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Abstract

Although higher delay discounting rates have been linked to cigarette smoking, little is known about
the stability of delay discounting, whether delay discounting promotes smoking acquisition, whether
smoking contributes to impulsive choices, or if different relationships exist in distinct subgroups.
This study sought to fill these gaps within a prospective longitudinal cohort study (N=947) spanning
mid adolescence to young adulthood (age 15 to 21 years old). Smoking and delay discounting were
measured across time. Covariates included peer and household smoking, academic performance,
depression, novelty seeking, inattention and hyperactivity/impulsivity symptoms, and alcohol and
marijuana use. The associated processes Latent Growth Curve Modeling (LGCM) with paths from
the delay discounting level factor (baseline measure) and the trend factor (slope) to the smoking trend
factor (slope) fit the data well, X2(19, n=947) = 15.37, p=.70, CFI=1.00, RMSEA=0, WRMR=.36. The
results revealed that delay discounting did not change significantly across time. Baseline delay
discounting had a significant positive effect on smoking trend (3=.08, z=2.16, p=.03). A standard
deviation (SD=1.41) increase in baseline delay discounting resulted in an 11% increase (OR=1.11,
95% ClI=1.03, 1.23) in the odds of smoking uptake. The alternative path LCGM revealed that
smoking did not significantly impact delay discounting (p’s > .05). Growth Mixture Modeling
identified three smoking trajectories: nonsmokers, early/fast smoking adopters, and slow smoking
progressors. Delay discounting was higher in the smoking versus nonsmoking trajectories, but did
not discriminate between the smoking trajectories, despite different acquisition patterns. Delay
discounting may provide a variable by which to screen for smoking vulnerability and help identify
subgroups to target for more intensive smoking prevention efforts that include novel behavioral
components directed toward aspects of impulsivity.
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1. Introduction

Impulsivity is an important factor influencing cigarette smoking as well as other substances of
abuse (Kreek et al., 2005; Mitchell, 1999). It can be defined, in part, by delay discounting,
which describes the tendency to discount the value of a reward as a function of the length of
delay to its delivery (Madden, 2000). Individuals who score higher on measures of delay
discounting prefer more immediate rewards at the expense of larger rewards later (Monterosso
and Ainslie, 1999). Across substances of abuse, current substance abusers discount delayed
rewards more rapidly than non-users or controls (Kirby et al., 1999; Madden et al., 1997). For
example, current smokers tend to discount future monetary reinforcers more than ex-smokers
and nonsmokers (Bickel et al., 1999), while light and heavy smokers do not differ in their
discounting rates for either money or cigarettes (Johnson et al., 2007). However, little is known
about the stability of delay discounting across time (state versus trait), whether delay
discounting promotes smoking acquisition, whether smoking contributes to impulsive choices,
or if different relationships exist in distinct subgroups.

Is delay discounting a state that may change across time or does it reflect a stable disposition?
Within-subjects designs suggest that delay discounting is stable across a 3-month period in
healthy young adults (21 years old) (Ohmura et al., 2006) and stable across at least 1-week in
nicotine dependent smokers (age 31 years). Between-group cross-sectional comparisons of
young adolescents (age 12), young adults (average age 20 years old), and older adults (average
age 70 years old) indicate that young adolescents discount monetary rewards more steeply than
young adults, who discount at a faster rate than older adults (Green et al., 1994). Research to
date has not prospectively examined in a within subject manner whether delay discounting is
stable over longer periods of time or developmental periods.

