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Abstract

Aims—To evaluate delay discounting and self-reported impulsive behavior in a sample of
adolescents experimenting with cigarette smoking compared with adolescents who had never
smoked or were daily smokers.

Setting—Columbus, Ohio, a city of approximately 780,000

Participants—A sample of 141 male and female adolescents with a mean age of 15.37 (SD =
1.09) years.

Measurements—~Primary measures included a computerized assessment of delay discounting, a
self-report assessment of impulsivity (BIS-11-A), and verifications of cigarette smoking status
(breath CO and urinary cotinine level).

Findings—Smokers discounted more by delay and had higher impulsivity scores than non-
smokers. Experimenters had scores intermediate to those of smokers and non-smokers on both
measures. In some analyses the difference between experimenters and non-smokers was
significant, with experimenters showing greater delay discounting, but in no case did
experimenters differ significantly from the smokers.

Conclusions—Young people who experiment with cigarettes appear to be similar to those who
smoke regularly in terms of tendency to discount future gains and report impulsive tendencies, and
generally higher in these traits than non-smokers.

INTRODUCTION

Cigarette smoking remains a serious public health concern and is frequently cited as a top
preventable cause of death in the United States (e.g., [1]). Initial experimentation with
smoking, and also the progression to more regular patterns of smoking, occurs primarily
during adolescence [2, 3]. Therefore, research with adolescent populations is necessary to
better define risk factors for cigarette smoking, including environmental (e.g., [4]), genetic
(e.g., [5, 6]), and behavioral (e.g., [7, 8]) factors.

Delay discounting, which is often defined as a form of impulsive behavior, is one potential
behavioral risk for cigarette smoking during adolescence. As a behavioral variable, delay
discounting describes the extent to which an individual discounts the value of an outcome
because of a delay to its occurrence. Assessments of delay discounting typically require
participants to make choices between smaller rewards available immediately (e.g., $4) and
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more valuable rewards (e.g., $10) available after a specified delay (e.g. [9]). A choice
pattern reflecting comparatively more choices for smaller immediate rewards at the expense
of larger but delayed rewards indicates impulsive choice. In such cases, the individual may
be behaviorally under-controlled by temporally distal events or long-term outcomes and
instead be greatly influenced by immediate circumstances and outcomes.

Robust relationships have been identified between delay discounting and many forms of
addiction and substance use (see [10, 11], for reviews), with drug users (including cigarette
smokers) discounting more by delay than never-addicted control participants. For example,
alcoholic samples discount more impulsively on laboratory assessments of delay discounting
than demographically matched non-alcoholic samples (e.g., [12, 13]). However, one study
[14] found that a group of currently-abstinent alcoholics (abstaining from alcohol use on
their own for at least 30 days) were intermediate in their rates of discounting between active-
and never-alcoholic participants. Similarly, numerous studies have shown that cigarette
smokers discount more by delay than never smokers (e.g., [15, 16]); however, one study
[17] found that past smokers who had been abstinent from smoking for at least five years
discounted similarly to never smokers. These findings involving abstinent drug users
suggest the relationship between delay discounting and drug use may be linked to how
recently drugs have been used.

The low rates of delay discounting (i.e., less impulsive discounting) observed in abstinent
drug users [14, 17] raise questions about this variable as a behavioral risk factor for drug
use. That is, if the high rates of discounting observed in drug-using populations do not
predate substantial use of drugs then delay discounting may not be a risk factor for substance
use. Alternatively, these findings with abstinent samples may indicate that drug users who
discount least by delay (within the variability of delay discounting existing among drug-
using populations) are more likely to quit using drugs. Consistent with the latter suggestion
are several findings that low rates of delay discounting are associated with better treatment
outcomes for adult and adolescent cigarette smokers who are trying to quit smoking [18,

19].

Research specifically exploring delay discounting as a risk for cigarette smoking, or,
inversely, nicotine effects on delay discounting, has yielded mixed results. Several studies
have demonstrated that adolescent cigarette smokers discount more by delay than adolescent
non-smokers [20-22], although the effect size for delay discounting between smokers and
non-smokers may be smaller for adolescents than for adults [15]. In one of these studies,
delay discounting also was evaluated prospectively as a predictor of initiation and
progression of smoking among adolescents [20]. While smokers discounted more than non-
smokers at baseline, delay discounting was not a significant predictor of smoking
progression over time. However, a more recent finding by this group showed that delay
discounting did, in fact, predict initiation of smoking from mid adolescence into early
adulthood [23]. Similarly, non-human animal research has not demonstrated consistent
nicotine effects on delay discounting, with some studies showing acute nicotine increases in
delay discounting [24] but others showing opposite effects [25].

