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Abstract

Delayed reward discounting (DRD) is a behavioral economic measure of impulsivity that has been
consistently associated with addiction. It has also been identified as a promising addiction
endophenotype, linking specific sources of genetic variation to individual risk. A challenge in the
studies to date is that levels of DRD are often confounded with prior drug use and previous studies
have also had limited genomic scope. The current investigation sought to address these issues by
studying DRD in healthy young adults with low levels of substance use (A=986; 62% female,
100% European ancestry) and investigating genetic variation genome-wide. The genome-wide
approach used a prioritized subset design, organizing the tests into theoretically- and empirically-
informed categories and apportioning power accordingly. Three subsets were used: 1) a priori loci
implicated by previous studies; 2) high-value addiction (HVVA) markers from the recently
developed SmokeScreen®© array; and 3) an atheoretical genome-wide scan. Among a priori loci, a
nominally significant association was present between rs521674 in ADRAZA. No significant HVA
loci were detected. One statistically significant genome-wide association was detected
(rs13395777, p= 2.8 x 1078), albeit in an intergenic region of unknown function. These findings
are generally not supportive of the previous candidate gene studies and suggest that DRD has a
complex genetic architecture that will require considerably larger samples to identify genetic
associations more definitively.
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INTRODUCTION

Delayed reward discounting (DRD) refers to the extent to which an individual devalues a
reward based on its delay in time (Bickel and Marsch 2001; Bickel et al. 2014). Itisa
behavioral economic measure of impulsivity, and is also referred to as impulsive choice,
intertemporal choice, and capacity to delay gratification. Typically, DRD is operationally
defined by how much a person prefers smaller immediate rewards versus larger delayed
rewards on experimental tasks, with more precipitous devaluation of future rewards
reflecting greater impulsivity. Numerous studies have shown that individuals with addictive
disorders exhibit steeper DRD than controls (Madden et al. 1997; Bickel et al. 1999; Petry
2001; Coffey et al. 2003; MacKillop et al. 2006). Significant associations have also been
reported using dimensional (continuous) designs (Sweitzer et al. 2008; MacKillop et al.
2010; Murphy and Garavan 2011; MacKillop et al. 2014). In addition, meta-analyses of both
case-control and dimensional studies have revealed the link between DRD and addiction is
robust across studies (MacKillop et al. 2011; Amlung et al. 2016). These relationships are
distinct from other measures of impulsivity, as DRD tends to be weakly correlated with
other behavioral or self-report measures of impulsivity (Reynolds et al. 2006; Cyders and
Coskunpinar 2011; Courtney et al. 2012; MacKillop et al. 2014; Caswell et al. 2015). This is
consistent with the increasing recognition of impulsivity as a multifaceted construct
comprising conceptually related domains that are quantitatively distinct (de Wit 2009; Dick
et al. 2010; Jentsch et al. 2014).

There is considerable evidence that genetic factors influence addiction (Goldman et al. 2005;
Agrawal and Lynskey 2008; Volkow and Baler 2014), and impulsive discounting may
contribute to this risk (Mitchell 2011; MacKillop 2013). Indeed, there is accumulating
evidence that DRD is genetically influenced and shares heritability with addiction
phenotypes. In preclinical studies, inbred rodent strains that are isogenic within strain but
differ across strains exhibit systematic differences in DRD for food or water rewards (Isles et
al. 2004; Anderson and Woolverton 2005; Madden et al. 2008; Wilhelm and Mitchell 2009;
Stein et al. 2012; Richards et al. 2013). Furthermore, preclinical studies indicate that rat or
mouse strains exhibiting more impulsive DRD exhibit higher preference for alcohol
(Wilhelm and Mitchell 2008; Oberlin and Grahame 2009; Beckwith and Czachowski 2014;
Perkel et al. 2015; Linsenbardt et al. 2016). Studies in humans comparing monozygotic and
dizygotic twins have similarly revealed substantial levels of heritability (Anokhin et al.
2011; Sparks et al. 2014; Isen et al. 2014; Anokhin et al. 2014). In addition, greater DRD is
associated with family history of addiction (Acheson et al. 2011; Dougherty et al. 2014;
VanderBroek et al. 2015). Collectively, these studies suggest that DRD is heritable and co-
aggregates with addiction propensity.

