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Abstract

Modern nosologies (e.g., ICD-11, DSM-5) for alcohol use disorder (AUD) and dependence
prioritize reliability and clinical presentation over etiology, resulting in a diagnosis that is not
always strongly grounded in basic theory and research. Within these nosologies, DSM-5 AUD is
treated as a discrete, largely categorical, but graded, phenomenon, which results in additional
challenges (e.g., significant phenotypic heterogeneity). Efforts to increase the compatibility
between AUD diagnosis and modern conceptualizations of alcohol dependence, which describe
it as dimensional and partially overlapping with other psychopathology (e.g., other substance
use disorders) will inspire a stronger scientific framework and strengthen AUD’s validity. We
conducted a systematic review of 144 reviews to integrate addiction constructs and theories into
a comprehensive framework with the aim of identifying fundamental mechanisms implicated

in AUD. The product of this effort was the Etiologic, Theory-Based, Ontogenetic Hierarchical
Framework (ETOH Framework) of AUD mechanisms, which outlines superdomains of cognitive
control, reward, as well as negative valence and emotionality, each of which subsume narrower,
hierarchically-organized components. We also outline opponent processes and self-awareness as
key moderators of AUD mechanisms. In contrast with other frameworks, we recommend an
increased conceptual role for negative valence and compulsion in AUD. The ETOH framework
serves as a critical step towards conceptualizations of AUD as dimensional and heterogeneous.
It has the potential to improve AUD assessment and aid in the development of evidence-based
diagnostic measures that focus on key mechanisms in AUD, consequently facilitating treatment
matching.
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Introduction

Diagnosis is central to research on etiology, course, nosology, treatment, and prevention,
but available frameworks for diagnosing alcohol use disorder (AUD) are characterized

by unknown construct validity. Over time, AUD diagnoses have moved from imprecise,
ill-defined concepts reflecting hypothetical etiological constructs (e.g., Diagnostic and
Statistical Manual of Mental Disorders, First[DSM-1; APA, 1952] and Second [DSM-II;
APA, 1968] Editions) to a “theory-free” criteria set based on clinical consensus of presenting
symptoms (from the DSM-II1 [APA, 1980] thru the current DSM-5 [APA, 2013]). Arguably,
reliability has been prioritized over validity, resulting in a diagnostic approach that is not

as strongly grounded in basic theory and research (Brown & Barlow, 2009; Kozak &
Cuthbert, 2016; Strain, 2021). Moreover, there are known issues with our current diagnostic
systems, including that our diagnostic constructs are of poorly defined construct validity
(Charney et al., 2002), exhibit significant phenotypic heterogeneity (Litten et al., 2015), and
are substantially overlapping with other putatively discrete conditions (Krueger & Markon,
2006).

In an effort to improve the validity of AUD diagnoses, we conducted a systematic review

of reviews to describe and integrate the literature on translational AUD mechanisms.

The overall goal of this review was to address the shortcomings of existing diagnostic
systems (e.g., DSM, ICD) and mechanism-based frameworks of AUD (e.g., Alcohol
Addiction Research Domain Criteria [Litten et al., 2015], Addictions Neuroclinical
Assessment [Kwako et al., 2017]) by: (a) integrating the existing literature on AUD etiology
into a dimensional, hierarchically-organized framework, (b) differentiating premorbid,
dispositional, and acquired features of AUD,! and (c) distinguishing substance-use-general
and alcohol-specific mechanisms. We termed the resulting framework the Etiologic, Theory-
Based, Ontogenetic Hierarchical Framework (ETOH Framework). Ultimately, we are
optimistic that the ETOH Framework can refine AUD research, assessment, diagnosis,
prevention, and treatment by organizing AUD-relevant etiologic mechanisms into higher-

IMuch of our review focuses on the distinction between premorbid and acquired features of AUD, although it is worth noting

that the term “premorbid” can take on two different meanings. Here, we distinguish premorbid and dispositional. Not all

premorbid characteristics are dispositional, but all dispositional characteristics are premorbid. What distinguishes them is chronicity.
Dispositional characteristics are definitionally more chronic than are premorbid characteristics that are not dispositional. Consider
trait reward sensitivity, a relatively stable individual difference characteristic, as an example of a dispositional feature implicated in
AUD. When reward sensitivity is assessed early in life, even late childhood, it predicts AUD onset. In this case, trait reward sensitivity
is premorbid because it precedes AUD onset. Consider a depressive episode as an example of a premorbid characteristic that is not
necessarily dispositional. A single depressive episode may elicit AUD, but if it is the first and only episode, it is not considered
dispositional. In contrast, in the case of a person who experiences chronic depressivity, such as dysthymia with depressive episodes
(“double depression™), a single depressive episode may be better characterized as dispositional. Ultimately, we highlight the potential
difference between premorbid and dispositional because the stability or chronicity, in addition to severity, of features that predict onset
or elicit AUD is likely important to consider in treatment. We suspect AUD features may be differentially malleable based on their
chronicity.
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order domains, which clarifies sources of within-disorder heterogeneity and points to
sources responsible for AUD’s comorbidity with other forms of psychopathology.

Problems with the Classification of DSM-5 Alcohol Use Disorder

DSM-5 intended to resolve many of the issues with prior versions of the DSM, both broadly
and specifically related to AUD. With respect to AUD diagnosis, DSM-5 made three major
changes: (1) the shift from abuse and dependence categories to a unidimensional structure,
(2) the removal of the legal problems criterion, and (3) the addition of a craving criterion.
Regarding the shift to a unidimensional structure, the DSM no longer subdivides AUD (and
substance use disorders [SUDs] more generally) into abuse or dependence diagnoses, where
dependence was thought to reflect a more severe manifestation of AUD (e.g., APA, 1994).
The distinction between abuse and dependence was determined empirically arbitrary given
that some abuse criteria appear more severe than dependence criteria (e.g., Compton et al.,
2009; Saha et al., 2007), and because abuse and dependence form a single factor (or two
highly correlated factors) rather than two distinct factors (see Hasin et al., 2013 for a review
of AUD dimensionality). DSM-5 AUD is now classified as a unitary construct that grades
along a severity dimension based on the number of criteria endorsed.