Likewise, only cross-sectional data are available regarding delay discounting, smoking and
other substance use. For example, smokers who smoke more cigarettes have higher rates of
delay discounting (Reynolds, 2004). Similarly, impulsivity positively correlates with smoking
frequency in high school students (Lewinsohn et al., 2000). College students who reported an
earlier age of smoking onset had higher delay discounting rate (Kollins, 2003). However, cross-
sectional data do not permit a determination of the temporal precedence between smoking and
delay discounting. Animal models of delay discounting and substance use have found that rats
exhibiting a greater rate of delay discounting acquired cocaine self-administration faster (Perry
et al., 2005), suggesting that delay discounting may precede substance use. Alternatively,
animal models have not consistently shown that acute administration of drugs (e.g., delta-9-
tetrahydrocannabinol, ethanol, stimulants) increases delay discounting rates (McDonald et al.,
2003; Richards et al., 1999b; Wade et al., 2000). However, chronic high doses of
methamphetamine and cocaine have been shown to increase the degree to which rats discounted
the value of delayed rewards (Richards et al., 1999a; Roesch et al., 2007), suggesting that
substance use may promote impulsive choices.

We must also consider the possibility that delay discounting and smoking reciprocally
influence each other. That is, higher delay discounting predisposes adolescents to make
impulsive choices such as smoking, and smoking in turn, accentuates trait levels of delay
discounting. Likewise, the relationship between delay discounting and smoking may vary
depending on the subgroup; delay discounting may contribute to smoking acquisition in some
adolescents whereas smoking contributes to the development of delay discounting in other
adolescents. Given the developmental heterogeneity in smoking acquisition, subgroups defined
by higher rates of delay discounting may have earlier smoking onset or a faster progression
along the smoking uptake continuum than individuals with lower levels of delay discounting.
For example, early onset alcoholics discount monetary rewards more than late-onset alcoholics
(Dom et al., 2006), needle sharing-heroin users have higher discounting rates than non-needle
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sharing heroin users (Odum et al., 2000), and early onset substance use, polysubstance use,
and problems associated with substance use were associated with higher delay discounting
rates in college students (Kollins, 2003).

The present study sought to fill these critical gaps in the literature by investigating the stability
of delay discounting, the temporal precedence between delay discounting and smoking, and
potential heterogeneity in the relationship between smoking and delay discounting within a
prospective longitudinal cohort study spanning mid adolescence to young adulthood (age 15
to 21 years old). The majority of regular smokers report initiating smoking during adolescence
and 75% report smoking regularly by age 18 (USDHHS, 1994). Smoking and delay discounting
are repeatedly measured over these two developmental periods. A better understanding of the
causal pathways between smoking and impulsive choices may promote distinct treatment
implications and help inform smoking prevention and intervention efforts. Based on the ties
between delay discounting and the dispositional trait of impulsivity (Mitchell, 1999), we
anticipated that delay discounting would be fairly stable over mid adolescence to early
adulthood. Given the expected stability in delay discounting, we further anticipated that delay
discounting would contribute to smoking uptake rather than smoking progression promoting
increases in delay discounting. Finally, we hypothesized that delay discounting would
discriminate between smoking and nonsmoking trajectories and between smoking trajectories
that differ with respect to smoking onset and magnitude.

2. Methods

2.1. Sample

Participants were high school students (53% female and 65% White) taking part in a
longitudinal study of the social, psychological, and genetic determinants of adolescent smoking
adoption. Participants were enrolled in one of five public high schools in northern Virginia.
This cohort was drawn from the 2,393 students identified through class rosters at the beginning
of ninth grade. Students were ineligible to participate in this study if they had a special
classroom placement (e.g., severe learning disability). Based on the selection criteria, a total
of 2,120 (89%) students were eligible to participate, and of these, 1,533 (72%) parents provided
a response regarding their teen’s participation. Of the 1,533 parents who provided a response
1,151 (75%) consented to their teen’s participation, yielding an overall consent rate of 54%.
Analysis of differences between students whose parents did and did not consent revealed that
the likelihood of consent was greater for white parents with more than a high school education
than for parents with a high school education or less (89% vs.77%) (Audrain et al., 2002).