Both pharmacological and molecular genetic studies with DRD suggest a role for
catecholaminergic mechanisms. For example, DRD preferences in humans have been
reported in relation to a locus in ANKK1 (rs1800497) (Eisenberg et al. 2007; MacKillop et
al. 2015) that is proximal to the dopamine (DA) D, receptor gene, DRDZ2. DRD has also
been reported in association with another DA-related locus in COMT (rs4680) (Boettiger et
al. 2007; Gianotti et al. 2012; MacKillop et al. 2015), which encodes catechol-O-methyl
transferase, the enzyme involved in metabolizing DA in the prefrontal cortex (Tunbridge et
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al. 2004; Chen et al. 2004). Finally, DRD has also been reported to be associated with
variants in genes contributing to serotonergic and nor-adrenergic activity (Sonuga-Barke et
al. 2011; Havranek et al. 2015).

However, the existing literature on genetic correlates of DRD has a number of limitations.
To start, the samples have been small, permitting mainly analyses focusing on single
candidate genes or a few biologically-related loci. Further, the samples have been
heterogeneous. Across studies, samples have varied from the general population to
recovering alcohol users, individuals with attention deficit hyperactivity disorder, gamblers,
individuals with cocaine use disorder and smokers. This heterogeneity is a problematical for
several reasons. First, it means the study designs are not equivalent and not readily
comparable. Second, the inclusion of individuals with addictive disorders make it difficult to
determine whether the elevated DRD was a predisposing factor or a result of the users’
extended drug exposure. Although several studies suggest that impulsive DRD in humans
predates addictive behavior (Audrain-McGovern et al. 2009; Fernie et al. 2013; Khurana et
al. 2013; Kim-Spoon et al. 2014), there is also evidence that drug use itself induces more
impulsive DRD (Simon et al. 2007; Setlow et al. 2009; Mendez et al. 2010; Mitchell et al.
2014). An unsurprising consequence of these limitations is that the current literature is both
genomically narrow and inconsistent in its findings.

The goal of the current study was to advance the investigation of genetic influences on DRD
by addressing some of these issues. First, we recruited a moderately sample of healthy
young adults with low levels of psychoactive drug use to minimize the extent to which DRD
preferences could be interpreted as a symptom or consequence of drug misuse. Second, we
tested almost 1000 individuals under controlled laboratory conditions, a sample substantially
larger than most previous studies. Third, we expanded the scope of genetic associations with
DRD preferences by examining genome-wide variation in single nucleotide polymorphisms
(SNPs) and did so using a prioritized subset approach (Sun et al. 2006; Li et al. 2008; Lin
and Lee 2010; Schork et al. 2013). Specifically, the study used three prioritized subsets: 1) a
priori loci implicated by previous DRD molecular genetic studies; 2) high-value addiction
(HVA) markers from the recently developed SmokeScreen®© array (Baurley et al. 2016), a
compilation of loci linked with diverse addiction-related phenotypes; and 3) an atheroetical
genome-wide scan included to identify loci not included in the two previous categories.
Collectively, these strategies were intended to provide strong tests for previously reported
associations in a larger and more stringently defined design, and to expand the scope of
genetic variation under consideration substantially, but doing so in a biologically-informed
and principled way.

