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Abstract

Robust associations have been identified between impulsive personality characteristics and
cigarette smoking during adolescents, indicating that impulsive behavior may play an important
role in the initiation of cigarette smoking. The present study extended this research by using
laboratory behavioral assessments to explore relationships between three specific dimensions of
impulsive behavior (impulsive decision-making, inattention and disinhibition) and adolescent
cigarette smoking. Participants were male and female adolescent smokers (n = 50) and
nonsmokers (n = 50). Adolescent smokers were more impulsive on a measure of decision-making;
however, there were significant smoking status by gender interaction effects for impulsive
inattention and disinhibition. Male smokers were most impulsive on the measure of inattention,
but male smokers were least impulsive on the measure of disinhibition. Correlations between
biomarkers of smoking and impulsive inattention and disinhibition were found for females but not
males. The current findings, coupled with previous findings (Reynolds et al., 2007), indicate there
may be robust gender difference in associations between certain types of impulsive behavior and
cigarette smoking during adolescence.

Impulsivity is a multidimensional construct that is often linked to various forms of addiction
(including cigarette smoking, e.g., Fillmore & Rush, 2002; Mitchell, 1999; Reynolds,
2006b) as well as a variety of other clinical diagnoses (e.g., Gauggel, Rieger & Feghoff,
2004; Heerey et al., 2007). Impulsivity has been broadly defined as “human behavior
without adequate thought, the tendency to act with less forethought than do most individuals
of equal ability and knowledge, or the predisposition toward rapid, unplanned reactions to
internal or external stimuli without regard to the negative consequences of these reactions”
(International Society for Research on Impulsivity; http://impulsivity.org/). Research
specifically targeting associations between impulsivity and adolescent cigarette smoking has
identified robust associations between self-report assessments of impulsivity and smoking.
Adolescent smokers generally score more impulsively on these assessments than adolescent
nonsmokers (e.g., Forgays, 1986; Tercyak et al., 2003; Zuckerman et al., 1990). Such robust
associations may indicate that being highly impulsive is a risk factor for the initiation of
smoking.
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Little adolescent cigarette smoking research related to impulsivity has included laboratory
behavioral assessments of impulsive behavior. These behavioral assessments utilize tasks
that assess the actual behaviors of interest rather than a participant’s self reports of behavior.
Recent research using behavioral assessments provide evidence that impulsivity can be
conceptualized as at least three separate dimensions of behavior that include decision-
making, inattention and disinhibition (Reynolds, Penfold & Patak, 2008). Typically,
correlations between behavioral and self-report measures of impulsivity are low (e.g.,
Heyman & Gibb, 2006; Lane et al., 2003) or not significant (e.g., Krishnan-Sarin et al.,
2007; Reynolds et al., 2004; Reynolds, Penfold & Patak, 2008). This lack of association may
be due to differences in the breadth/specificity of behaviors assessed by behavioral and self-
report methods, with behavioral assessments modeling more specific behavioral processes
(see Reynolds et al., 2006). However, as with self-report assessments, behavioral measures
confirm that adult addicted populations are often more impulsive than non-addicted control
participants (e.g., Bickel et al., 1999; Crean et al., 2000; Lejuez et al., 2003; Madden et al.,
1997; Mitchell, 1999; Moeller & Dougherty, 2002; Petry & Casarella, 1999; Reynolds,
2006; Reynolds et al., 2004; Vuchinich & Simpson, 1998), thus demonstrating the relevance
of these procedures for drug use and abuse research.

Of these three behavioral dimensions, impulsive decision-making includes assessments that
require the individual to decide between delayed versus immediate or probabilistic versus
certain outcomes (i.e., delay discounting or risk taking). A number of studies have found a
relationship between these types of measures and cigarette smoking status, with smokers
generally being more impulsive than nonsmokers. For measures of delay discounting, these
findings have been especially robust—as demonstrated for a variety of discounted
commaodities such as monetary or health outcomes (see Bickel & Marsch, 2001, and
Reynolds, 20064, for reviews). For example, adult smokers discount the value of delayed
monetary rewards more than never smokers (e.g., Baker, Johnson & Bickel, 2003; Bickel,
Odum, & Madden, 1999; Mitchell, 1999; Ohmura, Takahashi, & Kitamura, 2005; Reynolds,
2006b; Reynolds et al., 2004). This finding also has been replicated among adolescent
smokers and nonsmokers (Audrain-McGovern et al., 2004; Reynolds et al., 2007). Adult
smokers also discount the value of health gains and losses more steeply by delay than never
smokers (Odum, Madden & Bickel, 2002); and smokers are more impulsive on measures of
risk taking, which involves decisions about uncertain outcomes but does not involve delay
(e.g., Lejuez et al., 2003).

