2
effects across reward and mood measures of acute nicotine
effects. Few nicotine responses were related to the other
impulsivity factors, including factors 4 (inhibition) and 5
(probability/delay discounting).

Our findings are largely consistent with the few other pro-
spective studies showing that characteristics related to im-
pulsivity (e.g., sensation-seeking) are associated with greater
sensitivity to nicotine (Perkins et al. 2000) and amphetamine
(Hutchison et al. 1999; Kelly et al. 2006) in non-dependent
young adults. Together, these findings give credence to the
notion that impulsivity may increase drug abuse vulnerabil-
ity by enhancing initial sensitivity to at least some stimulant
drugs. Yet, our results address a fairly narrow question, whether
personality characteristics related to impulsivity are associated
with initial sensitivity to nicotine reward and reinforcement; our
purpose was not to demonstrate a causal chain from impulsivity
to nicotine dependence risk. Impulsivity could directly or
indirectly increase risk of nicotine dependence or be broadly
related to risk of all drug use (Kopstein et al. 2001; Kreek et al.
2005), independently of its association with greater sensitivity
to particular drug responses.

It is also important to note that these relationships may hold
only during initial exposure to nicotine, and the association of
these impulsivity factors with nicotine responses could
change as exposure escalates (i.e., during onset or persistence
of dependence; Krishnan-Sarin et al. 2007; McClernon et al.
2008). Indeed, with novelty seeking, for example, height-
ened reactivity would be expected only in response to novel
stimuli such as drug administration in a naive individual
rather than in a drug-experienced individual. Prior research
has shown that sensation-seeking relates to nicotine sensi-
tivity in nonsmokers, as in this study, but not in smokers
(Perkins et al. 2000), whose chronic tolerance likely limits
the variability in sensitivity to be explained by other factors.
Similarly, preclinical research shows that rodent strains most
sensitive to nicotine upon initial exposure often acquire the

greatest tolerance to nicotine with chronic exposure (Marks
et al. 1991).

Contrary to expectations, however, impulsivity factor 3
(extraversion) was inversely related to nicotine reinforcement.
If reliable, this finding could suggest that extraversion does
not increase risk of dependence by enhancing initial rein-
forcement from nicotine and must act via some other
mechanism. Alternatively, it may be that extraversion in our
sample of nonsmoking young adults reflects something
different from extraversion in teens likely to experiment with
cigarettes. Similarly, the computer tasks loading onto impul-
sivity factor 5 (probability/delay discounting), which have
been shown to be sensitive cross-sectionally to smoking status
or amount (Bickel et al. 1999; Mitchell 1999; Ohmura et al.
2005), were not associated with initial nicotine sensitivity in
nonsmokers in this study, except for feel the effects (Fig. 2).
Therefore, these tasks may be more predictive of differences
associated with chronic smoking exposure, rather than as
predictors of initial sensitivity to nicotine. Such tasks are also
sensitive to acute effects of stimulant drug administration
(e.g., deWit and Richards 2004), and future research on
initial nicotine sensitivity should determine whether these
tasks may be more informative as dependent measures (i.e.,
responses to nicotine) than as independent variables (i.e.,
predictors of nicotine sensitivity).

Several of the associations of impulsivity factors with
nicotine reinforcement and reward differed by sex. Higher
novelty seeking (factor 1) was related to reduced nicotine
reinforcement (choice) in women, but not in men. Alterna-
tively, among those with high but not low factor 1 scores,
nicotine reinforcement was greater in men versus women.
Higher scores on measures related to novelty seeking and
response disinhibition (factor 2) tended to be associated with
greater nicotine reward in men but less reward or no difference
in women. Recent animal research similarly suggests that
individual differences in novelty seeking may influence drug
reinforcement differentially as a function of sex (e.g., Davis et
al. 2008). Our findings could help explain prior research
showing greater nicotine reward and reinforcement in men
compared to women (Perkins et al. 1999, 2002a, b; Perkins
2008). This sex difference may be partly due to the greater
overall levels of novelty seeking or response disinhibition in
men versus women, as found in many normative studies (see
Table 2). In other words, the sex differences in nicotine re-
ward and reinforcement may result from factors that covary
with sex, rather than necessarily being due directly to sex per
se (see also Perkins 2004).