For the present study, we recruited and evaluated delay discounting in a sample of
adolescents who reported recently experimenting with cigarette smoking for the first time.
These “experimenters” were at increased risk for progression to more regular patterns of
smoking by virtue of their experimentation with cigarettes [e.g., [26]]. However, there
would not likely be sufficient history of smoking by these adolescents to bring about
smoking-related, or nicotine, effects on delay discounting. For comparison purposes, two
additional groups of gender-matched adolescents were recruited based on smoking status:
(@) non-smokers or experimenters and (b) daily smokers. It was hypothesized that if delay
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discounting is a risk factor for experimentation with smoking (and therefore a risk factor for
progression to more regular smoking) that the group of experimenters would discount
similarly by delay to the group of daily smokers and discount more than the group of non-
smokers. Alternatively, if delay discounting is not a risk factor for initial use of cigarettes,
then the experimenters would discount less by delay than the daily smokers and similarly to
the non-smokers. As designed, the present study should provide greater insight into the
possible role of discounting as behavioral risk factor for cigarette smoking.

For additional comparisons, a self-report measure of impulsivity appropriate for adolescents
(BIS-11-A) was included. Findings with this assessment sometimes parallel delay
discounting findings [27] but other times provide unique findings [28]. Including this
measure stood to provide additional information concerning impulsive behavior defined
more generally as it relates to experimentation with smoking. Of note, the current findings
for BIS-11-A between non-smokers and smokers have been published previously [27];
however, the present findings pertaining to experimentation with smoking have not been
published.

A community sample of adolescent non-smokers (n = 50), experimenters (n = 41), and
smokers (n = 50) was recruited from the central Ohio area through posters, advertisements in
a local newspaper, and word-of-mouth referrals. An initial phone screening was conducted
to determine eligibility before inviting participants to the laboratory. Those eligible for
participation were between 13 and 17 years of age and self-report (a) never smoking or
experimenting with cigarettes (for the non-smokers), (b) experimenting with cigarettes (no
more than three cigarettes total) for the first time within three months of our screening
(experimenters), or (c) smoking one or more cigarettes per day at the time of screening and
for at least the preceding three months (smokers). Those being screened were not made
aware of these inclusion criteria.

To verify smoking status participants provided both breath and urine samples. Breath
samples were analyzed for carbon monoxide (CO) content (Micro 4 Smokerlyzer; Bedford
Instruments, Bedford Scientific, Kent, United Kingdom). Non-smokers were required to
have CO levels < 5ppm, whereas smokers were required to have CO levels > 9 ppm. Urine
samples were used to determine cotinine content (a metabolite of nicotine) by homogeneous
enzyme immunoassay at Graham-Massey Analytical Labs in New Haven, CT. Non-smokers
were required to have quantitative cotinine values < 50 ng/ml, and smokers to have values >
200 ng/ml. Because of their low reported smoking levels, experimenters were expected to
have CO and cotinine levels similar to non-smokers. However, one outlier included in
analyses met criteria as an experimenter on self-report and CO assessments but had a
cotinine value of 453ng/ml. Before participation, a parent or legal guardian provided
informed consent, and the adolescent provided informed assent. This research was approved
by the Institute Institutional Review Board of the Research Institute at Nationwide
Children’s Hospital.

Demographics—~Participants completed a short demographic questionnaire designed for
use in this study. Included were queries for age, gender, race, and smoking patterns. There
also were questions pertaining to other drugs used by the adolescent and how often these
substances were used over the previous six months. The residential zip code of each
participant was recorded and later used to determine median household income for each zip-
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code region of residence based on 2000 U.S. Census data for Columbus, OH [29]. 1Q was
assessed using the Kaufman Brief Intelligence Test — Second Edition [30].

Session Environment—Testing sessions were conducted at the Research Institute at
Nationwide Children’s Hospital, Department of Pediatrics, The Ohio State University. Each
participant completed his or her session individually in a private room equipped with a desk,
office-type chair, and a Dell Pentium desktop PC equipped with speakers, mouse, and
keyboard.