While impulsive decision-making has been well researched in the context of substance
abuse, and cigarette smoking more specifically, impulsive inattention and disinhibition have
received much less emphasis. Of these two dimensions, inattention involves the inability to
maintain alertness and receptivity for a particular set of stimuli or stimuli changes over time
(e.g., Davies, Jones, & Taylor, 1984). Measures of inattention differentiate individuals
diagnosed with attention deficit hyperactivity disorder (ADHD) from non-clinical control
participants (e.g., Losier, McGrath, & Klein, 1996; Epstein et al., 2003); however, there has
been little research on the association between impulsive inattention and substance abuse.
One study has shown that overnight abstinence from smoking (among adult smokers)
increases omission and commission errors, representing higher levels of inattention (Sacco
et al., 2005). Also, another study found that adult smokers diagnosed with ADHD had
poorer performance on a measure of inattention during a period of smoking abstinence than
non-ADHD control smokers who also were abstaining (McClernon et al., 2008).
Additionally, there have been acute nicotine effects on inattention. For example, adult
smokers being treated with a nicotine patch had significantly better attention compared to
smokers in a placebo condition (Poltavski & Petros, 2006). Collectively, these studies
demonstrate acute withdrawal or nicotine effects on inattention, but no research has more
generally compared smokers and nonsmokers using laboratory assessments of inattention.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2011 November 7.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Fields et al.

METHOD

Page 3

By contrast, impulsive disinhibition emphasizes ability to inhibit inappropriate or unwanted
behaviors, which has been related to conditions such as ADHD (e.g., Castellanos et al.,
2000), externalizing disorders (Krueger et al., 2002; Krueger et al., 2007) and drug addiction
(e.g., Fillmore & Rush, 2002). As with inattention, very little research has compared
smokers and nonsmokers with measures of disinhibition, but acute nicotine effects on this
facet of behavior have been found in participants diagnosed with ADHD—uwith nicotine
acutely reducing disinhibition in this population (Potter & Newhouse, 2004). For the one
study that has compared smokers and nonsmokers there was an un-hypothesized interaction
between gender and smoking status: male smokers had significantly shorter stop reaction
times (i.e., less impulsive responding) than male nonsmokers, a pattern that was not
observed for female smokers and nonsmokers (Reynolds et al., 2007). The authors suggested
the interaction may have reflected nicotine-based improvements in task performance for
male smokers only.

Using laboratory behavioral tasks, the current study compared these three dimensions of
impulsive behavior (i.e., impulsive decision-making, inattention and disinhibition) in male
and female adolescent smokers and nonsmokers. Secondarily, we explored possible gender
interactions as this has not been examined extensively in the previous literature. Two self-
report assessments of impulsivity also were included for comparison purposes. Because of
the lack of similar previous research, it was generally hypothesized that adolescent smokers
would be more impulsive than nonsmokers across these behavioral and self-report
assessments.

Participants

Measures

Participants in this study were male and female adolescent smokers and nonsmokers
recruited from the central Ohio area through posted advertisements, newspaper
advertisements and word of mouth referrals. An initial phone screening was conducted to
determine eligibility. Participants in this study ranged in age between 13 and 17 years and
self-reported smoking four or more cigarettes per day for at least the preceding three months
(smokers) or never smoking (nonsmokers). Once at the laboratory, each participant provided
samples of breath and urine to verify smoking status. The breath sample was tested for CO
content using a Micro 4 Smokerlyzer (Bedford Scientific, Kent, United Kingdom), and the
urine sample was tested for cotinine content using a homogenous enzyme immunoassay
(Graham-Massey Analytical Labs, New haven, CT). Participants that were classified as
smokers had cotinine levels of > 200 ng/ml. Participants classified as nonsmokers had CO
levels of < 5 ppm and cotinine levels of < 50 ng/ml.