Regarding the legal problems criterion, it was removed from AUD due to its: (a) low
prevalence in the general population and high severity, which was inconsistent with its
classification as a milder abuse criterion (Compton et al., 2009; Gelhorn et al., 2008;
Harford et al., 2009; Hartman et al., 2008); (b) poor ability to discriminate between people
with high and low AUD severity (Hasin et al., 2012; Martin et al., 2006; Piontek et al.,
2011; Saha et al., 2006); (c) poor associations with other SUD criteria (including AUD),
which increases construct multidimensionality (Langenbucher et al., 2004; Martin et al.,
2006); (d) failure to measure the same construct across different genders (Martin et al.,
2006) and racial/ethnic groups (Gizer et al., 2013; Harford et al., 2009); (e) and failure

to increment other SUD criteria in terms of the information it provided to the latent trait
(Lynskey & Agrawal, 2007; Martin et al., 2006; Saha et al., 2012; Schmulewitz et al., 2010).
Finally, DSM-5 also added craving as a criterion given that it increases consistency of AUD
diagnosis between diagnostic systems (i.e., /nternational Classification of Diseases, Tenth
Edition [ICD-10] and Eleventh Edition [ICD-11]) and may have utility as a pharmacological
treatment target (Hasin et al., 2013).

Although these changes may reflect some progress towards improving the validity of the
AUD construct, DSM-5 AUD remains plagued with several other problems. These include
but are not limited to: (1) inadequate construct validity of DSM-5 AUD symptoms, (2)
high degrees of within-disorder heterogeneity, (3) a failure to explicitly consider etiologic
mechanisms, (4) substantial comorbidity with other forms of psychopathology, and (5)
unknown construct validity of the diagnostic criteria. The current review addresses each of
these issues.

Inadequate Construct Validity—DSM-5 AUD criteria are organized to fit in the overall
groupings of impaired control, social impairment, risky use, and pharmacological criteria
(APA, 2013). These groupings rely mostly on expert consensus rather than empirical
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classification whereby signs and symptoms are determined by experts who undoubtedly
carry with them different backgrounds, traditions, and biases (Krueger et al., 2018). Indeed,
these groupings appear more conceptual than empirical (Watts et al., in press).

Additionally, an AUD diagnosis contains a complex mix of fundamental (or primary; e.g.,
loss of control, craving) and secondary (or accessory; e.g., consequences such as failure

to fulfill role obligations) features. Fundamental features are those that are specific to

and present throughout the course of AUD, whereas secondary features are those that
represent epiphenomena or sequelae. Thus, secondary features may be non-specific to AUD
and can be prominent or absent throughout the course of AUD, or they may moderate
AUD?’s expression. Many criteria pertain to potential consequences of AUD (e.g., social/
interpersonal impairment), that are defined, in part, on the basis of contextual factors (Martin
et al., 2014; Sher & Vergés, 2018). Additionally, defining a diagnosis based on criteria

that reflect impairment may guarantee that a diagnosis reflects a secondary outcome (e.g.,
negative affect) that does not cause AUD. Thus, it is often difficult to determine whether a
given symptom arises due to chronic and excessive alcohol use (i.e., fundamental/primary),
or some other factor. The inclusion of secondary outcomes, including consequences, in a
diagnosis also may contribute to comorbidity among AUD and other psychopathology. For
instance, social/interpersonal problems in some form are included as diagnostic criteria in

a number of disorders’ criteria (e.g., depression, social anxiety) and are requisite for others
(i.e., personality disorders), so it may be a non-specific marker of psychopathology given
that it is common to many disorders.

Ultimately, the “mixing” of fundamental, accessory, and secondary features within an AUD
diagnosis suggests that some of the symptoms outlined by our current diagnostic systems
may only be distally related to fundamental AUD features, which likely compromises the
construct validity of a diagnosis and increases the likelihood of diagnostic comorbidity by
including features that are multiply determined. “Mixing” types of features also creates

a difficult scenario in terms of determining the most effective treatment targets. It also
potentially obscures investigations into the causes of alcohol use and addiction.

Significant Heterogeneity—There are more than 2,000 possible combinations of the 11
DSM-5 criteria that are sufficient for an AUD diagnosis (i.e., two or more criteria). When
considering two criteria alone, there are still 55 different combinations of criteria. As such,
two individuals could both receive an AUD diagnosis despite having no or few overlapping
symptoms. Therefore, those diagnosed with AUD exhibit considerable heterogeneity in
terms of clinical presentation as well as patterns of consumption, profiles of risk (e.g.,
family history of alcohol-related problems, age of first drink), alcohol-related consequences,
and patterns of comorbid psychopathology (Litten et al., 2015; Martin et al., 2011). Within-
disorder heterogeneity is further complicated by the fact that DSM criteria are considered
interchangeable, meaning that they contribute equally towards a diagnosis. There is clear
evidence that AUD criteria vary, sometimes considerably, in their severities (Boness et al.,
2019; Lane & Sher, 2014), so different criteria cannot be assumed to be equivalent indicators
of AUD. Arguably, an individual who meets criteria solely on the basis of tolerance and
withdrawal (indicating physiological dependence) is quite different from an individual who
meets criteria solely on the basis of social or interpersonal problems and giving up activities
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to use. Ultimately, a unitary, heterogeneous diagnosis of AUD may preclude a thorough
understanding of the development and nature of the disorder and impede prevention and
treatment efforts as a result.

