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Abstract

Aims—To test whether binge drinking, the density of familial alcoholism (FHD), and their
interaction are associated with an altered developmental trajectory of impulsive choice across
adolescence, and whether more lifetime drinks is associated with a greater change in impulsive
choice across age.

Design—Alcohol-naive adolescents, with varying degrees of FHD, were recruited as part of an
ongoing longitudinal study on adolescent development, and were grouped based on whether they
remained non-drinkers (n7= 83) or initiated binge drinking (n7= 33) during follow-up. During all
visits, adolescents completed a monetary delay discounting task to measure impulsive choice. The
effects of binge-drinking status, FHD, and their interaction on impulsive choice across adolescence
were tested.

Setting—Developmental Brain Imaging Lab, Oregon Health & Science University, Portland,
Oregon, USA.

Participants—116 healthy male and female adolescents (ages 10-19) completed 2—4 visits
between July 2008 and May 2016.

Measurements—Discounting rates were obtained based on adolescents’ preference for
immediate or delayed rewards. FHD was based on parent-reported prevalence of alcohol use
disorder in the participant’s first and second degree relatives. Binge-drinking status was
determined based on the number of recent binge-drinking episodes.

Findings—There was a significant interaction effect of binge-drinking status and FHD on
impulsive choice across age (6= 1.090, p< 0.05, 8= 0.298). In adolescents who remained
alcohol-naive, greater FHD was associated with a steeper decrease in discounting rates across
adolescence (b= -0.633, p<0.05, S=-0.173); however, this effect was not present in binge-
drinkers. Furthermore, total lifetime drinks predicted escalated impulsive choice (6=10.002, p<
0.05, = 0.295) in binge-drinking adolescents.

Corresponding Author: Bonnie J. Nagel, Ph.D. Oregon Health & Science University, Departments of Psychiatry and Behavioral
Neuroscience, 3181 SW Sam Jackson Park Road, MC: DC7P, Portland, OR 97239, Phone: +1-503-494-4612, nagelb@ohsu.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Page 2

Conclusions—A greater degree of familial alcoholism is associated with a steeper decline in
impulsive choice across adolescence, but only in those who remain alcohol-naive. Meanwhile,
more lifetime drinks during adolescence is associated with increases in impulsive choice across

age.
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Introduction

Using delay discounting paradigms, alcohol-dependent individuals discount (or devalue)
delayed rewards to a greater degree than non-dependent individuals (1-3). That is, when
forced to choose, alcohol-dependent individuals are more likely to select smaller immediate
rewards over larger delayed rewards, thus making what is often considered an impulsive
choice. However, the temporal nature of this relationship between alcohol use and impulsive
choice (i.e. discounting rates) remains unclear. While some speculate that greater impulsive
choice leads to the initiation of alcohol use, others argue that alcohol use itself alters
underlying neural mechanisms responsible for increases in impulsive choice. It is also
possible that these two behaviors are both products of some underlying risk phenotype, and
share a common genetic component (4). Adolescence is a critical period during which many
first initiate alcohol use, and a time during which impulsive choice develops, as evidenced
by both human and rodent studies. For example, both cross-sectional and longitudinal work
in human adolescents has shown that impulsive choice decreases across adolescence and
into young adulthood (5-8). Meanwhile, cross-sectional pre-clinical models have found that
adolescent rodents exhibit more impulsive responding for food rewards than adults (9-11).
Thus, adolescence is an important period for investigating the development of impulsive
choice.

Previous cross-sectional work in humans and rodents has established that both alcohol use
and a familial history of addiction (FH+) are associated with altered impulsive choice.
Compared to light drinkers, heavy-drinking human adolescents show greater impulsive
choice for monetary and alcohol rewards (12, 13). Meanwhile, alcohol exposure has a
greater impact on impulsive choice in adolescent rodents than adults (14). Further, studies in
drug- and alcohol-naive human adolescents and young adults found that those with FH+
(drugs and alcohol) made more impulsive choices (15, 16) and had significantly slower
reaction times (alcohol only), than adolescents without a FH+ (17). Similarly, alcohol-naive
rodents bred to consume high levels of alcohol demonstrate more impulsive responding for
sucrose rewards than those bred for low levels of alcohol consumption (18-20). In
combination, these findings suggest that both alcohol use and a FH+ may predispose
adolescents to be more impulsive.