The majority of adolescents with parental consent provided their assent (99%, N=1136). The
adolescent cohort was formed in the 9™ grade and was followed until the end of 12t grade.
Five data collection waves were completed on-site during compulsory classes during high
school: spring 9t grade; fall and spring10t" grade; spring 111" grade and spring 12" grade (age
range 14 - 18 years old). Each survey took approximately 30 minutes to complete. The cohort
was measured annually each spring the four years following high school. Delay discounting
was measured at three time points. It was first measured in 10" grade spring and in the first
two years after high school. Thus, the current analyses span these time points (~ age 15 to 20
years of age). Participants were individuals (N=947) with complete data on the covariates.
University Institutional Review Board approval of the study protocol was obtained.
Approximately 147 participants were lost to follow-up. There was no significant difference
between those lost to follow-up and those retained on smoking (p>.05) although the difference
between those lost to follow-up and those retained on delay discounting approached
significance (p=.055) (-.413 versus -.438).
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2.2. Outcome Measures

2.2.1. Smoking—Smoking was assessed at each annual wave with thirteen standard
epidemiological questions, such as “Have you tried or experimented with cigarette smoking,
even a few puffs?” and “When was the last time you smoked a cigarette?” (CDC, 2006). Based
on the responses to these items, a 5-level variable representing increasing levels of smoking
within the past 30 days was generated (Rodriguez et al., 2007). The ordered categories were:
0 - did not smoke in the past month; 1 - smoked “1 month ago or less;” 2 - smokes “...at least
once a week;” 3 - smokes < 10 cigarettes daily; 4 - smokes > 10 cigarettes daily.

2.2.2. Delay Discounting—Delay discounting was measured from the pattern of choices
across 27 questions on a monetary choice questionnaire (Kirby et al., 1999). The 27 choices
define 10 ranges of discount rates with delays ranging from 7 days to 186 days. Delay
discounting is measured by fitting a hyperbolic function to bivariate data on indifference points
between choices of small, medium, and large delayed rewards and the time delay. The resulting
estimated parameter (K) is greater for individuals who discount the value of future rewards and
thus prefer immediate rewards (Kirby, 1997; Kirby et al., 1999; Madden et al., 1997; Myerson
and Green, 1995).

2.3. Covariates

The demographic variables included gender and race (white versus non-white). Psycho-social
and behavioral covariates included perceived academic performance, peer smoking, household
smoking, depression, novelty-seeking, inattention and hyperactivity symptoms, and alcohol
and marijuana use. Perceived academic performance was assessed with a single item that asked,
“How do you do in school? Scores ranged from 4= "Mostly A’s“ to 1 = "Mostly D’s and
F’s“ (Audrain-McGovern et al., 2004a; Bergen et al., 2005). Household smoking was measured
with an item that asked if any member of the household smokes (no one versus someone). Peer
smoking was measured at each annual wave by summating responses to three items asking
whether the adolescents’ best friend smokes, and whether and, if so, how many of his or her
other four best male and four best female friends smoke (range 0 to 9 friends smoking)
(Audrain-McGovern et al., 2006a; Choi et al., 1997).

Depression symptoms were measured with the Center for Epidemiologic Studies Depression
Scale (Radloff, 1977). This 20-item Likert-style scale has high internal consistency
(Cronbach’s alpha = .85-.90). Research supports the validity and reliability of the CES-D for
use in adolescents and young adults (Lewinsohn et al., 1998; Radloff, 1991; Roberts et al.,
1990). Response options range from 0 (none of the time) to 3 (most of the time).

Novelty-seeking was measured with the Temperament & Character Inventory (TCI) (20 True/
False items KR-20 = .74) (Cloninger et al., 1994). Novelty-seeking and similar constructs as
measured by the TCI, and its predecessor the Temperament Personality Questionnaire, have

been linked to adolescent smoking and substance use (Audrain-McGovern et al., 2004a; Wills
etal., 1994; Wills et al., 1998).

Inattention and hyperactivity symptoms were assessed with the 18 item Current Symptoms
Scale-Self Report Form (Barkley and Murphy, 1998), which asks individuals to describe their
behavior during the past 6 months, on 18 clinically relevant attention deficit and hyperactivity
symptoms using a four-point Likert scale (O=Never or rarely to 3=often). The two 9-item
subscales (inattention symptoms and hyperactivity-impulsivity) and the total score have
adequate reliability (o= .78 -.84) and predictive validity (Barkley and Murphy, 1998; Rodriguez
et al., 2008).
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Marijuana use was assessed with one item asking ”During the past 30 days, how many times
have you used marijuana? Alcohol use was assessed with one item asking, “During the past
30days, on how many days did you have at least one drink (not just a sip) of alcohol?”” Response
choices ranged from 0 to all 30 days for alcohol use and 0 to 40 or more times for marijuana
use (Grunbaum et al., 2004). These covariates were measured at tenth grade (baseline).