METHODS

Participants

The sample and phenotypic data collection are described in detail in a report detailing
phenotypic relationships among diverse measures of impulsivity (MacKillop et al. 2016).
Briefly, participants were recruited at two sites (Athens, GA and Chicago, IL). Inclusion
criteria were: a) English fluency; b) age 18-30; c) self-reported European ancestry and non-
Hispanic ethnicity to control for population stratification (see below for genetic verification
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of racial homogeneity). Exclusion criteria were: a) 212 on the Alcohol Use Disorders
Identification Test (AUDIT; Saunders, Babor, de la Fuente, & Grant, 1993) or Drug Use
Disorders Identification Test (DUDIT; Berman et al., 2005); b) addiction treatment in the
last 12 months; c) self-reported presence of major depressive disorder, bipolar disorder,
general anxiety disorder, social anxiety disorder, post-traumatic stress disorder, obsessive
compulsive disorder, panic attacks/disorder, phobia, schizophrenia or eating disorders.
Participant characteristics are provided in Table 1 and, per the study design, the sample can
generally be characterized as healthy young adults reporting low levels of substance use.
Other than sex, the two sites significantly differed such that the Chicago site was older, more
educated, and lower income (see Table 1), reflecting a post-collegiate young adult sample.
Institutional review board approval was obtained at both sites (University of Chicago #11-
0549, University of Georgia, #10911, common title: “ Genetic basis of impulsive behavior in
humans”).

Participants attended a single experimental session conducted in a laboratory under
controlled conditions (i.e., no distractions, quiet environment, supervised task completion).
They provided urine and breath samples to confirm abstinence from recent drug and alcohol
use, and provided informed consent. Participants completed a computerized battery of self-
report and behavioral tasks, including two measures of DRD (MacKillop et al. 2016)
(Inquisit 3.0.6.0, 2012; Survey Monkey (http://surveymonkey.com; or EPrime, Psychology
Software Tools, Pittsburgh, PA). The task orders were counterbalanced to minimize order
effects. Participants were given two five-minute breaks for refreshments (water, snacks)
and/or to use the restroom. Samples of DNA were collected via a saliva sample in an
Oragene DNA kit (DNA Genotek Inc., Kanata, ON, Canada).

Demographics and Substance Use—Demographic characteristics including, sex, age,
race, income and education were obtained. Alcohol use over the last year was measured
using the Alcohol Use Disorders Identification Test (AUDIT), which contains 10 questions,
scored from 0 to 4, pertaining to quantity, frequency, and consequences of drinking. Drug
use over the last year was measured using the Drug Use Disorders Identification Test
(DUDIT), which uses the same format as the AUDIT but with one additional question
regarding frequency of polysubstance use.

Delayed Reward Discounting.—Two tasks were used to measure DRD: a full iterative
permuted delay discounting task and the Monetary Choice Questionnaire (MCQ; Kirby et
al., 1999), which together provided four indices of DRD. Both tasks provided hyperbolic
temporal discounting functions (K) (Mazur 1987). In the iterative task, a temporal
discounting function is derived for each participant. Subjects are given 80 choices between
smaller immediate rewards (i.e., $10.00, $20.00, $30.00, $40.00, $50.00, $60.00, $70.00,
$80.00, $90.00, or $99.00) and a larger delayed reward of $100 with a delay of 1, 7, 14, 30,
60, 90, 180, or 365 days (Amlung, Sweet, Acker, Brown, & MacKillop, 2014). The amounts
and delays were presented in mixed order. The MCQ (Kirby et al., 1999) consists of 27
choices between smaller immediate rewards and larger delayed rewards. The rewards range
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from $11 to $85 and the larger delayed rewards were available at varying intervals of delay
from 1 week to 186 days (e.g., “Would you rather have $49.00 today or $60.00 in 89
days?”). The questions are presented in random order. The MCQ generates three kvalues for
small (mean = $25), medium (mean = $55), and large (mean = $85) magnitude rewards. Ten
control items provided choices between smaller versus larger rewards, both immediately
available. A criterion of 280% correct was used to define adequate effort and attention. To
maximize validity, performance on the two measures was consequated such that all
participants received one in six chance to receive an outcome from their choices (value =
$10-$100). Specifically, using Kirby et al.’s (1999) procedure, participants rolled a six-sided
die following the tasks and those who rolled a six received the outcome for one of their
choices (either immediately or at the specified delay). The actual choice received was
randomly determined via the selection of one poker chip from a fishbowl containing chips
pertaining to all of the items on the tasks.