Dependent Measures

Procedure

Question Based Delay Discounting Measure (DDQ; [31])—For this measure,
participants were presented choices between $10 available after a specified delay (i.e., 1, 2,
30, 180, or 365 days) and a smaller amount available immediately (e.g., “would you rather
have $10 in 30 days or $2 now?”). This computerized task was an adjusting amount
procedure (adjusting the immediate amount in increments of + $0.50) used to derive
indifference points between the delayed-standard and immediate-adjusting options for each
of the five delays assessed. An indifference point reflected the smallest amount of money an
individual chose to receive immediately instead of the delayed standard amount ($10) at the
specific delay. The choice questions were presented using a titration procedure that was
determined by participant choices, with each participant making approximately 60 choices
total. Indifference points across the different delays were characterized with an area under
the curve (AUC) method [32], with smaller area values indicating greater discounting by
delay and greater impulsivity. Participants were told that their answers to the questions were
important because at the end of the session one question would be selected and honored—
resulting in either immediate or delayed money. See [33] for participant instructions for the
DDQ.

Barratt Impulsiveness Scale — Adolescent (BIS-11-A; [34])—The BIS-11-Aisa 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 [35]. However, due to high inter-correlations 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 (o = 0.78;
[34]). However, alpha for the current data set was lower but still marginally acceptable (o =
0.59).

Upon participants’ arrival to the laboratory, consent and assent were obtained. Breath and
urine samples were then collected for determination of CO and cotinine levels, respectively.
Urine samples were collected in a private bathroom close to the laboratory using specially
designed, heat-sensitive specimen containers for determining the temperature of samples
immediately after being obtained. Participants then completed all of the self-report
assessments, which required ~20 min. Participants then completed a battery of laboratory
behavioral tasks (including the Go/Stop task and measures of sustained attention and delay
discounting), with a 5-min break following the first two assessments. Task order was
counterbalanced across all participants. Only data from the measure of delay discounting are
presented here, with much of the data from the other behavioral assessments being published
already [27].
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Data Analysis

RESULTS

Again, the AUC method [32] was used to characterize data from the DDQ. From the AUC
method, smaller values reflect greater discounting and impulsivity. The AUC data were
inspected for normality using a Fisher’s skew statistic., To improve normality, these data
were log-10 transformed, and after transformation, the AUC data were determined to be
adequately normal—uwith a Fisher statistic > —2 and < 2.

SPSS (Version 17.0) was used for all statistical analyses. One-way analyses of variance
(ANOVAS) were used to compare participant demographic data across smoking-status
groups. An exception was race, which is a categorical variable and was compared across
smoking status groups using Spearman chi-square test. All dependent measures were
compared using separate between-subjects two-way ANOVAs. For these analyses, smoking
status and gender were the grouping variables. In cases where there were significant group
differences on demographic variables that may represent confounds, these variables were
entered as covariates in follow-up ANOVA analyses to determine if the observed effects
existed above and beyond what might be accounted for based on demographic differences.
Partial eta squares (npz) were calculated as estimates of effect size. Based on Cohen’s
conversion [36], an values near .0099 reflect a small effect size, .0588 a medium effect size,
and .1378 a large effect size. Finally, correlations were calculated using Pearson r
coefficients to determine associations between measures.

Participant Characteristics

DDQ

BIS-11-A

Participant demographic data are presented in Table 1. The non-smokers and experimenters
had significantly lower breath CO and urinary cotinine levels than did smokers, thus
verifying smoking status. The non-smokers and experimenters did not differ in their levels
of CO or cotinine. Also, the non-smokers had higher 1Q scores than the experimenters and
smokers, with the experimenters and smokers not differing significantly in I1Q scores. The
three groups differed on self-reported alcohol and marijuana use. The non-smokers reported
the least use and the smokers the greatest use of these substances. Experimenters reported
intermediate levels of use between the non-smokers and smokers. The only instance of
regular use of these substances was from the smokers, who reported on average consuming
marijuana monthly or weekly.

There were no significant interactions between gender and smoking status for the DDQ, nor
were there any main effects of gender. However, a main effect was found for smoking status
[F=6.961, p=.001, an = 0.095], which based on the npz represents a medium effect size.
Specifically, the smokers and experimenters discounted significantly more than the non-
smokers (see Figure 1). There was no significant difference between experimenters and
smokers on rate of discounting.