Despite evidence supporting the influence of both alcohol use and FH+ on impulsive choice,
few studies have investigated their effects concurrently. In a cross-sectional study, impulsive
choice correlated with age in light-drinking adults, but not heavy drinkers, and in light
drinkers, those with a FH+ (alcohol only) showed greater impulsive choice (21). Further,

Addiction. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Methods

Design

Page 3

another study in adults found that higher rates of impulsive choice partially mediated the
relationship between greater parental substance use and greater alcohol consumption (22).
However, these studies were both in adult populations, and thus were unable assess the
combined associations of alcohol use and FH+ with the development trajectory of impulsive
choice. Understanding the association of this combined effect with development is crucial,
as binge drinking and FH+ (alcohol only) have been shown to interact and are associated
with impaired neuropsychological functioning during adolescence (23).

The current study focused on the developmental trajectory of impulsive choice across
adolescence. The longitudinal design allowed us to test whether binge drinking and degree
of familial alcoholism are associated with an altered trajectory of impulsive choice during
this critical period. Further, this study aimed to test whether an increase in lifetime drinks is
associated with increases in impulsive choice across age, in binge-drinking adolescents.
While many studies utilize family history status (based on alcoholism in at least one parent),
for this study, a continuous family history density (FHD) score was calculated based on the
number and degree of relatives with an alcohol use disorder, to improve effect sizes, power,
and measurement reliability (24). Based on previous literature, we hypothesized that
alcohol-naive adolescents would show a decrease in impulsive choice across age, and that
this relationship would be diminished in adolescents who ultimately engaged in binge
drinking. Furthermore, we hypothesized that greater FHD would be associated with greater
impulsive choice prior to alcohol consumption, and that FHD would interact with binge
drinking status across age. For this interaction effect, we predicted non-drinking adolescents
with low FHD would show the greatest age-dependent decrease in impulsive choice
compared to binge drinkers and those with higher FHD, similar to the behavioral pattern
found in previous neuropsychological work (23). Additionally, we hypothesized that among
binge-drinking adolescents there would be a positive association between lifetime drinks and
impulsive choice across age.

This study is part of an ongoing longitudinal investigation of the emergence and effects of
alcohol use during development, and includes all participants that completed at least two
(and up to four) in-person study visits between July 2008 and May 2016. Following the
baseline visit, quarterly telephone interviews were conducted to assess alcohol/substance
use, and participants were brought in for in-person re-assessment once they reported
reaching criteria for binge drinking (see below). For every binge-drinking adolescent that
was re-assessed, a time-since-baseline and developmentally (based on sex, age, and pubertal
stage) matched non-drinking control was also brought in for in-person re-assessment.
Additional non-drinking controls were also brought in for re-assessment, approximately 1
year after recruitment, as part of an ongoing investigation of adolescent development. The
majority of controls reported no lifetime drinking during follow-up visits, with a small
subsample (n7=9) reporting minimal drinking experience (< 15 lifetime drinks, with no
binge episodes). This design resulted in a total of 272 visits among 33 binge-drinking
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adolescents and 83 largely drug- and alcohol-naive controls (Fig. 1). This study was
approved by the Oregon Health & Science University (OHSU) Institutional Review Board.

Participants

Healthy adolescent participants, ages 10 to 17 at baseline (n= 116), were recruited from the
local community (Portland, OR and surrounding suburbs). Following a telephone prescreen
to determine initial eligibility, adolescents and their parents provided written consent and
assent, respectively, followed by separate comprehensive screening interviews. As the goals
of the ongoing longitudinal study are to investigate the emergence of mental illness and
psychopathology during development, baseline exclusionary criteria included a likely
diagnosis of a DSM-IV psychiatric disorder [Diagnostic Interview Schedule for Children
Predictive Scales (25)], inability to obtain family history information, serious medical
problems (including head trauma), mental retardation or learning disability, psychotic illness
in a biological parent, and known prenatal drug/alcohol exposure. Additionally, at the time
of recruitment, adolescents were excluded for prior drug or alcohol use that exceeded >10
lifetime alcohol drinks, >2 drinks on any one occasion, >5 uses of marijuana, >4 cigarettes
per day, or any other drug use [Brief Lifetime version of the Customary Drinking and Drug
Use Record (CDDR) (26)].

