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Abstract
Research supports the idea that “delay discounting,” also known as temporal
discounting, intertemporal choice, or impulsive choice, is a transdisease process with
a strong connection to substance use disorders (SUDs) and other psychopathologies,
like attention deficit hyperactivity disorder and depression. This article briefly reviews
the evidence used to conclude that delay discounting is heritable and should be
considered to be an endophenotype, as well as evidence of its behavioral and genetic
associations with SUDs. It also discusses the limitations that should be considered
when evaluating the strength of these associations. Finally, this article briefly describes
research examining relationships among delay discounting and SUD-associated inter-
mediate phenotypes to better understand the conceptual relationships underlying the
links between SUDs and delay discounting, and identifies research gaps that should be
addressed.
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Introduction

Basic and applied behavior analysts have been growing more interested in the role of
genetics in psychopathology. One such psychopathology is addiction, which the
American Psychiatric Association (APA) defines as synonymous with “substance use
disorder” (SUD) (APA, 2013): “a brain disease that is manifested by compulsive
substance use despite harmful consequence” (emphasis added). However, recent con-
ceptualizations of addiction have distinguished between substance and nonsubstance
addiction (e.g., Zou et al., 2017). By definition, both require that individuals engage in
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behaviors that result in problematic consequences. Further, both use subcategories to
increase clinical precision. In terms of substance addiction, a diagnosis of a SUD
usually specifies the particular substance being used, such as alcohol in alcohol use
disorder or marijuana in cannabis use disorder. Likewise, diagnoses of nonsubstance or
behavioral addictions specify the particular behavior that is problematic, such as
gambling in pathological gambling disorder or sexual activity in sex addiction. How-
ever, substance and nonsubstance addictions differ substantially in the degree to which
researchers have explored their characteristics. This may be partly attributable to
national research funding priorities, which prioritize research on SUDs. As a result,
the extent to which SUD and nonsubstance addiction share epidemiological, neurobi-
ological, behavioral, and therapeutic features is currently unclear. Filling this knowl-
edge gap is critical if researchers and practitioners are to determine whether lessons
learned from research and treatment of SUDs can be applied to nonsubstance
addictions.

Identifying Genetic and Phenotypic Correlates of SUD

The present article focuses only on addiction research associated with SUD because
there is a significant body of research examining its genetic correlates, in contrast to the
nascent state of research in the genetics of nonsubstance addiction. SUD has long been
viewed as having a genetic component based on family pedigree studies, twin studies,
and adoption studies that examined commonly used substances like alcohol, nicotine,
and marijuana (e.g., Hopfer, Stallings, Hewitt, & Crowley, 2003; Walters, 2002).
Studies using animal models have further supported the importance of genetics in
substance use, e.g., alcohol: Barkley-Levenson and Crabbe (2014); and nicotine: Chen,
Hiler, Tolley, Matta, and Sharp (2012). It is not surprising that human studies of SUD
heritability for less frequently used substances, like cocaine or methamphetamine, are
lacking; though studies using rodents indicate their use also involves a heritable
component (e.g., Eastwood, Barkley-Levenson, & Phillips, 2014).