Failure to Consider Etiology—The DSM-5 prioritizes clinical description and
presentation and fails to systematically consider etiology in the construction of AUD
diagnostic criteria (e.g., Charney et al., 2002). Certain AUD criteria (i.e., tolerance,
withdrawal) are caused by distinct genetic and environmental risk pathways in rodents

and humans (e.g., Crabbe et al., 2011; Kendler et al., 2012), and several well-established
etiologic models of AUD and addiction (which we describe later) posit numerous
explanatory AUD mechanisms (e.g., reward sensitivity, negative emotionality). It remains
unclear how multiple etiologic mechanisms are accommodated in DSM-5 AUD. That is,
does a given symptom represent one or multiple etiologic mechanisms? Does a single
etiologic mechanism give rise to multiple symptoms? If AUD comprises etiologically
distinct symptoms, why is it considered unitary? These and other questions have yet to be
satisfactorily addressed by the DSM. Moreover, current diagnostic criteria fail to explicitly
probe such mechanisms. Improved attention to etiology may result in an AUD diagnosis that
is more informative of development, treatment targets, and prognosis.

Substantial Comorbidity—There is extensive comorbidity, or diagnostic co-occurrence,
of AUD with other virtually all other disorders including, other SUDs (e.g., Glass et

al., 2014; Sher & Trull, 2002), externalizing disorders (Krueger et al., 2002; Slutske

et al., 2002), personality disorders (e.g., antisocial, borderline; Helle et al., 2020), and
internalizing disorders (Kessler et al., 2005; Tully & lacono, 2016). Potential explanations
for comorbidity include artefactual reasons (e.g., drawing arbitrary categorical boundaries
between disorders where they do not exist, suboptimal diagnostic decision rules, definitional
overlap), shared underlying mechanisms (e.g., common etiologies; Krueger et al., 2002),
causal associations between disorders (Brown & Barlow, 2009; Krueger & Markon, 2006;
Sher & Trull, 1996), and, as we noted earlier, the inclusion of non-specific consequences

of psychopathology as diagnostic criteria. Given our limited knowledge of etiology, it is
difficult to distinguish true comorbidity from a poor diagnostic framework (Aragona, 2009;
Lilienfeld et al., 1994).

Others have suggested that comorbidity may reflect dysregulation in some higher-order
dimension (e.g., disinhibition, negative emotionality, reward; Kotov et al., 2017). For
instance, much of the variance in AUD is shared with other forms of externalizing
psychopathology (e.g., antisocial personality disorder), which likely arises from an
underlying tendency toward disinhibition (Krueger et al., 2002). Regardless of the nature
of comorbidity observed between AUD and other disorders, it suggests that our current
diagnostic approaches, such as the DSM-5, might not be accurately capturing AUD’s
distinctive features.

Potential Solution: A Mechanistic Focus

A potential solution to the aforementioned concerns involves shifting conceptualizations
of psychopathology away from clinical description and towards mechanisms. The shift

Psychol Bull. Author manuscript; available in PMC 2022 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boness et al.

Page 6

towards mechanisms would prioritize focusing on the etiology of mental disorders over
factors like clinical presentation, allowing an evaluation of how well proposed mechanisms
converge upon a disorder. Mechanism-focused approaches also emphasize the importance
of integrating translational research, which refers to the application of findings from basic
science (e.g., neural circuits) to the etiology, pathophysiology, and trajectory of mental
disorders (NIH, 2017). Translational research is important for integrating research across
different units of measurement (e.g., cells, circuits, genes, behavior), which has been a
challenge in psychopathology research for many decades. In our view, the shift towards
focusing on mechanisms will improve the understanding, diagnosis, and treatment of mental
disorders. In the sections that follow, we elaborate on the mechanism-based alternatives

to DSM and ICD. Notably, these systems are complementary in many respects. Table 2
provides an overview of each system or framework.

Research Domain Criteria (RDoC)—Research Domain Criteria (RDoC; e.g., Sainslow
et al., 2010) adopts a mechanistic framework of psychopathology that characterizes it in
terms of basic dimensions of functioning (constructs, subconstructs) that span multiple
units of analysis (from genes to paradigms). There is a wealth of research on mechanisms
of psychopathology, but those mechanisms are not well-mapped onto diagnoses, perhaps
especially in the case of SUDs and other behavioral addictions (Belin-Rauscent et al.,
2016; Kozak & Cuthbert, 2016). RDoC assumes that coherence between diagnosis and
mechanism can increase with the development of data-driven diagnostic groupings or
categories (versus the traditional diagnostic constructs). RDoC also aims to develop, test,
and validate biological and behavioral markers across multiple units of analysis, ranging
from genes to behavior. These efforts may assist in matching treatment, which is consistent
with precision medicine and evaluating treatment response (Litten et al., 2016), and may
also help illuminate mechanisms of treatment response and sustained behavior change
(Feldstein & Chung, 2013), which may inform the development of improved interventions
(NIH, 2017).

Other Alternatives to DSM and ICD—The Hierarchical Taxonomy of Psychopathology
(HITOP; Kotov et al., 2017) describes psychopathology in terms of hierarchically-organized,
empirically-based dimensions. The National Institute on Drug Abuse’s (2018) emerging
Phenotyping Assessment Battery (PhAB) aims to develop an addiction assessment battery
that contains self-reported questionnaires and fMRI. RDoC, HiTOP, and NIDA PhAB

are compatible and complementary in many respects (see Table 2 for a comparison

and Michelini et al., 2020 for a review of HiITOP and RDoC). Because they focus on
empirically-derived, transdiagnostic dimensions thought to map onto etiologic mechanisms,
each of these approaches have the potential to address some of the aforementioned
limitations with existing classification systems (e.g., rampant comorbidity).

Alcohol Addiction Research Domain Criteria (AARDoC) and Addictions
Neuroclinical Assessment (ANA)—To extend the RDoC framework to alcohol
addiction more specifically, Litten and colleagues (2015) introduced the Alcohol Addiction
RDoC (AARDoC; Sher, 2015) as the first AUD-specific mechanistic framework that
synthesizes research on its behavioral, neurobiological, and genetic features. Based off
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of AARDoC, Kwako and colleagues (2015) proposed a clinical framework and addiction
assessment battery termed the Addictions Neuroclinical Assessment (ANA; Kwako et al.,
2017; Voon et al., 2020). ANA focuses on three domains — reward/incentive salience,
negative emotionality, and cognitive control/executive function — described in Koob and Le
Moal’s (1997) theory of addiction.