Measures

Socioeconomic status—To assess socioeconomic status (SES) at baseline, parents
completed the Hollingshead Index of Social Position, a measure based on the educational
attainment and occupation of each parent (27).

IQ—To estimate overall intellectual functioning at baseline, adolescents were administered
the 2-subtest version of the Wechsler Abbreviated Scale of Intelligence (28).

Pubertal development—Self-assessment of puberty was obtained at all visits using a
modified line drawing version of the Tanner’s Sexual Maturation Scale (29), with drawings
ranging from stage 1 (pre-adolescent) through stage 5 (adult-like maturation).

Family history density—To evaluate family history of alcohol use disorders (AUD), a
family history density (FHD) score was calculated at baseline using the Family History
Assessment Module (30). FHD was based on the number of adolescents’ relative(s) with an
AUD; parents contributed 0.5, grandparents 0.25, and aunts and uncles a weighted ratio of
0.25 divided by the number of their siblings, with higher scores indicating greater prevalence
of familial AUDs.

Binge-drinking status—For this study, binge-drinking criterion was defined as >3
occasions of binge drinking (=5 drinks for males or >4 drinks for females, in one occasion)
within the last 90 days, and was assessed using the CDDR (26) and 90-day Timeline
Followback (31). This criterion is in accordance with NIAAA guidelines of binge drinking
(32) and has been utilized previously by our lab (33, 34).
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Delay discounting rates—A computerized, and self-paced, version of the delay
discounting paradigm, described previously (17, 35), was administered to adolescents during
all in-person visits. Briefly, the task presented adolescents with the choice between a
variable monetary reward ($0 to $10.50) available immediately, or a set monetary reward
($10) available after a delay (0, 7, 30, 90, 180, or 365 days). Choice pairs, consisting of one
immediate variable reward and one delayed set reward, were presented in random order to
make up a total of 138 questions. Participants were asked to choose the option they preferred
from each choice pair. To enhance the saliency of the task, participants were informed that
one of their choices would be randomly selected, following the task, and money would be
awarded based on their choice during the task.

Indifference points, the point at which a person switched from choosing the immediate
reward to choosing the delayed reward, were calculated for each delay length. Using these
indifference points, the rate of discounting (k) was calculated by fitting a hyperbolic
discounting function: V= A/(1 +kD). In this equation, Vrepresents the value of the $10
reward (the indifference point) at a given delay length (D), and A represents the amount of
the set delayed reward ($10). Using this equation, greater & values represent lower
indifference points, or a greater preference for more immediate rewards.

Statistical analysis

All statistical analyses were carried out using R (v 3.2.3). Baseline demographic variables
were examined for outliers (> 2.5 SD from the mean) and normal distribution and were
compared between binge-drinking adolescents and controls, using independent-samples #
tests, or Mann-Whitney and chi-square tests where appropriate. Prior to multilevel modeling,
kvalues were log transformed due to non-normal distribution; this also reframed our
outcome measure, such that the estimated impacts of the predictor variables represent
percent change in impulsive choice. Age was re-centered at the average baseline age (14.2
years) to aid in interpretation of the results.

To address the first aim of this study, a series of multilevel models were used to test the
effects of binge-drinking status and FHD on the association between age and discounting
rate using full maximum likelihood. This approach is similar to a mixed repeated-measures
ANOVA design, modeling within- and between-subjects factors simultaneously, and helps
account for individual level growth or change by accounting for the nested nature of
longitudinal data. First, we tested an unconditional means model (Model A), analogous to a
traditional one-way ANOVA, to determine how much of the observed variation in the
outcome could be attributed to between-subjects differences®. Next, a linear slope was added
to create an unconditional growth model (Model B), which accounted for both within
individual changes in discounting rates over time, as well as between individual differences
in change over time, and estimated a unique baseline and slope over time, for each
participant. This model is a necessary step to determine whether adolescents’ discounting
rates vary across age, and additionally, provides an estimate of between individual
variability, which represents a second level of differences from those estimated over time

aA common metric computed from this model is the intra-class correlation coefficient (ICC), which represents the percentage of
variance in the outcome explained by inter-individual differences.
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within individuals. The variance estimates from this model, both among individual starting
points, or intercepts, and among individual trajectories of change, or slopes, served as a
baseline model for testing the effects of level-2 predictors. Subsequent models included the
addition of level-2 predictors to account for the estimated differences from Model B; these
included binge-drinking status (Model C), and FHD (Model D), separately, and in
combination (Model E).