2.4. Analysis

2.4.1. Latent Growth Curve Modeling (LGCM)—LGCM is a multivariate method that
models repeated observed measures (e.g., smoking) on random coefficients representing
baseline level and rate of change (trend) from baseline (Duncan et al., 1999). As such, LGCM
allows for assessment of the average developmental trajectory for a given observed measure
(e.g., smoking), and the effect of different predictors on baseline level and rate of change. In
the present analysis, we conducted associated processes LGCM. Associated processes LGCM
extends LGCM by allowing the testing of paths among factors from two or more LGCMs
(Duncan et al., 1999). Two associated processes were modeled in the present study, one for
the five-level ordered categorical smoking variable and one for the continuous variable delay
discounting. Since delay discounting was only measured in 10t grade, and one and two years
post high school, the fixed factor loadings from the trend factor, representing time, were set to
0 (baseline), and 1 and 3, for the first and second years post high school, respectively, for both
delay discounting and smoking; one unit of time equaled one year. As smoking was an ordered
categorical variable, we estimated model parameters with a Weighted Least Squares estimation
technique (WLSMV) in which the diagonal weight matrix uses robust standard errors, and the
chi-square test statistic is Mean and Variance adjusted (Muthén and Muthén, 1998-2004).
Model fit was evaluated with model chi-square, Comparative Fit Index (CFI), Root Mean
Square Error of Approximation (RMSEA), and weighted Root Mean Residual (WRMR).
Suggested criteria for model fit are non-significant model chi-square, CFI above .95, RMSEA
below .05-.08, and a WRMR value below .9 (Loehlin, 2004; Muthén and Muthén, 2001).
Analyses were conducted using Mplus, version 5.1, software (Muthén and Muthén,
1998-2007).

2.4.2. Growth Mixture Modeling (GMM)—GMM extends LGCM by exploring
developmental heterogeneity among distinct trajectories of a dependent measure like smoking
(Jung and Wickerama, 2008; Muthén, 2004; Nylund et al., 2006) and permits characterization
of trajectories on select covariates. Although there are no agreed upon criteria for the optimal
number of trajectories, the most widely used criterion is to select the model with the lowest
Bayesian Information Criterion (BIC) value (Boscardin et al., 2008; Jung and Wickerama,
2008). A second criterion is average classification probability; the probability that each
individual is placed in the correct class. Classification probabilities should be close to 1. A
third criterion is the Bootstrap Likelihood ratio test (BLRT), which uses bootstrap samples to
empirically estimate the distribution of the likelihood difference between neighboring (k and
k-1 classes) models (Nylund et al., 2006). This test assesses whether the addition of a class
significantly improves fit, with a non-significant p value favoring the k-1 class model (see
Nylund et al., 2006, for a description of the BLRT). We use a combination of these criteria,
along with a substantive assessment of the trajectory classes to select the optimal number of
latent trajectories of smoking (Muthén, 2004). As smoking was measured in 10t through
12t grade, along with the first two years post high school, we will conduct GMM over these
five waves. These analyses were conducted using Mplus, version 5.1, software (Muthén and
Muthén, 1998-2007).

2.4.3. Missing Data—To account for missing data, multivariate modeling used all available

data. Mplus allows modeling with missing data using maximum likelihood estimation of the
mean, variance, and covariance parameters, when requested, employing the Expectation
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Maximization (EM) algorithm, assuming data are missing at random (Muthén, 1998-2004).
This approach was considered appropriate as analyses indicated that the data were missing at
random (MAR), with no significant relationship between missingness and the dependent
variables, only a relationship between missingness and the covariate race (greater missing data
among non-whites at follow-up). We only accounted for missing data on the repeated measure
of smoking and delay discounting in the associated processes LGCM (three waves) and
smoking in the GMM (five waves), not the covariates. Thus, cases with missing data on the
covariates were not included in the analysis. As such, the analyses were based on 947
adolescents in the LGCM and 909 adolescents in the GMM since delay discounting was treated
as a covariate in the GMM rather than a dependent variable.