These analyses were re-evaluated controlling for group differences on variables other than
smoking status. Smoking status main and post hoc effects remained significant after
controlling for 1Q [F = 5.439, p =.021, npz =0.051], age [F = 7.401, p = .001, npz =0.101],
and use of alcohol or marijuana [F = 3.528, p = .032, an =0.052] as statistical covariates.

As with the DDQ, there were no significant interactions between gender and smoking status
for the BIS-11-A, nor were there any main effects of gender. However, there was a main
effect for smoking status [F = 5.624, p = .005, an =0.077], representing a medium effect
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size. Specifically, smokers had significantly higher scores (i.e. more impulsive) on the
BIS-11-A than non-smokers (see Figure 2). There was a trend for non-smokers to have
lower scores than experimenters on the BIS-11-A. There was no significant difference
between experimenters and smokers.

Covariate analyses revealed that both main and post hoc results for the BIS-11-A remained
statistically significant after controlling for 1Q [F = 4.110, p =.019, an =0.058] and age [F
=6.277, p =.002, npz = 0.086], but not after controlling for alcohol or marijuana use [F =
1.874, p = .158, ny? = 0.028].

Analyses for the DDQ and BIS-11-A were run again excluding data from the experimenter
who had an unusually high cotinine level (described above). All results were the same in
terms of statistical significance except the post-hoc difference for the DDQ between non-
smokers and experimenters, which approached significance (p = .059).

From Table 2, several interesting correlations emerge. The DDQ and BIS-11-A were not
correlated; however, the DDQ was correlated with reports of marijuana use (but not alcohol
use) and the BIS-11-A with alcohol use (but not marijuana use). In both cases, greater
impulsivity with each measure was associated with more use of marijuana or alcohol. The
DDQ also was correlated with 1Q. Among the smokers (n = 50), cotinine and breath CO
levels were significantly correlated (r = .51, p =.001), but neither the DDQ nor BIS-11-A
was correlated with cotinine or CO level.

DISCUSSION

The goal of the present study was to evaluate delay discounting and self-reported
impulsivity in a sample of adolescents experimenting with cigarette smoking. With both
assessments, results generally indicated that adolescents experimenting with smoking were
more like daily smokers than non-smokers, though this effect only approached significance
with the self-report measure. For both delay discounting and ratings on the BIS-11-A the
effect sizes were generally in the medium range as defined by Cohen [36]. Approximately
10% of the variance in smoking status was accounted for by delay discounting, and
approximately 8% of the variance in smoking status was accounted for by the BIS-11-A. .

The current finding for delay discounting suggests that discounting is associated with initial
experimentation with cigarettes and is therefore likely a risk factor for cigarette smoking.
Put another way, this finding does not support the hypothesis that smokers, for example,
discount more by delay than non-smokers [e.g., 15— 17] as a consequence of their smoking.
This result contributes to the delay discounting/cigarette smoking literature by highlighting
that adolescents experimenting with smoking (who have not been studied before in terms of
delay discounting) are more like established smokers than they are like non-smokers.
However, it should be noted that while experimenters were more like smokers than non-
smokers in their delay discounting they were still intermediate between these two other
groups. Therefore, the experimenters were not equivalent to smokers. But, this intermediate
pattern of discounting by experimenters maybe should have been expected. For example,
while at increased risk of becoming established smokers, these experimenters were not yet
smokers. That is, some of these experimenters would become smokers and others would not.
It is possible that experimenters who discount most are more likely to move on to more
regular patterns of smoking.

Additional analyses revealed that delay discounting was associated with self-reported
marijuana use and that the BIS-11-A was associated with frequency of alcohol consumption,
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but the reverse associations were not significant. Also, smoking status effects for the
BIS-11-A were reduced to non-significance when use of marijuana and alcohol were
controlled as a covariate. In terms of possible drug effects on delay discounting it is worth
noting that the findings for delay discounting based on cigarette smoking status remained
statistically significant even after controlling for other substance use. Additionally, there is
evidence that use of marijuana and alcohol may have little effect on delay discounting [37,
31]. As such, it is unlikely that there were marijuana or alcohol effects on delay discounting
in this sample.