Unfortunately, although there is clearly a genetic contribution to SUD, identifying
specific genes has been difficult due to a number of complicating factors, which could
be addressed by additional research. First, SUDs can easily be demonstrated to involve
both genetic (G) and environmental (E) factors, and there are compelling data indicat-
ing that G x E interactions are also critical to determining whether a particular
individual manifests a SUD or not (e.g., Chartier, Karriker-Jaffe, Cummings, &
Kendler, 2017). Oft-provided examples to demonstrate the importance of G x E
interactions in SUD include the lack of alcohol use disorders in populations for whom
alcohol drinking is culturally or religiously forbidden, increased vulnerability to SUD
during adolescence or increased likelihood of relapse to use during periods of height-
ened stress at any age. Second, it is difficult to disentangle the genetics of SUDs from
the genetics of commonly comorbid psychiatric disorders, such as attention deficit
hyperactivity disorder or depression. Partly this difficulty stems from the high proba-
bility that nongenetic etiological commonalities, such as early life trauma, affect the
occurrence and severity of both the SUD and the psychiatric disorder. It is further
exacerbated by the action of positive feedback processes by which substance use
augments the symptoms of the psychiatric disorder, such as anxiety, which in turn
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increases subsequent substance use (Carey et al., 2016; Kendler, Prescott, Myers, &
Neale, 2003; Reginsson et al., 2018). A third complicating factor is related to the
complex biological mechanisms by which genes affect an individual’s behavior.
Multiple biological processes intervene between the possession of a specific genotype
and an individual’s behavior. Considering the nature of genes and an individual’s
genotype will make the source of this complication clearer. Each individual’s genome
is composed of numerous chromosomes, 23 pairs in humans, 21 in rats, and 20 in mice,
and each chromosome contains multiple genes. The genes themselves are made up of
double strands of deoxyribonucleic acid (DNA), formed from connected pairs of
molecules or bases (adenine paired with thymine and guanine paired with cytosine).
Although the strands are continuous, different genes are associated with different
lengths and so are composed of different number of pairs of bases. Individual differ-
ences in the specific set of these bases at a particular locus in the gene are called genetic
polymorphisms. For example, at one locus (SNP rs 4680 in humans) there can be either
two adenine nucleobases, an adenine and a guanine or two guanines. It is interesting
that studies examining individuals with each of these three genetic polymorphisms at
this locus have demonstrated that having a pair of two adenine nucleobases, rather than
either the adenine + guanine or two guanines, is associated with heightened choice of
the delayed alternative in the monetary choice task used to assess delay discounting, as
discussed in more depth later in this article. However, the precise intervening steps by
which these differences at a single SNP locus on the genome are translated into
behavior is not entirely known. It is currently unclear how much the lack of basic
biological knowledge illustrated in this example will slow progress in confirming the
identity of genes and G x E interactions affecting the SUD phenotype, or whether it will
merely retard our understanding of the mechanisms explaining the linkage. Finally, a
fourth complicating factor of particular interest to behavior analysts is that a SUD
diagnosis requires an individual to engage in multiple behaviors associated with
substance use, each of which could be linked to multiple genes. These behavioral
phenotypes include, but are not limited to, drug seeking, drug taking, and reporting
particular subjective and physiological effects acutely and chronically. Underscoring
their importance, many are explicitly incorporated into the diagnostic elements required
for a SUD diagnosis by the Diagnostic and Statistical Manual of Mental Disorders
(DSM), 5th edition (APA, 2013). As an aside, qualitative and quantitative changes in
these behaviors would potentially be required to accommodate those less established,
nonsubstance addictions such as gambling, self-tanning, or social media use mentioned
earlier (Byun et al., 2009; Nolan, Taylor, Liguori, & Feldman, 2009; Reed, Kaplan,
Becirevic, Roma, & Hursh, 2016). Such an expansion in the behavioral phenotypes
might result in additional genetic polymorphisms needing to be identified, or may
weaken the importance assigned to some, already-identified polymorphisms.

A critical strategy to address this fourth complication is that researchers must
characterize SUD-associated phenotypes and factors that affect their manifestation
substantially, that is, the operating three term contingencies, before trying to confirm
their genetic bases. Behavior analysts are in an excellent position to add to the
understanding of the role of genetics in SUDs because they have a sophisticated
understanding of the complexity of delineating the three term contingencies in sub-
stance use. This understanding provides an excellent basis when thinking about how
individual differences in sensitivity to stimuli and reinforcer contingencies can
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influence the initiation, maintenance, and resistance to the extinction of problematic
substance use. Only clear delineations of the individual differences in the SUD-related
behavioral phenotypes and the variables influencing their expression will provide a
workable foundation for researchers to link these behaviors to particular genes.