Koob and LeMoal (1997) propose that addiction results from a cycle of dysregulation
within brain reward systems that progressively escalates and spirals into addiction (i.e.,
compulsive use and a loss of control over substance use). The first stage, binge-intoxication,
is characterized by heavy consumption and experiences of pleasurable effects following
from substance use. As use increases, reward valuation and hedonic set points shift. The
second stage, withdrawal-negative affect, is characterized by increases in substance use to
alleviate the stress and anxiety-like responses resulting from acute and protracted abstinence
(i.e., negative reinforcement). The third stage, preoccupation-anticipation, is characterized
by an intense need, or craving, for the substance after a period of abstinence. Preoccupation-
anticipation is thought to entail compromised executive functioning, leading to loss of
control over consumption, which reverts back to the binge-intoxication phase. The Koob and
LeMoal model posits initial failures in behavioral self-regulation within a given stage results
in distress, leading to a cycle of repeated self-regulation failures. Each failure is thought

to result in additional distress, which escalates the “spiral” into addiction (i.e., progression
through the addiction cycle). Therefore, addiction is thought to arise as a result of attempts
to regulate the emotional distress that follows from failed self-regulation at each stage of the
model.

Accordingly, Kwako and colleagues’ (2017) ANA domains relate directly to the three stages
in Koob and Le Moal’s cycle of addiction. Incentive salience is thought to correspond

to binge-intoxication, negative emotionality with withdrawal-negative affect, and cognitive
control with preoccupation-anticipation. According to the ANA model, AUD is an acquired,
atypical form of learning, and these three functional domains relate to each other in a causal,
staged process whereby prolonged alcohol exposure leads to alterations in the neurocircuitry
underlying the stress response, reward, and executive functioning, resulting in compulsive
use (e.g., Koob, 2003). Thus, each domain is hypothesized to be causally implicated in

the initiation and progression of addictive behaviors. Ultimately, the ANA aims to clarify
sources of heterogeneity within AUD through the characterization of these three domains,
which, ideally, will serve as useful targets in precision medicine efforts.

Reward or incentive salience describes the processes that transform otherwise neutral

stimuli or events (e.g., cues) into attractive and wanted stimuli (Berridge, 1996; Kwako

et al., 2015). Through continued use of alcohol, cues or stimuli associated with alcohol

may become salient, or attractive. From this theoretical perspective, excessive attribution

of incentive salience to cues contributes to the development of compulsive behavioral
disorders, including but not limited to AUD (Robinson & Berridge, 1993). Incentive salience
is well-documented in the laboratory, where it is described by the shift from goal-tracking
behavior (e.g., pursuit of alcohol consumption) to sign-tracking behavior (e.g., pursuit of
cues associated with alcohol; Berridge & Robinson, 2003; Flagel et al., 2009; Srey et al.,
2015), and at the neural level, where changes in connectivity and neuronal activity in the
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basal ganglia occur with the incentivization of alcohol and its cues. Incentive salience is
conceptually equivalent to the reward learning construct within the RDoC positive valence
systems domain, although RDoC outlines psychopathology-general as opposed to alcohol-
specific reward processing.

Negative emotionality refers to increased negative emotional responses to alcohol-related
stimuli with chronic consumption as well as higher overall levels of low mood observed
in individuals diagnosed with AUD (Kwako et al., 2015, 2017). ANA focuses on acquired
negative affective states (e.g., dysphoria, anhedonia, alexithymia, and anxiety) as a result
of excessive alcohol consumption and withdrawal, which leads to craving. This form of
negative affect from chronic alcohol use can be traced to neuroadaptations with molecular
(e.g., corticotropin-releasing hormone; Zorrilla et al., 2014) and neural substrates (e.g.,
decreased GABAergic and increased NMDA glutamatergic transmission in the nucleus
accumbens; Dahchour et al., 1998; Davidson et al., 1995). ANA’s negative emotionality
domain is intended to be conceptually equivalent to the “negative valence systems”
domain in RDoC, although, again, RDoC outlines mechanisms that are more general to
other psychopathology and ANA emphasizes acquired as opposed to premorbid negative
affect. As we argue later, we believe ANA’s negative emotionality domain is a narrower
conceptualization of negative valence compared with RDoC'’s.

Executive function describes the ability to regulate one’s cognitions or responses in relation
to goals and to temporally organize behavior (Lyon & Kradsnegor, 1996), and cognitive
control describes a subset of executive functions that guide behavior toward or away from

a particular task by goal setting and inhibiting habitual and impulsive acts (Wilcox et al.,
2014). ANA focuses on acquired dysregulation of cognitive control mechanisms relevant to
addiction rather than preexisting vulnerabilities, including but not limited to the subdomains
of attention, response inhibition, planning, working memory, decision-making, cognitive
flexibility, set shifting, and valuation of future events (Kwako et al., 2015; Kwako et al.,
2017). A number of recent reviews have demonstrated a significant association between
AUD and impaired executive function (Bickel et al., 2012; Montgomery et al., 2012;
Stephan et al., 2017; Wilcox et al., 2014). For example, individuals diagnosed with AUD
are more likely to have impairment in planning (Joyce & Robbins, 1991), set-shifting,
problem-solving (Stephan et al., 2017), and response inhibition (Noél et al., 2007; Stephan
et al., 2017). Further, alcohol use appears to result in specific neuroadaptations that manifest
as deficits in cognitive control, including excessive glucocorticoid receptor activity in the
prefrontal cortex (e.g., Pahng et al., 2017). Non-human animal research is beginning to
illuminate explicit mechanisms for alcohol-induced frontal cortex dysfunction, such as
volume and myelin density loss as well as metabolite abnormalities (Kwako et al., 2017;
Wilcox et al., 2014). ANA’s cognitive control domain is conceptually equivalent to the
cognitive control construct within the cognitive systems RDoC domain.