SNP Genotyping and Quality Control

Genotyping was performed using the lllumina PsychArray BeadChip platform, which calls
~600,000 markers and has optimized tag SNP content from the International HapMap
Project to capture the maximum amount of common variation. Quality control filtering was
implemented in PLINK v1.9 (Chang et al. 2015). Autosomal SNPs were filtered for call
rates < 98%, Hardy-Weinberg Equilibrium (HWE) violations of p< 1 x 1076, MAF < 5%,
and invariance. After filtering, 437,652 SNPs remained for imputation, which was
performed using IMPUTE2 v.2.3.1 (Howie et al., 2009) employing the 1000 Genomes Phase
3 b37 reference panel (Delaneau et al. 2014). Imputed SNPs were excluded if they provided
an information score of < .3 (Marchini and Howie 2010), MAF < 5%, HWE violations of p
<1 x 1078, missingness > 5%, and multiallelic status. Imputed SNPs with confidence < .9
were set to missing.

Data Analysis

The DRD task was analyzed using nonlinear regression and fitting the commonly used
hyperbolic temporal discounting function (Mazur 1987). To generate a single DRD index
across delayed reward magnitudes and the task and MCQ, the four indices were consolidated
using principal components analysis (PCA; oblique rotation [direct oblimin, §=0]), as has
been used successfully previously (Amlung and MacKillop 2014; VanderBroek et al. 2015).
Thus, the primary DRD performance index in all subsequent analyses was the first principal
component of the four kA values. Given the established relevance of age and income to DRD
(Green et al. 1994; de Wit et al. 2007), both were included as a priori covariates. Two
additional candidate covariates were explored, site and sex, and were only included if
significantly associated with DRD. Phenotypic analyses were conducted using SPSS, v22.0
(IBM Corp., 2011).

Genetic analyses used Genome-wide Efficient Mixed Model Association (GEMMA)
software (Zhou and Stephens 2012) to conduct univariate linear mixed model associations
between the loci from each subset (16 a priori loci, 12,990 HVA loci, and 4,883,968
genome-wide SNPs) and DRD performance. This approach accounts for cryptic relatedness
among individuals, which is modeled out as a random effect (i.e., the genetic correlation
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between individuals). To maximize resolution of effects, an additive genetic effect model
was used whereby participants were coded based on the number of minor alleles for each
SNP (0-2). A priori loci were defined as SNPs that were previously reported in peer-
reviewed publications to be significantly associated with DRD in populations of European
ancestry. 2 a priori loci were excluded for excessive missing values (> 5%). Following
quality control, 16 a priori loci, 12,990 of the 20,652 HVA SNPs, and 4,883,968 genome-
wide SNPs were present for analysis. Type | error rate was apportioned according to the
prioritized subset. For a priori tests, a nominal a=.05 was used; for the HVA markers, a
Benjamini-Hochberg (1995) false discovery rate (FDR) correction was applied; for the
atheoretical genome-wide scan, the standard genome-wide significance threshold was used
(p< 5 x 1078)(Pe’er et al. 2008; Panagiotou and loannidis 2012). Statistical power was
generated using Quanto software (Gauderman 2002) and, at power = .80, the a prioritests
had a minimum detectable effect (MDE) of .8% of variance, a small-to-medium effect size,
depending on conventions. For the HVA markers, formal power analysis was not conducted
because FDR correction is specific to empirical p values, but the genome-wide power
analysis provides a conservative estimate for the HVA marker. For the genome-wide
analyses, at power = .80, the MDE was 4.0% of variance, a large effect size.

Preliminary Analyses

1,000 participants had valid genotyping data (call rates = 98%, inbreeding coefficient
absolute value < .02, concordant self-reported sex and X-chromosome determined sex) and
satisfied the inclusion/exclusion criteria. To verify and correct the misclassification of self-
reported race, principal components analysis (PCA; Price et al., 2006) was conducted. Two
population outliers were identified and removed by visual inspection of the principal
components plot.