One approach to delineating these phenotypes can be characterized as “splitting,” in
which behavioral or nonbehavioral phenotypes specific to individual SUDs are iden-
tified. For example, research clearly indicates that faster metabolism of nicotine is
associated with shorter intercigarette-intervals and an increased susceptibility to nico-
tine dependence, and this biological process has been linked to single nucleotide
polymorphisms of the cytochrome P450 2A6 (CYP2A6) gene (see Chenoweth &
Tyndale, 2013, for review). An alternative approach to splitting is “lumping,” in which
phenotypes associated with multiple SUDs or addictions are identified (Morrow &
Flagel 2016). For example, Billieux, Schimmentic, Khazaal, Mauragea, and Heerena
(2015) focused on the degree of functional impairment experienced by an individual
and the stability of this dysfunction as a molar characteristic of SUD. Others have
focused more on biological markers as phenotypes. For example, Everitt and Robbins
(2005) created a SUD diagnostic criterion based on there being a transition from
occasional, casual substance use activity to compulsive, stimulus-/contingency-inde-
pendent activity. However, a key feature of their definition is that there must be
alterations in the location of neural activity from prefrontal cortex to striatal regions
accompanying the behavioral change (Everitt & Robbins, 2005).

There are advantages and disadvantages to adopting splitting or lumping ap-
proaches. Although lumping may provide “big-picture” phenotypes and genotypes, it
also results in researchers ignoring possibly important differences amongst SUDs. This
disadvantage can be illustrated by considering an extreme case, a hypothetical study in
which comparisons are made between the phenotypes and genotypes of healthy
controls and those diagnosed with a SUD, be those nicotine dependent smokers or
methamphetamine dependent individuals. Although not as extreme, researchers often
lump people diagnosed with alcohol use disorder together, ignoring research indicating
that there are phenotypic and genotypic differences between those with family histories
of alcohol problems and those without (e.g., compare Czapla et al., 2017, and Kareken
et al., 2013). In contrast, the splitting approach identifies phenotypic differences
between healthy controls and a specific SUD or subset of individuals within that
SUD, and is unconcerned about whether that phenotype is observed in other SUDs.
From a gene discovery perspective, splitting approaches will be more likely to identify
genes associated with phenotype linked to a single particular SUD, such as CYP2A6
which appears to have a role only in nicotine metabolism relevant to SUDs. With
lumping approaches, it will be more difficult to identify genes that have more subtle or
substance specific roles, but genes with relatively larger effect sizes or more general
roles in SUD (“transdisease phenotypes”), should be more easily identified.

The Research Domain Criteria (RDoC) initiative from the National Institutes of
Health Institute of Mental Health [NIMH] (NIMH, n.d.) supports the search for
“transdisease” phenotypes that encompass not only different SUDs but also other
psychiatric disorders such as depression and schizophrenia. For transdisease pheno-
types already identified, e.g., novelty seeking (Wingo, Nesil, Choi, & Li, 2016), there
are data indicating a strong heritable component. Phenotypes having such genetic
components, coupled with being continuous, quantifiable measures linked to a
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psychopathology like SUD, are referred to as endophenotypes (Gottesman & Gould,
2003). Another term, “intermediate phenotype,” was originally developed to label
biological traits or processes linked to disorders like SUDs, without meeting all of
the criteria used to classify a phenotype as an endophenotype, but more recently it has
been used as a synonym for endophenotype (MacKillop & Munafò, 2013) and both
terms will be used interchangeably in this article. As noted earlier, novelty seeking can
be classified as a transdisease endophenotype, but a number of research papers have
suggested that another is “delay discounting” (Bickel & Mueller, 2009; Bickel,
Jarmolowicz, Mueller, Koffarnus, & Gatchalian, 2012; Volkow & Baler, 2015). The
remainder of this article reviews the evidence used to conclude that delay discounting is
an endophenotype, its association with SUD and, finally, discusses progress and
limitations associated with understanding the associations between delay discounting
and other phenotypes linked with SUD.