3. Results

3.1. Descriptive Statistics

The sample was 53% female and 68% white. At baseline (10t grade) about 25% of the
adolescents lived with smokers, 30% used marijuana at least once in the past month, and 14%
had at least one alcoholic drink in the past month. On average, the participants perceived their
academic performance to be in the B range (M=3.17, SD=.57). On average, participants
reported more than one smoking peer (M=1.84, SD= 2.28). The means and standard deviations
for the psychological measures are as follows: depression symptoms (M=14.43, SD=10.32),
novelty-seeking (M=10.77, SD=3.94), inattention (M=5.85, SD=4.54), and hyperactivity -
impulsivity (M=6.56, SD=4.39). At baseline, 5% of adolescents were smoking daily, 7%
weekly, and 13% smoked at least once a month. At one and two years post high school, 10%
of individuals were smoking daily, 15% weekly, and 25% smoked at least once a month.

3.2. Latent Growth Curve Models

The associated processes LGCM with paths from baseline delay discounting level and trend
factors to the smoking trend factor fit the data well, Xz(lg’ n=947) = 15.37, p=.70, CFI1=1.00,
RMSEA=0, WRMR=.36. The associated processes LGCM revealed that the average delay
discounting trend was not significant, indicating insignificant change in delay discounting from
baseline (i.e., stability). Figure 1 presents the standardized path coefficients for the significant
model pathways. The nonstandardized parameter estimates, standard errors, test statistics, and
p values for all model paths are presented in Table 1. Baseline delay discounting had a
significant positive effect on smoking trend, (p=.08, z=2.16, p=.03). As the path coefficient
from a predictor to the dependent variable (latent or measured) is the log odds change in the
latter for a unit change in the former, a standard deviation (SD=1.41) increase in baseline delay
discounting (level) resulted in a 11% increase (OR=1.11, 95% CIl= 1.03, 1.23) in the odds of
smoking progression. However, the effect of delay discounting trend on smoking trend was
not significant. Regarding the covariates, a standard deviation (SD=3.89) increase in novelty
seeking was associated with a 24% increase in the odds of smoking progression (OR=1.24,
95% CI=1.13, 1.36). Alcohol use in the past 30 days (OR=1.41, 95% CI=1.30, 1.53) and
marijuana use in the past 30 days (OR=1.37, 95% Cl=1.23, 1.53) increased the likelihood of
smoking at baseline as did and peer smoking (OR=1.18, 95% Cl=1.14, 1.23) and household
smoking (OR=1.43, 95% CI=1.19, 1.71). Higher academic performance (OR=.69, 95% ClI=.
59, .81) decreased the odds of smoking at baseline. There were no effects for any covariates
on smoking trend.

With respect to delay discounting, being female (p= -.34, z=-3.56, p<.0001) and higher

academic performance (B=-.25, z=-2.73, p=.01) were associated with lower delay discounting
rates at baseline. Being non-White (B= .25, z= 2.54, p=.01), having more peers whom smoke
(p= .05, z= 1.97, p=.05), and higher novelty seeking (B= .04, z= 2.90, p=.004) were associated
with higher delay discounting at baseline. With respect to delay discounting trend, depression
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symptoms was associated with a decreased rate of change in delay discounting over time (3=
-.004, z=-2.26, p=.03).

We also assessed whether smoking influences delay discounting, reversing the paths to test
whether baseline smoking and smoking trend significantly affect delay discounting trend.
Neither path was significant (p > .05).