Eight participants were excluded for missing data and two participants were excluded for
invalid task performance (i.e., <80% on control items). Among valid participants,
consistency on the control items was very high: M= 98%; 91% = all correct responses, 8%
= one error, 1% = two errors. Finally, participants were assessed for cryptic relatedness
(Yang et al. 2011) and two were removed for relatedness > .05, leaving the final sample of
986 participants (Table 1).

Nonlinear modelling provided a good fit to the DRD task (median /2= .86). The resulting &
values were positively skewed, as is typical, and were logarithmically transformed (base-10,)
which substantially improved the distributions. Very high correlations among the individual
magnitude & values (/s=.75-.86, ps<107130) supported the use of PCA and the resulting
eigenvalue from the first component was 3.40 (all subsequent <.30), accounting for 85% of
the variance among the four discounting indices. The component loadings were uniformly
high: .90-.94. With regard to covariates, age was significantly associated with DRD (r=.06,
p=.05) but income was not (r=.03 p= 36), although both were included in subsequent
models given their a priori status. Site differences were present (#(1,983) = 15.02, p<.001),
but sex differences were not (£(1,983) = 1.17, p=.28), so only site so site was included as
an additional covariate.
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A Priori Loci

Of the a prioriloci assessed, one locus was nominally significant (Table 2). Specifically, the
minor (T) allele of rs521674 and G allele of rs1800544 in ADRAZA were significantly
associated with less impulsive DRD (Bs= -.10, SEs = .05, ps=.046); identical values are
because these loci were in total linkage disequilibrium (/2 = 1.0). The inverse coefficients
reflect fewer minor alleles being associated with more impulsive DRD.

High-value Addiction Markers

Of the 12,990 HVA loci, none survived FDR correction. The top three strongest associations
were for rs4986850 in breast cancer 1 (BRCAI) on chromosome 17 (p=0.000096;),
rs1563119 in non-coding RNA on chromosome 2 (p =.0002), and rs10799790 in leucine
zipper protein 1 (LUZPI) on chromosome 1 (p=.0004). Test statistics and other
information for the top 50 most significant associations are in Supplementary Table 1.

Genome-wide Association Analysis

The genome-wide analysis yielded one significant association on chromosome 2.
Specifically, the minor (T) allele of rs13395777 was significantly positively associated with
more impulsive DRD (B = .27, SE = .05, p= 2.8 x 1078; MAF = .33). Figure 1 shows the
results of the GWAS using both quantile-quantile (Q-Q) plots and Manhattan plots. The
significant locus is intergenic and closest to RNA55P94 and XR_940133.1. To inform future
studies, the top 50 most significant genome-wide associations are reported in Supplementary
Table 2.

DISCUSSION

This study examined genetic influences on impulsive DRD, a psychological phenotype
robustly associated with addiction, using a genome-wide prioritized subset approach. First,
we examined a priori selected loci based on previously reported significant associations.
Most of the previous associations were not replicated, although rs521674 and rs1800544, in
ADRAZA, were nominally significant (the association would not have survived Type | error
rate correction). ADRAZA encodes the a2 adrenoreceptor and this locus has previously
been implicated in impulsive DRD among individuals with cocaine use disorders (Havranek
et al., 2013). This association is consistent with preclinical pharmacological studies that
found the noradrenaline-specific reuptake inhibitor atomoxetine reduces DRD (Robinson et
al. 2008; Sun et al. 2012). However, it is notable that the pattern of association in healthy
individuals was opposite the pattern in individuals with cocaine addiction, where possession
of more minor alleles was associated with steeper discounting. With the potential exceptions
of these loci, the current findings do not confirm previously reported associations. We
cannot reach any firm conclusions about whether the previous findings were false positives
or whether that those associations were moderated by methodological differences (e.g.,
differences between clinical groups and a healthy normative sample).