Delay Discounting as an Endophenotype

There are clear data indicating that delay discounting is heritable. In humans, Anokhin
and colleagues (Anokhin, Golosheykin, Grant, & Heath, 2011; Anokhin, Grant,
Mulligan, & Heath, 2015) reported correlations of the range 0.5–0.6 in monozygotic
twins compared to 0.1–0.3 in dizygotic twins, using the classical twin study approach
of comparing the level of association for indices of delay discounting between twin
pairs. These correlations indicate a genetic contribution (G) to the delay discounting
performance of approximately 0.6 (60%), derived from the difference between the
monozygotic versus dizygotic twin correlations. These heritability coefficients are
consistent with data from studies examining differences in delay discounting between
pairs of inbred rat strains, which are assumed to arise from differences in genotype
because individuals within each inbred strain have identical genotypes (e.g., Anderson
& Woolverton, 2005: Lewis and Fischer 344 inbred rat strains obtained from Harlan,
Indianapolis IN; Stein, Pinkston, Brewer, Francisco, & Madden, 2012: Lewis and
Fischer 344 inbred rat strains obtained from an unspecified source unspecified); though
it should be noted that estimates of heritability cannot be calculated with any confi-
dence when only two inbred strains are examined. More compelling, several studies
exist in which delay discounting was examined in multiple inbred mouse and rat
strains; these studies have suggested a heritability coefficient of about 0.5 (Garcia &
Kirkpatrick, 2013; Isles, Humby, Walters, & Wilkinson, 2004; Richards et al., 2013;
Wilhelm & Mitchell, 2009). In addition to the similarity to the estimates derived from
the human studies, these rodent data are made more persuasive because they were
obtained using different rodent species, strains, and procedures to quantify delay
discounting. All of which increases confidence in the conclusion that delay discounting
is strongly heritable in rodents and people alike.

Using a similar logic to that applied to SUD earlier in this article, after accepting the
evidence that delay discounting is heritable, a next logical step is to identify the specific
genes that contribute to the delay discounting phenotype. Complications arise in doing
this because, like SUD, delay discounting is a complex phenotype, implying the action
of multiple genes. Currently gene discovery strategies for SUD center on identifying
genes associated with specific behavioral components that contribute to a SUD being

Perspectives on Behavior Science (2019) 42:419–432 423



observed, such as sensitivity to drug-associated cues. A similar strategy for delay
discounting will require better delineations of component processes of delay
discounting, because each process might be associated with distinct genotypes. To
illustrate the types of processes that might be involved, imagine an individual
exhibiting higher levels of delayed reward discounting, as demonstrated by a greater
likelihood of choosing a smaller, sooner reward over a larger, later reward. This choice
pattern might be attributable to the action and interaction of any of the following
independent, component processes.

Reward Size Related

1. Higher motivation for the smaller, sooner reward; possibly exacerbated if the
smaller, sooner reward is present at the time of the choice or by the physiological
state of the individual.

2. Lower sensitivity to differences in reward size between the smaller, sooner and
larger, later rewards, which may reduce the relative attractiveness of the later
reward.

Reward Delay Related

3. Higher sensitivity to the length of the delay associated with the larger reward,
possibly due to differences in temporal processing.

4. Higher levels of aversion to the prospect of waiting for reward, independent of the
length of the delay period.

5. Higher levels of discomfort associated with any uncertainty associated with deliv-
ery of the reward in the future.

Integration of Alternatives

6. Low integration of valuation information for the smaller, sooner, and larger, later
rewards resulting in a reliance on any preexisting bias, presumably toward the
smaller, sooner reward.

It should be noted that these processes are assumed. Researchers do not ordinarily
assess components of delay discounting and, for some processes, assessment tools are
lacking or are underdeveloped. However, it is strongly recommended that this should
be a focus of future research because the independent contributions of these processes
may be responsible for trait-like individual differences in delay discounting, and they
may be differentially affected by manipulations aimed at altering delay discounting (see
research by Kim Kirkpatrick’s group for a notable exception to this neglect, e.g.,
Marshall, Smith, & Kirkpatrick, 2014). Because these data are lacking, the individual
differences in the delay discounting phenotype are discussed during the remainder of
this article as if they arise through the action of a single process.