3.3. Growth Mixture Models

We first determined the optimal number of smoking trajectories. We ran models with two to
six latent trajectory classes without covariates. The empirical criteria are presented in Table 2.
The BIC continued to decrease from model 1 (BIC=5908.52) to model 5 (5721.17), suggesting
model 5. However, although the BLRT was significant through model 4, it was not significant
for model 5, suggesting a non significant likelihood ratio difference between the five and six
latent class models. Based on a combination of these empirical criteria, we selected the five
trajectory class model. However, after adding the covariates to the model, and again evaluating
the criteria, the best model included three trajectory classes, as the BLRT failed to reach
significance comparing the four to three class models. Thus, we decided upon three trajectory
classes (model 7). Based on the distribution of participants in each of the three trajectory
classes, they are labeled as non-smokers (n=556), fast smoking adopters (n=112), and slow
smoking progressors (n=241).

3.3.1. Characterizing trajectory classes on covariates—We characterized trajectory
classes on covariates using multinomial logistic regression analysis, assessing the likelihood
of membership to one trajectory class compared to another trajectory class. Table 3 provides
odds ratios and 95% confidence intervals for all model comparisons. A one standard deviation
(SD=1.41) increase in delay discounting was associated with 31% decrease (OR=.69, 95%CI=.
51,.94) in the odds of being a nonsmoker compared to a fast smoking adopter, and a 26%
decrease (OR=.74, 95%CI=.57,.96) in the odds of being a nonsmoker compared to a slow
smoking progressor. Delay discounting, however, did not discriminate between slow
progressors and fast smoking adopters. Similarly, a standard deviation (SD=3.89) increase in
novelty seeking was associated with a 35% decrease (OR=.65, 95%CI=.46,.93) in the odds of
being a nonsmoker compared to a fast smoking adopter, and a 27% decrease (OR=.73, 95%
Cl=.55,.96) in the odds of being a nonsmoker compared to a slow progressor. Like delay
discounting, novelty seeking also did not discriminate between slow progressors and fast
smoking adopters. Regarding the remaining covariates, nonsmokers were lower in past month
alcohol use than fast smoking adopters (OR=.33, 95%CI=.18,.59) and slow progressors (OR=.
31, 95%CI=.18,.54). They were also lower in peer smoking than fast smoking adopters (OR=.
63, 95%CI1=.53,.75) and slow smoking progressors (OR=.81, 95%CI=.70,.95). However,
nonsmokers were higher in academic performance than fast (OR=2.71, 95%CI=1.49, 4.92) but
not slow progressors. Comparing slow smoking progressors and fast smoking adopters, slow
smoking progressors used less marijuana (OR=.59, 95%CI=.39,.89) and had fewer smoking
peers (OR=.78, 95%CI1=.67,.89) than fast smoking adopters. There were no other significant
differences comparing trajectory classes. Figure 2 depicts these smoking trajectories.

4. Discussion

To our knowledge, this is the first study to date to examine the longer term stability of delay
discounting, the causal relationship between delay discounting and smoking, and the evidence
for heterogeneity in the relationship between smoking and delay discounting. The findings
indicate that delay discounting is more trait-like than state-like across adolescence to young
adulthood. Related to its stability across time, delay discounting appears to promote smoking
acquisition, but smoking does not significantly alter delay discounting. Finally, delay
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discounting appears to be elevated in those individuals who progress to a more regular pattern
of smoking versus those who do not. In fact, delay discounting is a stronger predictor of
smoking status than the pattern of smoking acquisition.