Laboratory Behavioral Assessments

Experiential Discounting Task (EDT; Reynolds & Schiffbauer, 2004): The EDT is a
real-time adjusting amount procedure designed to assess delay discounting (i.e., impulsive
decision-making). EDT assessments have been compared between adult smokers and
nonsmokers (Reynolds, 2006b); however, performance on this measure has not yet been
compared between adolescent smokers and nonsmokers. Participants completed four blocks
of choices between a delayed and probabilistic (35% chance of receiving) standard amount
($0.30 delayed by 0, 7, 14, or 28s) and an adjusting smaller amount that was immediate and
certain. Each block of choices assessed discounting for one of the four delays, and the order
of the choice blocks was counterbalanced across participants. As a real-time assessment all
choice consequences (delay, probabilities and rewards) were experienced during the testing
session, that is, while the participant was still making choices. Following each reward
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delivery, participants “banked” their money to proceed to the next choice. Immediately
following each banking response the money was delivered from a coin dispenser located on
the table at which the participant was seated, and the participant kept all of the earned
money as part of his or her participation payment. Indifference points were determined for
each delay assessed, which were used to determine a discounting curve for each participant.
See Reynolds and Schiffbauer (2004) for more description of the EDT and participant
instructions for this measure. Participants earned approximately $12 from completing the
EDT.

Conners’ Continuous Performance Test — 11 (CPT -11; Conners, 2004): The CPT-ll isa
computerized task designed to measure sustained attention. Participants were asked to left
click a computer mouse as quickly as possible when letters other than the letter X were
presented (target stimulus) on the screen and to refrain from responding when the letter X
(non-target stimulus) was presented. The time between each stimulus (target and non-target)
was varied between 1, 2 or 4 seconds, and the task took approximately 15 minutes to
complete. The outcome measures used in this study were designed to indicate inability to
sustain attention and included number of omissions, number of commissions, and hit
reaction time (raw scores). High numbers of omission errors (not responding to target
stimuli) and/or commission errors (responding to non-target stimuli) as well as high hit
reaction times (slow rate of response) reflect inattention.

Go/Stop Task (Dougherty et al., 2003): The Go/Stop Task was designed to assess
impulsive disinhibition (see Dougherty, Mathias, Marsh, & Jagar, 2005). Participants were
presented a series of three digit numbers on a computer screen (e.g. ...436 ...256 ...256 ...
822) with a 1s blank screen separating each three digit number. Participants completed 240
trials (2 blocks of 120) in which they were instructed to respond as quickly as possible by
left clicking a computer mouse when a matching three digit number appeared (go signal),
which occurred for 50% of the numbers. Participants earned $0.05 for each go-signal
response that occurred while the matching number was visible (400ms) but lost $0.05 for
“late” responses that occurred after the number disappeared (after 400ms). The participant
lost $0.10 for responses to non-matching numbers.

For a randomly selected 25% of the go-signal trials, the second matching number changed
colors from black to red, thus indicating a stop trial. Participants were instructed to inhibit
left-click responses when the go-signal numbers changed colors (stop-signal). Participants
earned $0.05 for each successfully inhibited response following a color change but lost
$0.05 for failures to inhibit. Stop-signal color changes happened after different intervals
within 400 ms of a go signal. These stop-signal intervals adjusted according to task
performance. Interval lengths decreased (i.e., occurred more quickly during the go-signal)
following failures to inhibit, thus making it easier to stop for the next trial; however, interval
lengths increased following successful inhibition, thus making it more difficult to stop for
the next trial. Stop-signal intervals continued to adjust in this way until the participant was
able to successfully inhibit on approximately 50% of the stop-signal trials. At this 50%
criterion, the stop signal reaction time (SSRT) was calculated by subtracting the stop-signal
delay (at which inhibition was at approximately 50%) from the go reaction time (Go RT; the
average interval for a participant to respond to go signals). From this calculation, longer
SSRT values (measured in milliseconds) reflected behavioral disinhibition and impulsivity.
See Dougherty et al. (2003) for participant instructions. Participants earned between $0 and
$4 for completing the Go/Stop Task.
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Self-Report Assessments