The strategy used by most studies to examine the genetic basis of the delay
discounting phenotype has been to identify candidate genes in humans, selected
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because of their links to neuropharmacological processes known to affect delay
discounting. Examining individuals with polymorphisms in catechol-ortho-
methyl-transferase (COMT) provides an example of this approach. COMT
enzymes are critical in metabolizing dopamine. This neurotransmitter is known
to play a role in delay discounting in prefrontal regions of the brain such that
increased dopamine is associated with more delay discounting (e.g., Gianotti,
Figner, Ebstein, & Knoch, 2012; Paloyelis, Asherson, Mehta, Faraone, &
Kuntsi, 2010), although the exact mechanism by which this occurs is not
entirely known. The efficacy with which COMT acts is determined by the
presence of G [guanine] and A [adenine] in the codon in the COMT gene; G
codes for valine amino acid whereas A codes for methionine amino acid, which
is associated with less efficient metabolism of dopamine resulting in increased
dopamine availability. Accordingly, it is not surprising that MacKillop et al.
(2015) reported that individuals with two copies of the gene coding for adenine
nucleobases (A/A) exhibited higher discounting than those with the adenine/
guanine (A/G) or guanine/guanine (G/G) polymorphisms (also Smith &
Boettiger, 2012). Polymorphisms in other genes have been identified using a
similar strategy drawing on knowledge about the genetic bases of the dopamine
and other neurotransmitter systems (e.g., Eisenberg et al., 2007; but also see
Hart, de Wit, & Palmer, 2013, for a study indicating that these studies may
have replication issues).

Candidate gene studies in rodents are surprisingly lacking. One reason for this lack
is that traditionally mouse models have been used to examine the role of genetics in
SUD behaviors. However, relatively few research groups have examined delay
discounting in mouse models (e.g., Nautiyal et al., 2017), perhaps because of the
difficulties associated with producing stable delay discounting in mice or the long
duration of required training (see Mitchell, 2014, for a protocol describing mouse
discounting procedures and troubleshooting tips). One notable exception is Nick
Grahame (e.g., O’Tousa, Matson, & Grahame, 2013; Oberlin & Grahame, 2009).
However, the Grahame lab has not focused on identifying candidate genes associated
with delay discounting, but rather has confirmed that different genotypes, related to
ethanol use, exhibit differences in delay discounting. A second reason for the lack of
candidate gene studies in rodents is that, although researchers using rats have produced
stable delay discounting without problems, these teams have focused on identifying the
neuroanatomical and neuropharmacological correlates of the behavior rather than on
identifying the specific genes underlying the delay discounting phenotype (e.g., Frost &
McNaughton, 2017).

Although not an issue until a body of literature is created, caution should be
exerted when comparing identified genes in rodents to those derived from
human candidate gene studies and when interpreting G x E interactions. There
are two sources for this recommendation of interpretational hesitancy: proce-
dural differences between studies using different species that might affect some
of the putative component processes of delay discounting and not others, as
might the radically different environments in which humans and rodents are
studied. With respect to the procedural differences, for example, in human or
rodents for whom high delay discounting is driven by differences in sensitivity
to delay (reward delay processing), candidate gene studies might identify
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similar gene targets despite different delay lengths in the experimental proce-
dures (days and months for people, seconds for rodents). However, for individ-
uals in whom sensitivity to differences in reward size (reward size processing)
is the key driver of high delay discounting, use of hypothetical rewards in
humans and real rewards in rodents might cause different genes to be identified
even though both species’ discounting is driven by the same basic process. This
is speculation but without additional research examining the component pro-
cesses of delay discounting, interpretation of any differences in identified genes
will be difficult. With respect to the environmental contribution to delay
discounting behavior, for example, the richness of human versus rodent envi-
ronments may create contrasts that qualitatively and quantitatively effect reward
processing in rodents and people. However, without the first steps in which
common genes are identified, evaluating species-specific or process-specific
nuances is not feasible.