As delay discounting is considered to be an aspect of impulsivity and is relatively stable across
adolescence and emerging adulthood, it makes sense that delay discounting would play an
etiological role in smoking acquisition, rather than smoking playing an etiological role in
impulsive choices measured by delay discounting. These results may help us better understand
the dynamic nature between impulsive choices and smoking uptake. Adolescents higher in
delay discounting may seek out activities that have more immediate rather than more delayed
rewards, such as smoking and substance use. These results may also shed light on why some
adolescents choose healthy rewarding behaviors (e.g., physical activity) and others choose
unhealthy rewarding behaviors (e.g., smoking) (Audrain-McGovern et al., 2003; Audrain-
McGovernetal., 2006b). If higher rates of delay discounting contribute to smoking acquisition,
then delay discounting may provide a variable by which to screen for smoking vulnerability.
Adolescents at higher risk of smoking due to higher delay discounting may be a subgroup to
target for more intensive smoking prevention efforts that include novel behavioral components
directed toward aspects of impulsivity. Intervention research suggests that impulsive decision
making may be moderated by the acquisition of self-control skills. For example, a class-room
based behavioral management intervention focused on reducing aggressive (e.g., fighting) and
disruptive (e.g., shouting out of turn) behaviors in first and second graders reduced the risk of
early onset smoking initiation (age 12), smoking initiation by age 14 years old for boys, and
regular smoking in young men (19 - 21 years old) (Kellam and Anthony, 1998; Kellam et al.,
2008a; Storr et al., 2002). Proscribed behaviors were met with a team of classmates losing
points. Teams received tangible rewards (e.g., classroom activities, stickers, erasers) for their
points when no member exhibited the proscribed behaviors during the sessions. The rewards
were delivered immediately at first and then delayed to the end of the school day and eventually
the end of the school week. Early interventions, such as these may interrupt the development
of impulsive behaviors, or reduce their occurrence by bolstering self control skill sets, including
delaying gratification.

Delay discounting characterized smoking uptake, but not how individuals progressed along
the uptake continuum (average delay discounting scores at baseline: -3.79 for fast adopters
versus -4.15 for slow progressors versus -4.58 for nonsmokers). Although not measured in this
study, delay discounting may help determine who quits smoking successfully. A recent
adolescent smoking cessation study found that adolescents who were not abstinent from
smoking at study end (4 weeks) discounted monetary rewards more than those adolescents who
were abstinent (Krishnan-Sarin et al., 2007). In addition, elevated impulsivity measured prior
to smoking cessation treatment predicted faster time to relapse in adult smokers (Doran et al.,
2004).

The higher delay discounting scores of the faster smoking adopters and greater smoking rate
is consistent with the cross-sectional research findings showing that individuals who begin
using substances early, have greater use, and more poly-substance use tend to have high
discount rates (Dom et al., 2006; Kollins, 2003). At age 16, fast adopters were over 50% more
likely to have used marijuana in the past month compared to slow progressors, and slow
progressors did not differ from nonsmokers on academic performance. Higher delay
discounting scores may be a marker for early onset of smoking, heavier smoking rate, and other
issues such as concurrent substance use and poorer academic performance. Interventions to
disrupt one or a range of problematic behaviors associated with smoking (e.g., poor grades,
alcohol use) may indirectly impact smoking acquisition, but such an intervention may be more
difficult or less effective than modifying a common etiologically important antecedent early,
during developmentally malleable periods (Kellam et al., 2008b). Thus, the prevention of the
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direct effect of delay discounting on smoking progression and the indirect effect via behaviors
related to smoking may have a significant and meaningful impact on smoking uptake.

Those individuals in the slow smoking progressors trajectory had lower delay discounting
scores, slower smoking uptake, and lower overall smoking rates. Is this distinct pattern of
uptake a reflection of relatively lower delay discounting or is it the loss of factors that protect
against smoking over time and an increase in risk factors associated with smoking progression?
Members of this trajectory had more peers who smoked and greater alcohol use at baseline
compared to nonsmokers. Our previous research has shown that delay discounting can impact
smoking progression indirectly through the choice of other behaviors with more immediate
rewards that are associated with smoking, such as substance use (Audrain-McGovern et al.,
2004b). Delay discounting may also reflect variability in genetic liability for substance use in
general, including smoking. Delay discounting may serve as an endophenotype between gene
action and acquisition phenotypes (Audrain-McGovern et al., in press). These results provide
some initial evidence of the predictive validity of delay discounting, which is an important
criterion for defining a potential endophenotype. Whether delay discounting meets the criteria
for an endophenotype for smoking acquisition specifically and substance abuse more generally
awaits further investigation.