Together, the ANA domains capture narrower constructs within three of the six RDoC
domains — positive valence, negative valence, cognitive systems — and exclude three others
— sensorimotor systems, arousal/regulatory systems, and systems for social processes (see
NIDA PhAB [Keyser-Marcus et al., 2021], for a more comprehensive integration of RDoC
domains into addiction).
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Limitations of AARDoC and ANA

Although the AARDoC and ANA offer an excellent starting place for a mechanistic-based
approach that aims to identify and assess the constructs/domains of most relevance to
AUD, the ANA framework has several limitations. Briefly, these include: (a) questionable
empirical support for early operationalizations of the model and measurement approaches,
(b) the exclusion of some addiction-relevant domains, (c) the failure to consider the
distinction between premorbid risk versus acquired features, (d) the lack of resolution
regarding the overlap between domains and constructs, (e) the lack of consideration of

the distinction between general substance use and alcohol-specific mechanisms, and (f)

the clinical feasibility of ANA. Although we choose to focus on the AARDoC and ANA
frameworks given their relevance to AUD, other mechanistic-based frameworks (e.g., RDoC,
HIiTOP) also suffer from the same limitations, such as a lack of resolution regarding
overlapping domains and feasibility in a clinical setting (e.g., Lilienfeld, 2014; Lilienfeld
& Treadway, 2016). These criticisms may also apply to NIDA PhAB, but it is in its relative
nascence.

Interpretability of Empirical Examinations of the ANA Model—It is unclear how
well the ANA conceptual model is supported by the recent operationalizations of the

model. Kwako and colleagues (2019) reported that both confirmatory and exploratory factor
analyses supported their proposed three-factor ANA framework, but their empirical models
are somewhat difficult to interpret. First, Kwako and colleagues (2019) include mostly trait/
dispositional measures (e.g., personality) in their factor models, which is inconsistent with
ANA’s major conceptual focus is on acquired features of AUD. For instance, dispositional
negative emotionality measures are used to assess acquired negative emotionality associated
with alcohol withdrawal. Second, extraversion, which is made up of positive emotionality
among other things, loads substantially negatively onto ANA negative emotionality. This
loading is puzzling given that negative and positive emotionality (and negative and positive
affectivity) are largely empirically distinct dimensions (e.g., Tellegen & Waller, 2008;
Watson & Clark, 1997; Watson et al., 1988, 1999). Third, the negative emotionality factor

is essentially defined by aggression (and reverse agreeableness), whose factor loading well
exceeds that of negative emotionality. The ANA negative emotionality factor might be better
described as tendencies towards disinhibition or antisociality (or what Eysenck referred to
as Psychoticism; Eysenck & Eysenck, 1975).2 Together, the inconsistencies between the
conceptual and operationalized ANA models, along with questionable empirical support for
the operationalized model, suggest the need for further development and validation of this
framework and associated assessment.

Exclusion of Other AUD-Relevant Domains—A consequence of ANA’s exclusive
focus on Koob and Le Moal’s (1997) model of addiction is that it neglects other important
functional domains and mechanisms. For instance, an initial low level of response to alcohol,
or subjective response, which describes individual differences in how one experiences the

2This conclusion is supported by considerable research in the general personality literature, where the convergence of negative
emotionality and aggression has long been termed a trait called Psychoticism (Eysenck & Eysenck, 1975); it is important to note that
Psychoticism is almost certainly misnamed, and most argue that it reflects antisocial personality features, as opposed to psychotic-like
experiences.
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effects of alcohol, is not explicitly considered or assessed as part of the ANA despite the
fact that it has been repeatedly implicated in the etiology of AUD (e.g., Morean & Corbin
2010; Quinn & Fromme, 2011; Ray et al., 2016). Subjective response, along with other
etiologically relevant mechanisms — such as an inability to abstain, habit, and punishment
sensitivity — have not been incorporated into AARDoC and ANA.

Emphasis on Acquired as Opposed to Premorbid Features—Another
consequence of the exclusive focus on Koob and Le Moal’s (1997) model is that it is
concentrated on features that are acquired as a result of chronic alcohol consumption as
opposed to premorbid. Although Kwako and colleagues (2019) acknowledge the existence
of premorbid AUD features, they are neither incorporated systematically into the ANA
framework, nor, more critically, adequately distinguished from acquired features. We view
the exclusion of premorbid features as an important oversight should AARDoC and ANA
aim to reflect a comprehensive explanatory model of the alcohol addiction process. The
relevance of premorbid features is especially necessary to address given that acquired

and premorbid factors are each implicated in the development of addiction. Complicating
matters further, ANA domains may reflect a combination of acquired and premorbid
influences, so their assessment and interpretation of mechanisms within the context of a
staged AUD development process becomes challenging. As we noted earlier, the inclusion
of mechanisms that likely reflect a blend of acquired and premorbid factors has other
implications, including that it makes it more difficult to identify etiologic mechanisms and
that premorbid and acquired features may require different treatment and prevention efforts
and goals. The chronicity of premorbid factors alone suggests that they may require more
intensive treatments than acquired ones.

One example of a relevant premorbid factor to AUD is negative emotionality. Within the
ANA, negative emotionality is largely described as an adaptation to chronic consumption,
although it is also a premorbid risk factor. Indeed, much research has demonstrated that
negative emotionality, and depressive symptomology in particular, is a risk factor for the
development of AUD. In fact, negative emotionality is referred to as the “internalizing
pathway” to substance use risk (e.g., Hussong et al., 2011). Negative emotionality assessed
in childhood is prospectively associated with precocious alcohol use, heavy drinking in
adolescence, and subsequent development of AUD and other substance use problems
(Elkins, et al., 2006; King et al., 2004). Additionally, individuals with early onset and
persistent AUDs fail to exhibit the normative declines in negative emotionality across the
lifespan, suggesting that negative emotionality may be involved in the maintenance of AUD
over time (Hicks et al., 2012).