Extending the earlier candidate gene studies, and in a collaboration with
23andMe (https://www.23andme.com/), Sanchez-Roige et al. (2018) reported the
results of a genome-wide association study (GWAS) for delay discounting in
people. Although there were some genes that approached the conventional
statistical threshold for GWAS studies of 5 x 10-8, only GPM6B, a
glycoprotein widely expressed in the brain and associated with cellular
housekeeping and membrane trafficking, was significantly associated with
delay discounting. Genes identified though candidate gene studies, such as
COMT mentioned earlier, did not pass the statistical threshold. The reason for
this discordance is not immediately clear and raises concerns about both
procedures for gene discovery. A number of limitations and caveats associated
with each method are well recognized. In candidate gene studies, for example,
the biological rationale for the choice of gene examined is often unclear
because, as noted earlier, there are complex, unidentified steps intervening
between gene transcription and behavioral outcomes. Further, even when a
reasonable gene candidate is selected based on biology, the frequency of the
different polymorphisms in the population may result in the study being
underpowered and the critical genes being unidentified in the analysis. In
GWAS, a source of dissatisfaction is that when significant gene variants are
identified, like GPM6B, they usually have only small associations with the
heritable trait of interest. There has been a growing interest in complementary
approaches. Thus, Boyle, Li, and Pritchard (2017) argued that complex traits,
such as delay discounting, are most likely attributable to small coding varia-
tions within networks of genes spread across the genome, the “omnigenic
model.” Such a perspective would suggest that specific genes might be identi-
fied as important in GWAS or candidate gene studies but the key factor is how
those genes function within the network of other genes. This conceptualization
is similar to the view in neuroscience that while specific regions are important,
e.g., the nucleus accumbens core in delay discounting (e.g., Cardinal, Pennicott,
Sugathapala, Robbins, & Everitt, 2001), but the activity–inactivity correlations
(functional connectivity) with other regions is also critical (e.g., Costa Dias
et al., 2015). Several future research directions are thus warranted to understand
delay discounting as an endophenotype: research confirming the role of GPM6
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B, additional GWASs replicating these findings and exploring connections to
genes identified through candidate gene approaches, as well as studies examin-
ing the genetics underlying processes contributing to delay discounting.

Associations between SUDs and Delay Discounting Phenotypes

Behavioral data linking delay discounting and SUDs appear unassailable and
have been comprehensively reviewed in a number of articles and meta-analyses
(e.g., Amlung, Vedelago, Acker, Balodis, & MacKillop, 2016). These reviews
indicate several truisms. First, individuals who have been diagnosed with a SUD,
or who use a substance recreationally, exhibit higher levels of discounting than
those who have no such diagnosis. Second, this relationship is observed across
numerous substances: opiates and opioids, methamphetamine, cocaine, nicotine,
and alcohol, though data for marijuana are inconclusive (Strickland, Feinstein,
Lacy, & Smith, 2016; VanderBroek, Acker, Palmer, de Wit, & MacKillop, 2016).
Third, higher levels of delay discounting have been associated with earlier ages
of substance use (e.g., Audrain-McGovern et al., 2009, for tobacco use; but also
see Isen, Sparks, & Iacono, 2014) and a higher likelihood of relapse during
cessation attempts (e.g., Sheffer et al., 2014). Referring back to the discussion of
lumping and splitting, these results, and the association of high levels of delay
discounting with other psychopathologies like schizophrenia and depression (e.g.,
Ahn et al., 2011), are the basis on which researchers have suggested that delay
discounting can be thought of as a transdisease phenotype.