The second prioritized subset comprised a moderately sized set of markers specifically
related to addiction. Although we predicted that this enriched marker set would reveal
associations with DRD, no loci survived the type | error correction and none showed
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promising trends given the number of tests conducted. Interestingly, the genome-wide scan
detected one significant association that exceeded the conventional threshold of 5x1078
(Pe’er et al. 2008; Panagiotou and loannidis 2012). However, this locus is intergenic and
nearby genes have no known relationships to the brain or behavior, making its functional
role unclear. It is possible that this locus influences the regulation of distant genes (Krijger
and de Laat 2016), but, absent any evidence that this is the case, caution should be applied to
this finding. Furthermore, the study did not include a replication sample to provide
independent corroboration of the association. Further evidence in support of this association
is needed.

These findings should be considered in the context of the study’s strengths and weaknesses.
In terms of strengths, the study had much wider genomic scope than most prior studies and
the prioritized subset design provided a principled framework for doing so. In addition, the
study used a high-resolution latent DRD phenotype comprising four temporal discounting
functions and incentivized procedure that maximized participant engagement and salience of
the reward. Evidence in support of the characterization of the phenotype was present in
terms of the very high performance on control items. However, the study had a number of
limitations also. Although it was arguably the largest human laboratory study on DRD
decision making to date, the sample size was modest in terms of genome-wide studies.
Beyond the a priori tests, the study was only powered to detect relatively large effects. As
such, an important corollary of these findings is that the study cannot speak to smaller effect
size associations. Necessarily, if, as this study would suggest, the genetic architecture of
DRD is in fact a function of numerous alleles with small effects, substantially larger sample
sizes will be necessary for sufficient power to detect them reliably. This is proving to be the
case for clinical addiction phenotypes (e.g., Thorgeirsson et al. 2008) and other complex
phenotypes (e.g., Okbay et al. 2016). Larger sample sizes would also permit the application
of additional genome-wide methods (e.g., Yang et al. 2010). In addition, independent of
sample size, a limitation to the current findings is that that they may not be generalizable
beyond individuals of European ancestry. This has also been the case for virtually all of the
previous studies in this area, albeit a small number, but it is no less a limitation because of it.

A feature of the current study that was both a strength and a potential limitation its inclusion
criteria in terms of substance use. All participants reported relatively low levels of substance
use during the prior year by self-report and were verified to have not recently used drugs or
alcohol (with varying detection windows by test). This permitted the study to rule out recent
drug involvement as a substantial determinant of DRD, either as a symptom or a
neurocognitive consequences of heavy use. On the other hand, however, low substance use
may have truncated the observed variability in the larger population. Moreover,
epidemiologically, substance use and misuse peak in the age group recruited for the study
(Slutske 2005; Courtney and Polich 2009), so low substance use may make this sample even
less representative of the general population. Whether the exclusive focus on individuals
with low levels of substance use increased or decreased resolution in this study cannot be
addressed directly, but it is an important consideration for contextualizing the current
findings.
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At a broader level, it is worth considering the optimal experimental designs for investigating
DRD (and other processes) as an endophenotype for addiction. Cases can be made for
studies focusing on samples that either exclusively do not or do have heavy levels of
substance use, but case-control or dimensional studies that are sufficiently powered and fully
span the spectrum of severity (i.e., absence of problems to severe addiction) may maximize
the capacity to detect differentially predictive loci. Furthermore, all the molecular genetic
studies on DRD to date, including the current one, have been cross-sectional. This
substantially limits the capacity for inferring causality (MacKillop and Munafo 2016).
Longitudinal designs that permit disentangling the interrelationships between genetic
variation, DRD decision making, and addiction will be necessary to test causal pathways
more definitively.