Poorly Delineated Boundaries Among Domains—The ANA domains are
heterogeneous and there may be overlap between constructs they subsume. For example,
although ANA designates impulsivity as related to executive function, research suggests
that negative urgency — which is one component of impulsivity that describes the tendency
to act rashly when experiencing extreme negative affect and — is highly overlapping with
negative emotionality (Cyders & Smith, 2008). By defining impulsivity broadly under
executive function, the ANA overlooks the potential for impulsivity subdomains to better
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relate to other ANA domains, and certain aspects of the ANA assessment battery, at least as
operationalized by Kwako and colleagues (2019), may probe relatively nonspecific features
of the addiction process. Also, the relationships of components or mechanisms with a
given domain may also vary as a function of the stage of addiction. For example, negative
emotionality (ANA’s negative emotionality domain) might be implicated as a preexisting
vulnerability in the early stages of addiction but become more associated with craving
(ANA’s reward domain) in the later stages (Koob & Volkow, 2010). As such, the stage of
addiction may change the nature of the association between constructs and domains.

The potential for overlap between domains is acknowledged by ANA advocates (e.g.,
Kwako et al., 2019) but it is neither explicitly incorporated in nor resolved by their
framework. Explicit consideration of the overlap of constructs between domains, and how
overlap varies as a function of stage, could assist in the identification of mechanisms that
cut across functional domains. Such cross-cutting mechanisms (e.g., negative emotionality)
might serve as potential treatment targets for reducing dysfunction in multiple domains
concurrently.

Failure to Demarcate Alcohol-Specific and Substance-General Features—The
ANA fails to demarcate mechanisms that are general to SUDs (substance-general) versus
specific to alcohol (alcohol-specific), which is important given that SUDs share genetic
influences, but also contain substance-specific genetic influences (Kendler et al., 2007;
Krueger et al., 2002; Palmer et al., 2012; Tsuang et al., 1998; Walters et al., 2018). One
example of an alcohol-specific mechanism is a variant of the aldehyde dehydrogenase
gene, ALDH2 (ALDH2**2). The ALDH2 gene regulates the activity of acetaldehyde
dehydrogenase, which is critical in the catabolism of acetaldehyde into acetate. Carriers
of the ALDH2**2 variant experience a build up of acetaldehyde after consuming alcohol,
resulting in an alcohol-flush reaction that is aversive and protective against AUD among
carriers of the variant (primarily East Asians; e.g., Luczak et al., 2006). Importantly,

the ALDH2 gene does not influence metabolism of other substances (Vanyukov et al.,
2003).3 Although ANA is based on AARDoC, which is alcohol specific, ANA articulates
a model for addiction more broadly (Kwako et al., 2015). This is problematic because,

as demonstrated with ALDHZ, there is a need to differentiate between substance-general
and substance-specific mechanisms. An explicit consideration of how substance-specific
mechanisms (e.g., acetaldehyde accumulation after alcohol consumption) differ from
substance-general mechanisms may be important in understanding an individual’s profile
and developing tailored treatments.

Feasibility of the ANA Assessment Battery—The ANA proposes humerous measures
(spanning self-report, behavioral laboratory tasks, and neuroimaging assessments) to be
included in their comprehensive, 10-hour long assessment battery (Kwako et al., 2015).
Given the length of time it takes to complete the battery, one would expect significant burden
on the participant, particularly individuals diagnosed with a SUD, which may not be feasible

3In addition, this polymorphism cannot serve as a mechanism in White and Black populations because it is absent, making it not only
alcohol-specific but also population-specific (Vanyukov et al., 2003).
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for most research or clinical settings (DeVito et al., 2016). NIDA PhAB aims to develop an
abbreviated battery in light of concerns with ANA’s length.

Additionally, laboratory tasks have been widely criticized due to poor reliability (i.e.,
measurement error; Dang et al., 2020; Hedge et al., 2018) and an inability to assess
between-subjects (or individual difference) effects given that many are designed to detect
within-subjects effects (Dang et al., 2020). It may therefore be necessary to prioritize

more efficient and reliable assessment approaches and further refine those proposed to
improve their reliability and suitability for studying individual differences. Refining these
assessments could address concerns related to the significant length of the proposed battery
as well as address issues related to method variance which arise when several different
methods are used to assess a construct (or domain). It is worth noting, though, that relying
on a single method (e.qg., self-report) could also introduce concerns, such as single-reporter
method variance.

The Development of an Evidence-Based Alcohol Use Disorder Framework

AARDoOC and ANA offer excellent foundations for mapping the etiologic mechanisms
implicated in AUD, but there are important shortcomings of those efforts that require further
refinement and elaboration. Although not unlike ANA and AARDoC, the overall goal

of the current project was to systematically integrate theoretical and empirical addiction
constructs using a translational, mechanism-focused framework that explicitly addresses
shortcomings of current diagnostic frameworks and other mechanism-based approaches.
This effort resulted in a mechanism-based, hierarchical framework of AUD that we call the
ETOH Framework.

We focused on published literature on AUD etiology, core theories, and important
endophenotypes (i.e., measurable phenotypes ostensibly associated with genotypes;
Gottesman, & Gould, 2003) that spanned various units of analysis, from basic biology

to clinical research. The specific emphasis of the current review was on theoretical and
meta-analytic reviews that systematically address and integrate relevant constructs, rather
than on primary studies. This methodology, known as a review of reviews (Cooper &
Koenka, 2012), is an efficient and robust way to examine the current state of evidence for
a topic (Akram et al., 2014). Unlike a narrative review, in which eligible reviews may be
determined solely based on author’s expertise, a review of reviews takes a more systematic
and less biased approach to considering reviews for inclusion. Such a systematic effort is
important given that existing diagnostic systems and frameworks have largely been a product
of authoritative classification.

By clearly specifying the mechanisms implicated in AUD, the ETOH Framework has

the potential to more explicitly address components of AUD that are overlooked by

current diagnostic systems. Arguably, limitations associated with current and past diagnostic
conceptualizations of AUD have impeded progress in its prevention, diagnosis, and
treatment matching which makes addressing them a top priority in addiction research.

Thus, the ETOH Framework also aims to provide a tool to comprehensively characterize
individuals diagnosed with AUD, which will allow for the identification of subpopulations
based on profiles of risk and can improve treatment matching.
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All methods were specified in advance and were documented by the first author in a
protocol. The present review of reviews was conducted according to the checklist of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher et
al., 2015) and the reporting standards of APA’s Publications and Communications Board
Task Force Report (Levitt et al., 2018).