Barratt Impulsiveness Scale — Adolescent (BIS-11-A; Fossati et al., 2002): The BIS-11-
A is a 30 item self report questionnaire designed to measure impulsiveness. Items are on a 4-
point scale (1 = rarely/never to 4 = almost always/always). The BIS-11-A is an adaptation of
the adult BIS-11 (Patton, Stanford, & Barratt, 1995). The original adult version of the
BIS-11 consisted of three sub-factors (motor impulsiveness, nonplanning impulsiveness, and
attentional impulsiveness); however, due to the high intercorrelations among the sub-factors
for adolescents, it has been recommended that total scores are the most appropriate index of
impulsivity for this age group. Higher total scores reflect greater impulsivity. Past research
has found that the BIS-11-A has good internal consistency in adolescent samples (alpha =
0.78; Fossati et al., 2002). Alpha for the current data set was lower (alpha = 0.58).

Conners-Wells® Adolescent Self Report Scale — Long Form (CASS: L; Conners, 2001):
The CASS:L is an 87 item self-report questionnaire designed for use with adolescents to
measure factors related to ADHD symptoms. Respondents rated items on a 4-point rating
scale (0 = “not true at all” to 3 = “very often, very frequently”). The CASS:L has been
shown to have high internal reliability (alpha = 0.75 — 0.95), good test-retest reliability (r =
0.73 - 0.89) and good criterion validity (Conners et al., 1997). Internal consistency for the
current data set was high (alpha = 0.96).

For the purposes of this study, the ADHD index score and the DSM-IV symptom subscales
(inattention and hyperactivity) from the CASS:L were used. The ADHD index is used to
identify adolescents at risk for having ADHD. The DSM-1V symptom subscales correspond
to the official diagnostic criteria in the Diagnostic and Statistical Manual — Fourth Edition
(DSM-1V) for ADHD separated into the two categories of inattention and hyperactivity
(Conners, 2001). Results of a confirmatory factor analysis (Conners et al., 1997) provide
evidence for the two distinct factors. However, these two categories also can be combined to
derive an overall ADHD index score. Raw scores on these subscales are converted to T-
scores, with higher scores reflecting more attention or hyperactivity problems.

All data collection took place in a human-behavior laboratory at the Research Institute at
Nationwide Children’s Hospital, Department of Pediatrics, The Ohio State University.
Institutional Review Board approved consent and assent forms were reviewed and signed by
all participants. Following parental consent/adolescent assent, participants were tested for
breath CO levels and then completed a brief demographic questionnaire, the self-report
measures as well as a widely used measure to estimate 1Q, the Kaufman Brief Intelligence —
Second Edition (KBIT2; Kaufman & Kaufman, 2004). Following completion of self-report
measures, participants completed the laboratory behavioral tasks, with task order
counterbalanced across participants. Participants were then escorted to a private restroom
where they were asked to provide a urine sample (unobserved) in a provided collection cup.
Urine samples were frozen until they could later be assayed for cotinine content. Participants
were then debriefed and paid for their participation. All laboratory sessions were conducted
between the hours of 12:00 p.m. and 7:00 p.m.

Statistical Analyses

An area-under-the-curve (AUC) method, as specified by Myerson, Green, &
Warusawitharana (2001), was used to characterize data from the EDT. From the AUC
method, smaller AUC values reflect greater discounting and impulsivity. The AUC data
were inspected for normality using Shapiro-Wilk tests and were transformed using a log-10
function to improve normality.
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All analyses were performed using SPSS 15.0. Demographic characteristics were compared
using one-way ANOVAs for continuous variables and Chi-square for categorical variables.
Outcomes from the laboratory behavioral measures (AUC value for the EDT, CPT-II
subscale scores and SSRT values from the Go/Stop Task), and also the self-report measures
of impulsivity, were compared using separate between subject two-way ANOVAs. Smoking
status and gender were the grouping variables. Significant effects were further explored
using LSD post hoc analyses. Pearson correlations were performed to examine associations
between study variables.