As the first investigation of the role of delay discounting in smoking acquisition, the present
study has both strengths and limitations. The strengths include multiple measures of delay
discounting and smoking across five years and two developmental periods, a good retention
rate, the assessment of both directional paths (i.e., the path from delay discounting to smoking
and the path from smoking to delay discounting), and the assessment of the developmental
heterogeneity in smoking and how it is characterized by delay discounting. Despite these
strengths, limitations of the study should be noted. One limitation is that there were insufficient
numbers of adolescents in other racial groups to conduct meaningful analyses stratified by race.
Another potential limitation of this study is the consent rate. Although the difference in those
parents who originally provided consent and those who did not was relatively small and few
(Audrain et al., 2002) caution is warranted in generalizing the results, despite the sample being
regionally and locally representative with respect to demographics and smoking behavior
(Audrain-McGovern et al., 2004a). One could also argue that the use of the delay discounting
questionnaire rather than a lab task is a limitation, as the questionnaire may be less sensitive.
The questionnaire has been shown to correlate highly (r = .82) with lab based measures of
delayed discounting (Epstein et al., 2003). In addition, the variables, including the smoking
data are based on self report. Research supports the validity of adolescent self report of smoking
behavior as well as other sensitive behaviors in nontreatment contexts where confidentiality is
emphasized (Botvin and Botvin, 1992; Velicer et al., 1992; Wills and Cleary, 1997). Finally,
the latent growth curve model is based on only three time points (the minimum number needed)
given that delay discounting was measured at three time points. Although more than three time
points may have offered greater power and stability of the parameter estimates (Muthen and
Muthen, 2008), our model fit the data well, but the results will need to be replicated.

Contrary to previous research in community samples, the present study did not find a significant
relationship between ADHD symptoms and smoking (Galera et al., 2005; Kollins et al.,
2005). We can only speculate that the presence of novelty-seeking and delay discounting in
the model dampened the individual effects of inattention and hyperactivity/impulsivity on
smoking progression or the discrimination between smoking and nonsmoking trajectories.
Likewise, our statistical models considered the effects of ADHD symptom subtypes on changes
in smoking across time, rather than an end state smoking outcome. Our previous research has
shown that ADHD symptoms have significant effects on the developmental trajectory of
nicotine dependence (Rodriguez et al., 2008).
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Despite the limitations noted above, the present study provides initial evidence of the
etiological role of delay discounting in smoking acquisition, irrespective of the onset time point
or the rate and magnitude of acquisition. It is important to note that the impact of delay
discounting on smoking acquisition was somewhat modest (OR = 1.11) while controlling for
other influences on smoking behavior, such as novelty-seeking, ADHD symptoms, and other
substance use. These findings help define the average contribution of delay discounting to
smoking uptake and also indicate that delay discounting makes a unique contribution beyond
important personality constructs and externalizing behaviors. It is important to note that we
did not measure conduct disorder or delinquency in this cohort study, which could be
considered a limitation. However, recent research suggests that 50% of adolescents with early
exposure to alcohol and illicit drugs do not have a history of conduct problems, but are still at
an increased risk for substance dependence in adulthood (Odgers et al., in press). This suggests
that other factors besides the traditional problem behaviors may be involved in adolescent
substance use, including cigarette smoking. Future research should determine the joint
contributions of impulsive decision making, impulsive behavior, and other mood variables
(e.g., depression) that may impact decisions about reward and play a role in smoking uptake
(Forbes et al., 2007; Spring et al., 2003; Windle and Windle, 2001). The identification of
variables that facilitate and buffer the impact of delay discounting on smoking uptake may also
inform intervention planning by identifying who may benefit most from an intervention and
what variables could be targeted to prevent smoking progression.
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The etiological role of delay discounting in smoking acquisition.

Note: Associated processes latent growth curve model with standardized path coefficients for
significant model paths only, and factor loadings representing 101 grade baseline (0), and the
first (3) and second (4) years post high school. DD = delay discounting; MJ = marijuana; DS
= depression symptoms; HS = high school. *p<.05, **p<.0001
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Smoking trajectories from mid-adolescence to young adulthood.
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