Also, the measures of delay discounting and the BIS-11-A were not significantly correlated,
even though both instruments are considered assessments of impulsive behavior. Possible
reasons for the lack of correlation between behavioral and self-report measures have been
discussed previously (e.g., [38]) and may include (a) the measure of delay discounting
assessing a more narrowly defined behavior (i.e., delay-related devaluation) than the
BIS-11-A and/or (b) differences in measurement variability based on participant ability to
accurately make choices for delayed or immediate money versus ability to accurately rate
his or her own behavior on the BIS-11-A (especially for adolescents). However, even with
these differences in assessment method, it is notable that the general pattern of findings was
consistent across the measures of delay discounting and self-reported impulsivity, thus
suggesting robustness of effect based on smoking status.

Also of interest were patterns of association from the measure of 1Q. As reported previously
[39], 1Q scores were significantly correlated with delay discounting. Participants with higher
1Q scores discounted less by delay than participants with lower scores. Additionally,
experimenters and smokers had lower 1Q scores than non-smokers, but did not themselves
differ. This pattern of 1Q scores across smoking-status groups is strikingly similar to the
pattern of findings for delay discounting. Taken together, these results illustrate a linkage
between 1Q scores and delay discounting at both individual (i.e., correlation) and group
levels. However, smoking-status effects remained statistically significant for delay
discounting even after controlling for group differences in 1Q scores.

The current study is not without limitations. For example, the cross-sectional design of this
research is limited in terms of conclusions about progression of smoking over time. Also,
there is no established range of cotinine or CO levels to verify that an adolescent has
recently experimented with cigarettes. In fact, one experimenter had an elevated cotinine
level (but not CO level) compared to what we would expect for non-smokers, which drew
into question this person’s exposure to nicotine. However, it is worth noting that this
individual’s cotinien level (453 ng/ml) was low when compared with established smokers,
with an average cotinine level >1200 ng/ml. Removing this participant from analyses had
only minimal effects, but it did reduce the difference in delay discounting between non-
smokers and experimenters. Not collecting more date on other possible exposures to nicotine
(e.g., environmental tobacco smoke, smokeless tobacco) is a limitation of this research. .

Despite limitations, the present findings point to the likelihood that delay discounting is a
risk factor for initial use of cigarettes among adolescents. Extending from this work, future
prospective research might explore delay discounting in the progression from
experimentation with cigarettes to more regular patterns of smoking as one of several
recognized risk factors (e.g., stress, parental monitoring, having peer friends who smoke) to
determine the relative contributory role of delay discounting in the progression of cigarette
smoking among at-risk adolescents.
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Figure 1.

Mean (£ SEM, denoted by error bars) log-10 transformed total area-under-the-curve (AUC)

values between Non-Smokers, Experimenters, and Smokers on a question based delay
discounting measure (DDQ). Larger negative values denote greater discounting and
impulsivity.
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Figure 2.

Mean (+ SEM, denoted by error bars) total impulsivity ratings on the Barratt Impulsiveness
Scale—Adolescent (BIS-11-A) between Non-Smokers, Experimenters, and Smokers. Larger
values denote greater impulsivity.
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Table 1
Participant Demographics and Drug Use (N = 141)

Non-Smokers  Experimenters  Smokers

Demographics

Sex (n; male:female) 17:33 15:26 17:33

Age [years; M (SD)] 15.1 (1.10), 15.3 (1.06), 15.7 (1.06),

Race (n; white:black:other) 23:22:5 18:19:2 22:26:2

Annual Household Income ($; Median)a 58,933.00 56,589.00 50,766.00

Carbon Monoxide [ppm; M (SD)] 1.90 (1.33), 2.05(1.22), 11.04 (7.49),

Cotinine [ng/ml; M (SD)] 1.58 (8.81), 15.4 (72.43), 1278 (833),

KBIT2[IQ; M (SD)] 100.4 (14.4),  91.2 (14.44), 87.8 (14.2),
Drug Useb

Alcohol [M (SD)] 0.36 (0.53), 1.17 (0.92), 1.87 (1.16),

Marijuana [M (SD)] 0.14 (0.40), 1.00 (1.12), 2.85 (1.76),

Note. Means in the same row that do not share the same subscript differ at p < .05.
ELI'he median annual household income was calculated based on average income for postal zip code region of the participant’s residence.

Drug use was assessed with the following question: “Thinking about the past six months, how often have you used the following substances?”: 0
= never tried, 1 = tried, 2 = used 1-2 times per month, 3 = use once a week, 4 = use 2—-4 times per week, 5 = use 5 or more times per week.
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