To further examine dose-related associations between alcohol use and impulsive choice, and
to address the second aim of this study, a separate series of linear models were fit in the
binge-drinking adolescents only. These models allowed for a more thorough examination of
the influence of other important predictors that were unique to this group of adolescence (i.e.
lifetime drinks), and followed a similar modeling progression as the earlier analysis. After
fitting the unconditional means (Model F) and unconditional growth (Model G) models,
individuals’ number of lifetime drinks was added to the model as a time-varying covariate
(Model H) to estimate the dose-related relationship between drinking and impulsive choice.

A chi-square test comparing deviance statistics was used to assess the goodness-of-fit of
each model when appropriate. Furthermore, effect sizes for all predictors in the final model
of each aim (Model E and H) were reported as either Cohen’s d (for categorical predictors)
or standardized regression estimates (for continuous variables). To obtain standardized
regression estimates, all continuous variables were first z-transformed, and then the final
model was rerun using these z-transformed variables.

Participant baseline demographics are presented in Table 1.

To ensure valid and consistent discounting behavior, indifference points were examined to
determine nonsystematic discounting behavior outliers, as previously described (36). Thus,
11 data points were excluded for nonsystematic discounting behavior, and 19 were excluded
due to missing data. The remaining 242 data points (across 33 binge-drinking adolescents
and 81 non-drinking controls) were included in multilevel modeling.

Results from the multilevel models investigating the effects of binge-drinking status and
FHD on the development of discounting rates, addressing the first aim of this study, are
presented in Table 2. Model A demonstrated that roughly half the variation in discounting
rates was between subjects (p = 0.532), supporting the need for the addition of both within-
(age) and between-subjects (drinking status and FHD) predictors. Next, Model B
demonstrated a significant decrease in discounting rates across age. The addition of age to
the model decreased the amount of within subject variance by 22%, and was an improved
model compared to Model A [)(2(3) =13.71, p<0.05].

Next, Model C (including binge-drinking status) revealed a significant association between
binge-drinking status and change in discounting rate across age. Discounting rates decreased
significantly across age in control adolescents (6= -0.420, p < .05); however, this slope
differed significantly in binge-drinking adolescents, with an estimated greater rate of change
across age (b= 0.394, p<.05), compared to controls. The combined estimates resulted in a
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slight (but non-significant) decrease in discounting rates across age (&= —0.026) estimated
for binge-drinking adolescents. Further, Model D (including FHD), revealed a significant
association between FHD and baseline discounting rates (at age 14.2); greater FHD was
associated with greater baseline discounting rates (6= 1.401, p<.05). Only Model C was a
significantly improved model, compared to model B [/1/2(2) =7.56, p< 0.05]; however, due
to the significance of FHD as a predictor of adolescents’ discounting rates, and the extent of
literature suggesting an association between FH+ and discounting rates (16-18, 22), it was
retained for Model E.

Model E, our final model (including binge-drinking status, FHD, and their interaction),
revealed the interaction of FHD and binge-drinking status was significantly associated with
discounting rates across age (b= 1.090, p < 0.05, = 0.298). For control adolescents,
increased FHD resulted in a significantly steeper decrease in discounting rates across age (&
=-0.633, p<0.05, B=-0.173). This relationship was different in binge-drinking
adolescents, such that higher FHD was associated with a slight increase in the slope of
discounting rates across age (& = 0.457). It is important to note that when binge-drinking
status was reverse-coded, FHD had no effect on the rate of change of discounting rates in
binge-drinking adolescents, suggesting that the binge drinking-by-FHD interaction was
driven by an effect of FHD on discounting rates in control adolescents, but not binge-
drinking adolescents. Additionally, greater FHD was also associated with higher discounting
rates at baseline (4= 1.530, p< 0.05, = 0.090), an effect that did not differ based on
ultimate binge-drinking status. To aid in the interpretation of these findings, Figure 2 depicts
prototypical trajectories for an individual falling 0.5 SDs above/below the mean FHD.
Comparing models, we found that Model E, explained significantly more variation in
discounting rates than Model B [y%(6) = 17.34, p< 0.05], Model C [y?(4) = 9.78, p< 0.05],
and Model D [y?(4) = 12.67, p< 0.05].