The association between higher levels of delay discounting and a higher likelihood
of a SUD diagnosis appears highly consistent between numerous research groups, as
indicated by the meta-analyses mentioned earlier. However, it should be noted that
most of the studies were performed using quasi-experimental methods; that is, com-
paring individuals diagnosed with the SUD of interest or not (e.g., Hoffman et al.,
2006: comparing methamphetamine dependent users and healthy controls). Such
studies often have fewer than 50 participants in each diagnostic group (see review by
Gowin, Sloan, Ramchandani, Paulus, & Lane, 2018, Table 1). This limits the statistical
power available if investigators try to identify contributing variables or interactions
with sociological, psychological, and biological factors that might contribute to the
linkage between delay discounting and SUDs. Most prior studies have augmented their
sensitivity to SUD diagnosis by equating groups on intellectual function, income, and
other variables known to influence both delay discounting and SUD. However, this
research strategy, although useful, does reduce the ability to detect interactions and
mediational relationships amongst SUDs, delay discounting, and these other variables
by restricting the ranges of variables like intellectual function and income. These
limited-N, matched designs also reduce the ability to determine if there are discontin-
uous functional relationships between delay discounting and psychopathology, that is,
relationships in which, beyond a specific threshold (“tipping point”), levels of delay
discounting become pathological. To examine such nuances and interactions, data sets
with hundreds of individuals and scalar or ordinal measures of SUDs are required. Only
under these conditions can Bayesian and other statistical modeling techniques can be
used (Chávez, Villalobos, Baroja, & Bouzas, 2017; Vincent, 2016).
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Smaller samples, however, can play a useful role for more targeted studies of links
between delay discounting and SUD-related phenotypes. Unfortunately, few experi-
mental studies exist. One exception is a study reported by Mitchell, Reeves, Li, and
Phillips (2006), who observed that mice that showed higher levels of drug-naïve delay
discounting for sucrose rewards also exhibited less locomotor activity following their
initial exposure to ethanol. This result is consistent with a body of research in humans
indicating that less physiological response to alcohol is a risk factor for future prob-
lematic alcohol use (Schuckit et al., 2011). In a second example, Weafer, Burkhardt,
and de Wit (2014) observed that adults with higher levels of discounting reported
greater levels of liking for solutions that were sweeter; a heritable preference associated
with an increased propensity to drink alcohol (e.g., Kampov-Polevoy, Tsoi, Zvartau,
Neznanov, & Khalitov, 2001). Unfortunately these types of study linking delay
discounting to phenotypes that have established relationships to SUD trajectories are
rare; addressing this knowledge gap could provide information useful to understanding
links between delay discounting and SUD phenotypes. It does not however, speak to
possible shared genes unless those SUD phenotypes are intermediate phenotypes.
Thus, examining relationships among delay discounting, intermediate phenotypes,
and SUD trajectories should be a high research priority.

Conclusions

The behavioral association between SUD and high levels of delay discounting
is clear. The contribution of genes to SUDs including alcoholism is well-
accepted, and data were presented here supporting the view that delay
discounting is also heritable. Data from inbred strains of rodent are compelling,
and data from human twin studies support the same conclusion. However,
identifying a heritable phenotype does not provide information about which
genes, or how many genes, are involved, nor information about their interac-
tions or interactions with environmental conditions. Further, it is not an auto-
matic consequence of both behaviors being heritable that there are common
genes for SUDs and delay discounting. Determining if there are indeed com-
mon genes is difficult. Several factors that contributed to this difficulty were
discussed including the complexity of SUDs and delay discounting behaviors
and the existence of multiple factors that influence these behaviors, each of
which may have specific genes associated with it. One research approach,
advocated in this article, is one in which high levels of delay discounting (or
contributory processes) are related to processes known to influence behavioral
phenotypes associated with SUDs, rather than the presence of absence of a
SUD diagnosis. These studies could suggest mechanisms by which SUDs and
delay discounting might be linked phenotypically. By identifying these linkages,
it is hoped that genetic bases of these common characteristics can be identified.
These studies may also suggest excellent places to intervene to reduce sub-
stance use and increase relative preference for the larger, later reward. Indeed,
ongoing initiatives by the National Institute for Drug Abuse (NIDA) and the
National Institute for Alcoholism and Alcohol Abuse (NIAAA) seek to identify
genes associated with these processes.
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