As secondary analyses, the between subject two-way ANOVASs were re-run with any
identified demographic group differences controlled as covariates. These analyses were
intoned to explore the significance of findings related to the laboratory behavioral measures
above and beyond what might be accounted for by group differences in demographic
characteristics.

Participant demographic data are presented in Table 1. No differences were found between
groups on age or ethnicity. In terms of participant median income, male nonsmokers had
significantly higher median annual income than male smokers and females (smokers and
nonsmokers). There were no significant differences between any of the other groups. With
respect to 1Q, male nonsmokers had significantly higher 1Q scores than male smokers and
females (smokers and nonsmokers). Female smokers had significantly lower 1Q scores than
female nonsmokers. No other group differences were found for 1Q.

In comparing smokers and nonsmokers, smokers had significantly higher CO and cotinine
levels compared to the nonsmokers, thus providing verification of smoking status
classifications. Also, some of the self-report measures differentiated smokers and
nonsmokers. The smokers were more impulsive on the BIS-11-A, and they also had higher
overall scores on the ADHD subscale of the CAAS:L assessment. There were no significant
interactions between smoking status and gender for these measures.

Dependent Measures

EDT—There was no significant interaction between gender and smoking status for the

EDT; nor was there any main effect for gender for this measure. However, the smokers
discounted significantly more (i.e., performed more impulsively) than did the nonsmokers
(Figure 1; F = 3.81, p < .05). However, after controlling for group differences in 1Q and
median income level, the smoking status effect found for the EDT was no longer statistically
significant.

CPT-lI—A significant smoking status x gender interaction effect was found for number of
omissions (Figure 2; F = 6.96, p < .05). Male smokers had significantly more omissions than
male nonsmokers (p < .001) and females [both smokers and nonsmokers (p’s < .001)]. There
were no significant differences among any of the other groups for number of omissions.
Also, a significant main effect of smoking status was found for omissions (F = 10.10, p <.
01). Specifically, smokers had a greater number of omissions than nonsmokers, which
would be accounted for by the high number of omissions committed by male smokers. There
also was a significant effect of gender on number of omissions (F =12.52, p <.001). Males
made more errors of omission than females, again accounted for by male smokers.
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There was no interaction or main effect of smoking status found for number of commissions.
However, there was a significant group effect for gender (Figure 3; F = 15.81, p <.001).
Males made more errors of commission than females.

As with omissions, there was a significant smoking status x gender interaction for hit
reaction time (Figure 4; F = 7.18, p < .01). Male nonsmokers had significantly faster hit
reaction times than male smokers (p < .05) and females [both smokers (p < .05) and non-
smokers (p < .001)]. There were no significant differences among any of the other groups on
hit reaction time. Also, there was no main effect of smoking status for hit reaction time;
however, there was a significant group effect for gender (F = 4.55, p < 0.05), with males
having faster hit reaction times than females. All findings for the CPT-II remained
significant after controlling for group differences in 1Q and median income level.

Go/Stop Task—A significant smoking status x gender interaction effect also was found
for SSRT values (Figure 5; F = 11.34, p <.001). Male nonsmokers had significantly slower
SSRT values (i.e., more impulsive) than male smokers (p < .05), female smokers (p < .05),
and female nonsmokers (p < .05). Also, female smokers had significantly slower stop signal
reaction times than female nonsmokers (p < .05) and male smokers (p < .05). There were no
main effects for smoking status or gender for the Go/Stop Task. Again, all findings for the
Go/Stop Task remained statistically significant after controlling for group differences in 1Q
and median income level.

As a secondary analysis to determine if these gender effects might be attributed to gender
differences in the number of cigarettes smoked or average time since last cigarette, we
conducted one-way ANOVAs for smoking rate and time since last cigarette with gender as
the grouping variable. Males and females did not differ significantly in average number of
cigarettes smoked (F = 0.001, p = 0.98) or average time since last cigarette (F = 1.38, p =
0.25).

Correlation Analyses

Breath CO was not correlated with any of the measures of impulsivity; however, cotinine
level was positively correlated with number of omissions on the CPT-11 (r = 0.24, p < .05)
and SSRT values on the Go/Stop Task (r = 0.21, p <.05). As a set of secondary analyses,
these correlations were calculated separately for males and females. Again, CO was not
correlated with any of the measures of impulsivity. However, level of cotinine was
positively correlated with number of omissions (r = 0.49, p < .01) and SSRT values (r =
0.50, p <.01) in females. These associations were not observed in males.