Search Strategy and Data Sources

The search aimed to identify all systematic reviews, including meta-analyses, examining
AUD etiology (e.g., factors related to family history and environmental factors), core
theories (e.g., allostasis and incentive sensitization), and important endophenotypes (e.g.,
impulsivity).

Reviews were identified by searching electronic databases, forward and backward searching
manually, and consulting with coauthors and experts to ensure comprehensive searches.
Twenty-nine ProQuest databases were searched through the ProQuest multidatabase

search option, and 37 EBSCO databases were searched via the university’s discovery

layer. Notable databases included PsycINFO with PsycARTICLES, CINAHL, MEDLINE,
GenderWatch, ProQuest Dissertations & Theses A&I, ScienceDirect, Social Services
Abstracts, Sociological Abstracts, ERIC, Academic Search Complete, Education Full

Text, and the Directory of Open Access Journals. The University Libraries catalog was
additionally searched to identify relevant manuscripts, with book chapters isolated as
individual records.

A Boolean strategy was applied to include all combinations of relevant terminology:
(“alcohol use disorder” OR “alcohol abuse” OR “alcohol dependence” OR alcoholi*

OR addiction) AND (translation* OR etiolog* OR endophenotype OR genetic* OR
neurobiologic* OR environment* OR experience* OR incentive OR “subjective response”
OR “biological markers” OR “gene-environment” OR family OR families OR familial)
AND (“systematic review” OR “meta-analysis” OR “literature review” OR “review of the
literature” OR commentar*). Inclusion criteria required search terms to appear in either

the “Subject” or “Title” fields of results to narrow the scope and ensure results were
reviews focused on etiology. In addition, inclusion criteria required results to originate from
peer-reviewed sources. No limits were applied for the start date of searches across databases.
The database search was initially conducted in March of 2018, with all searches performed
by the third author.

Eligibility Criteria

The citation management tool Mendeley (2016) was used to organize records and detect
duplicates. The identified abstracts and titles were examined for inclusion by the first author,
and records were retained if they provided information on AUD or addiction etiology,
theory, or endophenotypes. Inclusion criteria were broad to ensure most relevant reviews
were included at least initially. Further exclusion criteria at this stage included the mention
of other co-occurring physical/mental health problems (e.g., liver disease, depression) or a
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sole focus on non-pathological alcohol consumption rather than heavy use. Of note, reviews
focused on methodology were considered eligible for inclusion as long as they were related
to etiology, theory, or endophenotypes. When the review focused on addiction or SUDs more
generally, these reviews were considered eligible as long as alcohol was explicitly included
under those umbrella terms. Similarly, when reviews were focused on “drug addiction,” it
needed to be clear that alcohol was considered a drug, otherwise the review was considered
not eligible. Once a review was included as eligible, we considered relevant etiologic

factors regardless of whether they were described for heavy consumption or AUD more
specifically. There were no exclusions based on review type (e.g., quantitative synthesis,
narrative review).

Study Selection

Searching initially retrieved 2,331 records containing search terms in title and subject fields.
Removal of duplicates and examination of abstracts based on inclusion and exclusion criteria
resulted in a total of 141 unique records.# Full-text versions of each record were acquired
and read by the first author to determine eligibility. A further 17 articles were removed at
this stage based on exclusion criteria, leaving 124 articles (see Figure 1 for a full description
of reasons of exclusion).

Supplemental forward and backward searches were conducted on the remaining 122 eligible
reviews®, resulting in 1,825 possibly eligible records, 945 of which were determined eligible
records for inclusion following review of the full text. The authors speculate that the
“Subject” and “Title” field limitations in the initial search strategy resulted in the high
number of records identified through forward and backward searching. Additionally, subject
and title limitations were not applied during forward and backwards searching which further
explains the large number of records identified through this supplemental search. Indeed,
the large majority of additional reviews located through the supplemental search were
merely a recapitulation of the findings of the 124 reviews located in the original search.

To minimize redundancy and keep the scope of the current review manageable, a randomly
selected sample of 20 records from these 945 eligible reviews were included, resulting in
144 total reviews for inclusion in the current systematic review of reviews (see Figure 1).
Characteristics of included reviews are described in Table 1.

Data Extraction and Coding

Eligible studies were coded using a data extraction sheet developed by the first author.
The sheet included items on review characteristics (e.g., year, type of review, main theory/
concept); methods (e.g., inclusion criteria, search strategy, number of primary studies
included); outcome data (e.g., RDoC matrix units of analysis to consider, AARDoC/ANA
construct, summary of results); assessment of quality (e.g., assessment of primary study
quality by authors and assessment of review quality by coders [described below]); and

40f note, Ma, Fan, & Li (2016) published an erratum. For the present review, we maintained the original article given it was more
comprehensive, but used the erratum (Ma et al., 2017) for the purposes of coding their findings and conclusions.

Forward and backward searching was conducted on 122 reviews. An additional 2 reviews (Jackson et al., 2014; Murphy et al.,
2012) were included based on feedback during the revise and resubmit process. Although originally excluded due to a sole focus
on consumption rather than AUD, these two additions focus on excessive or heavy consumption, therefore fitting the criteria of this

review.
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coder characteristics (i.e., coder name, date, and duration of coding). The full codebook is
available here: https://osf.io/xz83s/.

The coding sheet was pilot tested on 10 randomly selected eligible reviews and refined
accordingly through consultation with coauthors. Trained research assistants (RAs) were
responsible for extracting data from included reviews and each review was coded by two
RAs. Discrepancies were resolved through weekly meetings with the first author until
consensus was reached. Missing information was expected in this context and was accounted
for using codes such as “not reported” (NR) and “not applicable” (NA; see Table 1).