In sum, the current study investigated genetic associations with DRD preferences in three
different domains. We found little support for previously reported associations, with the
possible exception of ADRAZA, or an addiction-enriched marker set, but found one
significant genome-wide association, warranting further study. The findings advance the
understanding of genetic influences on DRD, both via the associations positively detected
and the implication of DRD’s genetic complexity and, in turn, the need for larger samples to
identify its genetic underpinnings more conclusively.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PUBLIC HEALTH SIGNIFICANCE

Steep discounting of future rewards has been substantial associated with addiction and
other psychiatric disorders. Increasing evidence implicates genetic influences, but most
previous studies have had relatively small sample sizes, limited genomic scope, and
potentially confounding levels of previous substance use. This study addresses these
issues and finds further evidence for one previously reported genetic association and a
novel genome-wide association, further elucidating genetic contributions to this form of
impulsivity.
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Figure 1.
A) Q-Q and B) Manhattan plot of genome-wide associations for DRD performance.

Significance values were —logyg transformed in order to display the smaller p-values as
larger in the figures. The Q-Q plot depicts the observed and expected p-values. The
Manhattan plot displays level of significance for each SNP, organized by chromosomal
position from chromosomes 1-22. The blue line indicates suggestive significance (p<107°)
and the redline indicated genome-wide significance (p<5x1078).
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Participant characteristics (V= 986)

Table 1

Variable % / Mean (SD) / Median

Site 1 (n=650)

Site 2 (n=336)

Age

Sex
Income
Education
AUDIT
DUDIT
DDT
McQ-s?
MCQ-M
MCQ-L

PCA-DRDb

21.68 (3.31)
62.2% Female
$60,000 — $89,999

1455 (2.22)
4.26*(3.13)
137722
-2.370 ™ (.80)
-2.3017(.66)
-2.1317(.69)
-1.867(.68)

07 (1.00)

22.88 (3.26)
61.3% female
$30,000 — $59,999
15.36 (2.11)

491 (2.88)
1.79 (2.43)
-2.43 (.82)
-2.355 (.69)
-2.191 (.71)
-1.92 (.72)

-.09 (1.04)

19.38
63.6% female
$90,000 — $119,999
12.98 (1.45)

3.00 (3.21)
55 (1.34)
-2.25 (.76)
-2.20 (.58)
-2.01 (.62)
-1.76 (.58)

17(.88)

Note: AUDIT = Alcohol Use Disorders Identification Test; DUDIT= Drug Use Disorders Identification Test; MCQ = Monetary Choice

Questionnaire; Site 1 = Chicago, IL; Site 2 = Athens, GA,

*
p<.05;

alog-lO transformed;

b . o .
standardized via principal components analysis
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Associations between a priori loci and delayed reward discounting preferences.

Table 2

Minor
Chr  Locus Gene Missing  Allele  MAF B SE P

3 rs3773678 DRD3 41 A 112 0.002 0071 .974
3 rs7638876 DRD3 29 C 315 0.088 0.048 .071
rs464049 SLC6A3 0 G 446 -0.040 0.045 372

5 1512652860 SLC6A3 14 A .279 0.033  0.050 .505
6 rs1360780 FKBP5 14 T .306 -0.070 0.048 .142
7 rs10249982¢  DDC 4 G 241 0.058 0.050 .250
7 rs102446322  DDC 9 T .257 0.051 0.049 .307
7 rs14661632 DDC 4 A 116 0.023 0.070 .747
7 rs104996962 DDC 10 G 120 0.031 0.069 .648
10  rs521674P ADRA2A 23 T .263 -0.103 0.052 .046
10 rs1800544°  ADRA2A 20 G .263 -0.102 0.051 .046
10  rs602618P ADRAZA 39 C .265 -0.076 0.051 .142
10  rs363338 SLCI8A2 37 c 299 0.024 0.050 .631
11 rs1800497 ANKK1 0 A .185 -0.028 0.057 .630
11 rs1079597 DRD2 0 T 151 -0.037 0.062 .550
22 rs4680 comMT 0 G 480 -0.071 0.044 .104

Notes. Bolding indicates nominally significant effects were identified (o < .05).

Page 19

*
located near but not in the associated gene. Beta coefficients reflect number of minor alleles; letter superscripts reflect high linkage disequilibrium

(R2>.80) among loci with common letters.
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