Table 2 shows the Pearson correlation matrix for the measures of impulsivity. The EDT was
not correlated with any other measures. All subscales of the CPT-I1 were positively
correlated. Also, number of omissions was positively correlated with the inattention and
hyperactivity subscales of the CAAS: L; however, neither number of commissions nor hit
reaction time was correlated with any of the self-report measures. The Go/Stop Task was not
correlated with any other measures. All self-report measures were correlated with each
other.

DISCUSSION

The current study was conducted to compare behavioral assessments of impulsive decision-
making, inattention and disinhibition, as well as self-report measures of impulsivity,
between male and female adolescent smokers and nonsmokers. It was hypothesized that
adolescent smokers would perform more impulsively on the behavioral and self-report
measures. The results indicated that on some of the different laboratory behavioral
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assessments the relationships between smoking status and impulsivity were dependent on
the gender of the participant. However, with the self-report measures there were smoking
status main effects as hypothesized with no interaction effects involving gender.

Across the different behavioral dimensions of impulsivity assessed for this study, varying
effects were identified. For delay discounting, smokers discounted more by delay (i.e.
performed more impulsively) than nonsmokers, and there were no significant gender effects
or gender by smoking status interaction effects. This finding is consistent with what has
been previously reported for the EDT in adult smokers and nonsmokers (Reynolds, 2006b).
For impulsive inattention, male smokers appeared to be most inattentive. That is, male
smokers had more errors of omission (more impulsive inattention) than all other groups
(male nonsmokers and female smokers and nonsmokers). A similar effect was found for hit
reaction time on the CPT-11: Male smokers had slower hit reaction time values than all other
groups except female nonsmokers. By contrast, for the behavioral measure of disinhibition
(Go/Stop Task), male smokers appeared to be the least impulsive group. That is, male
smokers had shorter SSRT values than all other groups (male nonsmokers and female
smokers and nonsmokers).

For the self-report measures of impulsivity, results were more directly aligned with smoking
status. Smokers had higher scores than nonsmokers on both the BIS-11-A and the ADHD
subscale of the CASS:L. While these results are different from those of the behavioral
measures for inattention and disinhibition, this difference should perhaps not be surprising.
For the current data set, the self-report measures of impulsivity correlated highly with each
other but did not correlate as highly with any of the behavioral measures. Similar previous
findings have been reported from studies comparing self-report and behavioral measures of
impulsivity. For example, studies specifically exploring associations between the BIS-11-A
and the CPT-11 and Go/Stop Task have found little association between these measures (e.g.,
Reynolds et al., 2007; Reynolds, Penfold, & Patak, 2008). This lack of association between
self-report and behavioral assessments is consistent with the view that these methods
measure different aspects of impulsive behavior, or different levels of breadth/specificity.
The divergent findings based on smoking status between self-report and behavioral methods
also are consistent with this conclusion.

The interaction effects between gender and smoking status observed with some of the
behavioral measures are noteworthy. The relationship between smoking status and impulsive
inattention has been relatively unexplored. Therefore the finding that male smokers were
more impulsive on this dimension of behavior is a new finding and may indicate that
inattention is more a risk factor for smoking in males than females. However, the findings
with behavioral disinhibition are consistent with previously reported results (Reynolds et al.,
2007). Specifically, male smokers had significantly shorter SSRT values (less impulsive) on
the Go/Stop task than male nonsmokers. It was suggested previously that the effects of
nicotine may have improved inhibition in male smokers. This suggestion may still be
tenable; however, in the current study a significant correlation between cotinine content (a
metabolite of nicotine) and SSRT values was found for females but not for males. Higher
cotinine levels (i.e., associated with heavier smoking) were associated with poorer
performance in females. This finding would suggest that heavier smoking among females
may be linked with reduced inhibition, an effect not observed in male smokers.
Alternatively, greater disinhibition in females may lead to heavier smoking, again an
association that would not be observed in males.