To address our second aim, and examine the dose-related association between binge
drinking and discounting rates, we created a separate set of models in only the binge-
drinking adolescents, depicted in Table 3. Results from Model F (unconditional means
model) and Model G (unconditional growth model) are in line with the previous models,
suggesting that binge-drinking adolescents show a non-significant change in discounting
rates across age. Model H (including lifetime drinks) revealed that adolescents who had a
greater number of drinks at baseline had lower baseline discounting rates (6= -0.012, p<
0.05, g=-0.469), and those who showed a greater escalation of drinking also had a
significantly greater increase in discounting rates across age (= 0.002, p< 0.05, g = 0.295).
Also, the addition of lifetime drinks improved upon Model G, albeit at a trend level [;(2(2) =
5.37, p=0.07].

Discussion

The first aim of this study was to investigate the effects of binge-drinking status and FHD on
the development of impulsive choice across adolescence. To our knowledge, this is the first
study to use a prospective longitudinal design with data both before and after initiation of
binge drinking. Our results suggest that as hypothesized, the interaction between FHD and
binge drinking is associated with an altered developmental trajectory of impulsive choice
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across adolescence. More specifically, higher FHD was associated with a greater decline in
impulsive choice across age in non-drinkers, but not in adolescents who went on to binge
drink. This suggests that if adolescents refrain from binge drinking, greater FHD may be
developmentally protective, at least with respect to reducing impulsive decision making.

Our study is not the first to suggest that FHD may be protective in those that do not drink.
Studies of children of alcoholics suggest that many individual and social factors may
contribute to an adolescents’ resilience against binge drinking (for review, see 37).
Additionally, there could be a biological explanation behind this resilience. For example,
Volkow and colleagues (38) found that individuals with alcoholic families, but who
themselves were not alcoholics, had greater D2 receptor availability in the caudate and
ventral striatum than non-alcoholics without a FH+, suggesting that greater D2 receptor
levels could protect against alcoholism by regulating brain regions involved in behavioral
inhibition and impulsivity (for review, see 39). Another possible explanation is that not all
heritable predispositions toward high-alcohol drinking are associated with impulsive choice.
That is, there is some degree of phenotypical variability in adolescents with a FH+ that
causes some to engage in more impulsive choice and others less. For example, when
comparing a high alcohol-consuming and alcohol-seeking strain of mice to a high-
consuming but moderate-seeking strain, high alcohol-seeking animals had greater
discounting rates, suggesting that impulsive choice may be more closely associated with a
propensity to drug seek than to consume (40). In humans, this is supported by findings that
novelty seeking is a significant predictor of alcohol dependence in FH+ individuals, but not
those without FH+ (41). Additional work is necessary to determine the mechanism behind
the association between the interaction of binge drinking and FHD, and impulsive choice.