The methods of this study, many of them novel, allowed
for perhaps the clearest test to date of the association between
impulsivity measures and initial sensitivity to nicotine in
humans. A key strength of this study was the prospective
assessment of nicotine responses, which included standard-
ized measures of mood and responses to nicotine other than
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self-report, as opposed to the exclusively retrospective self-
report of early responses to nicotine via smoking in past
studies of initial sensitivity to nicotine (e.g., Pomerleau et al.
1998). Other strengths of this study included the controlled
dosing of nicotine doses corrected for body weight, inclusion
of placebo and more than one dose of nicotine, and use of
nasal irritation as a covariate. We employed 12 measures of
impulsivity and then created five homogeneous factors in an
attempt to fully characterize dimensions related to impulsiv-
ity. We also corroborated subject self-report of no or limited
tobacco exposure history with reports by friends or family
who were familiar with the subjects’ past, eliminating about
one in four prospective participants whose reports of
minimal tobacco use was not be corroborated. Verification
that subjects were naive to nicotine increases confidence that
their responses to acute nicotine administration reflected their
initial sensitivity, unaltered by onset of chronic tolerance due
to more extensive smoking.

This study also had several limitations. First, we included
young adults, rather than adolescents, due to ethical and
practical concerns about giving nicotine to naive adolescents.
Adolescence is the age at which those who become smokers
usually experience initial exposure, and impulsivity may have
more influence on nicotine sensitivity at this age. Second, our
sample may have been relatively homogeneous, despite the
sample size of 131. For example, these young adults tended to
be highly educated (Table 1). We also excluded those with
more than ten lifetime uses of tobacco to rule out the presence
of chronic tolerance to nicotine, as well as those with current
or past drug, alcohol, or psychiatric problems. Consequently,
the range of subject responses on the impulsivity measures
(Table 2) may have been narrow, making it more difficult for
us to observe associations between the impulsivity factor
scores comprising these measures and nicotine sensitivity.

In a third limitation, some of these findings may have
occurred by chance, given the five impulsivity factors and
four primary dependent measures of liking and satisfying for
reward, want more for incentive salience, and the choice task
of reinforcement, as well as our interest in interactions of dose
with sex. The reward-related variables were single-item
measures, which may make them less stable than multi-item
measures. Moreover, the similarity in the associations of
satisfying with both factors 1 and 2 (Fig. 2) may be partly due
to the intercorrelation of 0.341 between the two factors
(Table 4). We attempted to minimize the number of a priori
comparisons by focusing on reward and reinforcement, and
we used multivariate analyses of mood and performance ef-
fects to further reduce the likelihood of chance findings.
However, we included a large number of impulsivity mea-
sures and nicotine responses because of the lack of prior
findings in this area that could narrowly focus our efforts.
We view this research as exploratory in nature and requiring
substantial more attention to identify reliable conclusions on

@ Springer

the association of impulsivity characteristics and initial nico-
tine sensitivity.

In addition, despite its strengths, our nicotine administra-
tion procedure is also a limitation of the study. Sensitivity to
nicotine via nasal spray may not relate to sensitivity to nico-
tine via cigarette smoking, although one study with smokers
suggests generally comparable acute mood responses to nico-
tine between these methods (Perkins et al. 1994b). A more
rapid uptake of nicotine by smoking, or stimuli accompany-
ing smoking (e.g., taste, smell) but not nasal spray, may in-
fluence initial sensitivity to nicotine intake by smoking in naive
individuals. The doses used were fairly low to simulate amounts
consumed during cigarette experimentation (Eissenberg and
Balster 2000), i.e., the typical nicotine intake during initial
exposure in the natural environment. The influence of im-
pulsivity on nicotine sensitivity may be more apparent in acute
testing with larger doses of nicotine. Finally, nicotine
administration was presented solely under standardized neutral
environmental conditions, and the context of early exposure to
nicotine may be very influential in determining responses to
that exposure (e.g., Perkins 1999).

In summary, initial sensitivity to nicotine reward and rein-
forcement was associated with impulsive personality charac-
teristics related to novelty seeking, response disinhibition, and
extraversion, but many of these associations differed between
men and women. Characteristics loading on to the other
factors examined—inhibition and probability/delay discount-
ing—had little association with nicotine sensitivity. Future
research should investigate initial sensitivity to a variety of
nicotine responses via other methods of administration,
especially cigarette smoking, and in more diverse samples of
nicotine naive individuals who may have more widely va-
rying levels of impulsivity. Results could identify directions
for targeting efforts at primary prevention of tobacco use to
particularly vulnerable children and adolescents, and findings
could increase our understanding of why nicotine is reinforc-
ing and rewarding in naive users.
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