It is notable that there was no interaction between smoking status and gender on the EDT,
suggesting that among smokers or nonsmokers males and females had similar patterns of
discounting. One difference between the EDT as measure of decision-making and the other
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behavioral measures included in this study (CPT-1l and Go/Stop Task) is that making
choices on the EDT was not time-contingent. That is, participants could take as long as they
liked to make a choice between the two choice options. By contrast, response times, or
ability to withhold responses, were timed for the CPT-I1 and Go/Stop Task. This timed
performance aspect of these measures may have increased the likelihood of gender
differences or nicotine effects for these measures over the EDT. Future research might
explore the relationship between gender and performance on time-contingent procedures.

Research is limited on the interaction between smoking and gender using these behavioral
measures of impulsivity; still, some research has examined gender and nicotine interactions.
For example, in humans, females administered acute nicotine have higher brain metabolism
during a Continuous Performance Task (similar to the CPT-II of the current study) than
males in a variety of brain regions (e.g. cortical and subcortical prefrontal system, dorsal
prefrontal cortex, posterior medial thalamus, nucleus accumbens, etc.; Fallon et al., 2005).
Using animal models, female rats have different rates of nicotine metabolism and receptor
changes than male rats after nicotine exposure (Koylu et al., 1997; Pogun, 2001). Also,
independent of nicotine, there are differences between males and females in brain activation
during Stop paradigm procedures (Similar to the Go/Stop Task of the current study).
Specifically, males and females differed in the region of brain activation while completing a
Stop Task, despite having similar patterns of behavioral performance. Furthermore, males
used a greater number of brain regions than females during this task (Li et al., 2006). Taken
together, these results lend support to the idea that there are likely different mechanisms of
action for nicotine, and different regions of brain activation associated with impulsive
inattention and disinhibition, between males and females that may contribute to the gender
specific findings of the current and previous studies (Reynolds et al., 2007). Future
prospective research (initiated prior to any substantial use of nicotine) is needed to
determine if, in fact, the initiation and progression of cigarette smoking during adolescence
is associated with (a) inattention in males and (b) deterioration of behavioral inhibition in
females. Conversely, such research may identify improved inhibition in males as well.
However, this study did not find associations between biomarkers of smoking and impulsive
disinhibition in males.

For the current study, the smoking status effect was no longer significant for the EDT when
participant 1Q and median income were controlled as covariates. This finding indicates that
these variables may contribute to this smoking status effect. While this is an important
consideration when interpreting these results, this finding does not eliminate delay
discounting as a factor related to adolescent cigarette smoking. Of these variables (i.e.,
discounting, 1Q, and income), it is notable that delay discounting is the only variable that
can be considered a behavior. As such, findings related to delay discounting may provide
comparatively more information for the tailoring of cigarette smoking prevention or
treatment strategies, even if rate of delay discounting is partially driven by a person’s IQ
and/or income.

This study is not without limitations. While all measures indicating smoking status (i.e., CO
and cotinine) showed that males and females smoked similarly, there were no measures of
level of withdrawal or level of addiction. It is possible, for example, that males and females
differed systematically in degree of withdrawal, although there were also no gender
differences in time since last cigarette. Future studies should examine the effect of
withdrawal, or level of addiction, on the interaction between gender and smoking status on
these behavioral measures. Another important limitation of this study was the use of a cross-
sectional design, which limits ability to posit cause or affect relationships. Future
prospective research may help to determine causal directions between amount of smoking
and task performance.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2011 November 7.
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In conclusion, we found differing and unexpected results between laboratory behavioral
measures of impulsivity and self-report measures. These findings highlight the importance
of including both types of assessments in research exploring relationships between
impulsive behavior and cigarette smoking, or dug use more generally. In addition to
distinctions between behavioral and self-report assessments, previous research indicates that
among the behavioral assessments the construct of impulsivity is made up of several distinct
dimensions (Lane et al., 2003; Reynolds, Penfold, & Patak, 2008; Sonuga-Barke, 2002).
From the current study, the different patterns of findings across the measures of impulsive
decision-making, inattention and disinhibition underscore the importance of considering
associations between these different dimensions of impulsive behavior and cigarette
smoking. This more inclusive approach may stand to more fully characterize the complex
relationships between impulsive behaviors and cigarette smoking during adolescence.
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