Another benefit of this longitudinal study was that the multilevel modeling analytic strategy
allowed us to investigate the association between our predictors and impulsive choice at the
intercept (placed at the average age at baseline), when all adolescents were alcohol naive. As
hypothesized, our results showed that higher FHD was associated with more impulsive
choices at baseline, prior to alcohol consumption. This is in line with previous studies in
both humans (15-17) and rodents (18-20). Additionally, our findings suggest that despite
those with greater FHD initially demonstrating greater impulsive choice, this effect becomes
negligible, and may in fact reverse, across development in those that remain alcohol-naive.
This is consistent with longitudinal work showing that the association between FH+ and
greater impulsive choice diminished across early adolescents in alcohol-naive individuals
(42). Further, our results showed that ultimate binge-drinking status on its own, or in
interaction with FHD, was not associated with baseline impulsive choice. This suggests that
adolescents who later go on to drink have comparable levels of impulsive choice to controls
prior to alcohol initiation and supports the notion that alcohol use may alter underlying
neural mechanisms involved in impulsive choice. To further strengthen this notion, the
second aim of this study investigated the dose-related association between alcohol use and
impulsive choice. We found that an escalation of drinking was associated with a greater
increase in impulsive choice across adolescence, suggesting that the greater rates of
impulsive choice previously observed in drinking adolescents (12, 13) may be the result of
alcohol use, as opposed to a premorbid risk phenotype; however, additional studies are
necessary to confirm this finding.
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This study is not without limitation. First, as mentioned, there is a possibility that the
association between greater FHD and more impulsive choice over time could be driven by a
third variable (e.g. sensation seeking) (43). While investigation into this is beyond the scope
of this manuscript, it should be explored in future experiments. Second, this study did not
investigate sex differences. While a meta-analysis suggests that there are no sex differences
in delay discounting behavior (44), whether this changes in the context of alcohol use is
unclear. Unfortunately, with only 14 binge-drinking females, this study lacks power to detect
potential three-way interactions between predictor variables; however, this is also an
important future direction. Third, in light of the effect of binge drinking on impulsive choice,
it is unclear if abstinence returns binge-drinking adolescents to a trajectory similar to that of
non-drinking adolescents, given that abstinence has been shown to reduce some of the
behavioral consequences of alcohol use in adolescents (45). Finally, while this study utilized
a longitudinal dataset, the analyses were primarily correlational in nature and thus causality
cannot be inferred. That said, while the lack of group differences at baseline and the dose-
dependent association between alcohol use and impulsive choice would suggest that alcohol
may be altering the development of impulsive choice, additional longitudinal studies will be
necessary to sufficiently support this claim.

In conclusion, we showed that FHD interacts with binge drinking during adolescence and is
associated with an altered developmental trajectory of impulsive choice. While greater FHD
may be protective in adolescents who remain alcohol naive, this effect is not present in
adolescents who go on to binge drink. Furthermore, in binge-drinking adolescents, escalated
drinking was associated with a greater increase in impulsive choice across adolescence.
Understanding how alcohol use is associated with the development of impulsive choice may
inform intervention strategies, such as episodic future thinking (46), in an effort to reduce
rates of both impulsive choice and alcohol consumption. Knowledge of the interaction
between FHD and binge drinking in relation to impulsive choice may help identify which
individuals will benefit the most from behavioral intervention. Future work is important to
understand what mechanism(s) may be responsible for this association between alcohol use
and FHD and the development of impulsive choice across adolescence.
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Figurel.

14 16 18 20
Age (years)

Ages for all scans depicted within subject and separated by binge-drinking status. There
were a total of 272 total visits, divided amongst 33 binge drinking adolescents (88 visits) and
83 controls (184 visits). There was a median of 1.35 years between visits (range = 0.51-6.14
years) and a median of 1.74 years between first and last visit (range = 0.62-8.06 years).
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Figure2.
Prototypical trajectories of discounting rates (In k) across age are plotted for binge-drinking

adolescents and controls with a high (+0.5 SDs from the mean) and low FHD (-0.5 SDs
from the mean). Binge-drinking (light red) and control (light blue) adolescents’ individual
discounting rates (In k) across age are plotted in the background. For reference, the
prototypical trajectory of high-FHD individuals is one with a FHD of 0.55, or roughly the
equivalent of having at least one parent with an AUD, similar to the definition of a FH+ in
prior research (15-17). Meanwhile, the prototypical trajectory of a low-FHD individual is
one with a FHD of 0.25, or an individual with AUD only in a second-degree relative.
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Table 1

Baseline Demographics

Bingers(n=33) Controls(n =83)
M (SD) M (SD) Significance test

Sex (male/female) 19/14 43/40 X2=0.32
Age 14.52 (1.39) 13.97 (1.47) t174=1.85
Pubertal stage 4,00 (1.04)2 3.75 (L.07)0 Ujp3=952.0, Z=-1.13
IQ 11282(901) 11070 (10.38)C t173=1.03
SES 27.12 (12.62) 31.63 (13.81) t124=1.62
FHD 0.39 (0.32) 0.39 (0.33) Uyps= 13545, 2= —0.09

an: 29 due to missing data;
b .
=76 due to missing data;

=82 due to outliers. There were no statistically significant differences between groups on any variables
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