Quality of Reviews

All reviews were subjected to Cooper’s (2015) quality assurance checklist to evaluate the
methodological quality of each eligible review. Although there exist a range of possible
systems for coding the methodology of research syntheses (e.g., the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses [PRISMA; Moher et al., 2009]), Cooper’s
checklist is the only system developed with behavioral science research synthesis in mind
(Cooper & Koenka, 2012). The Cooper (2015) system presents 20 questions evaluating
several relevant domains of systematic reviews (e.g., formulating the problem, searching

the literature, evaluating the quality of studies, and interpreting the evidence) which are
answered “yes” or “no,” with “yes” indicating more rigorous methods were used (Cooper &
Koenka, 2012).

This system is not intended to produce an overall score based on a count of items for which
a response of “yes” is indicated. In fact, researchers generally agree that the practice of
summing across the dimensions is inappropriate as it may disguise critical weaknesses while
still resulting in an adequate sum score. Cooper and Koenka (2012) point out that comparing
single scores derived from different quality rating systems can result in conflicting scores
simply because the systems have different foci. Therefore, we did not compare overall

sum scores for agreement. Instead, each rater indicated their overall confidence in the
results of the review based on Cooper’s checklist. Overall confidence ratings were adapted
from AMSTAR?2 (Shea et al., 2017) and included: critically low, low, moderate, and high.
The use of this system required identification of critical domains (based on the goals of

the current systematic review), which was detailed in the study protocol. Identification of
weaknesses in these areas, therefore, undermined confidence in the results of the review. All
eligible reviews were double coded by trained RAs and discrepancies in overall ratings were
resolved through consensus.

Any review coded as critically low or low was reviewed by the first author (regardless of
whether or not there were coding discrepancies) to ensure that excluded reviews suffered
from flaws in critical domains. In some cases, we contacted authors in an attempt to acquire
or clarify information with the goal of trying to improve the accuracy of review’s overall
quality rating. Three research teams were contacted. Two responded promptly with the
information requested and this additional information was considered in their quality ratings,
whereas the third reported they did not have the information requested. Of the 144 eligible
reviews, 15 (10.42%) were rated as having “critically low” quality and 10 (6.90%) were
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rated as having “low” quality. This resulted in 25 total reviews being excluded at this stage
(see Table 1).

Final reviews were integrated and used to define and outline an AARDoC/ANA-informed
conceptual framework of AUD (see Table 1 for a final list of reviews considered at

this stage). Based on the reviews included, superdomains, domains, subdomains, and
specific components or mechanisms for each of the subdomains were identified. Specific
superdomains, domains, subdomains, and components or mechanisms were only retained
for inclusion if there was robust evidence of such components as etiologic mechanisms. In
instances where it was unclear from the current review how robust the evidence was for

a given mechanism, additional literature was consulted, and areas of further research were
noted. Cases in which it was unclear where a particular finding fit into the domains were
discussed among colleagues and expert consultants.

Additionally, although all studies of adequate quality listed in Table 1 were considered
eligible, not all were retained for final integration because: a) the findings were supplanted
by more recent work or critical revisions (e.g., Hill, 1985 was supplanted by Koob &
Volkow, 2016 [described in detail below]; in these cases the later findings and concepts were
relied on and/or the discrepancy was explicitly highlighted), b) the results were not robust
enough (e.g., due to methodological concerns not fully captured by Cooper’s checklist or
failure to replicate) to further consider the construct as a core mechanism (e.g., Onuoha

et al., 2016), or c) upon further inspection, the review’s focal construct tended to be

more of a broad risk factor (e.g., early life stress; Schneeberger et al., 2014) rather than

an etiologically-relevant mechanism with demonstrated biological substrates (e.g., altered
hypothalamic-pituitary adrenal axis responses; Sinha et al., 2009).

Results and Discussion

The results of the current systematic review of reviews suggested that the ANA in its
current form is a useful starting point for the articulation of a dimensional, translational,
research-based AUD framework. Specifically, it provides concrete suggestions regarding the
neuroscience-based domains most relevant to AUD, which are largely supported by work
from other experts in addiction (i.e., Ycel et al., 2019). In the sections that follow, we
integrate our findings across the ANA domains of cognitive control, reward, and negative
emotionality.

At the same time, in our systematic review of reviews, it became clear that several
components and mechanisms identified through the current systematic review of reviews

did not correspond with any of the three ANA domains. Thus, we included one additional
domain, compulsivity, which is organized hierarchically. We partition each domain into
subdomains that contain components and mechanisms. Notably, the ETOH Framework
extends ANA’s negative emotionality to also include negative valence and bifurcates
cognitive control into impulsivity and compulsivity. We also introduce two critical constructs
that are thought to moderate the expression of the ETOH domains but are not fundamental
AUD constructs: opponent process and self-awareness. The resulting framework is a fine-
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grained, hierarchical conceptualization of etiologic mechanisms implicated in AUD and
other substances. A comparison of the ETOH Framework’s major components and those of
other models of addiction and psychopathology is offered in Table 3.

As we noted, consistent with a hierarchical conceptualization, we also outline domains
and subdomains subordinate to each superdomain. Subdomains are included for the sake
of comprehensiveness and to provide a crosswalk among terms that are used in different
literatures, but subdomains are likely overlapping in many cases. We organized ETOH
components hierarchically, because it is increasingly clear that psychopathology more
generally is organized in this manner (e.g., Krueger et al., 2018; Krueger & DeYoung,
2016). It is important to note that we view this framework as evolving along with the
state of the literature and that it will likely be refined with time. To facilitate the ETOH
Framework’s refinement, an open commentary space where readers can provide feedback
has been created: https://osf.io/t5jgm/.

Figure 2 displays the ETOH Framework. Of note, it includes several dashed lines that
indicate possible cross-loadings between domains (each are described in more detail later).
For example, the habit subdomain is encompassed by the reward domain, but there is

also evidence for the relationship between habit and the compulsivity domain. In some
cases, there exists empirical evidence for the overlap and, in other cases, the dashed lines
represent hypothesized cross-loadings that we advanced because we think they warrant
further attention.

Reward Superdomain

As previously described, ANA defines the reward domain broadly as encompassing the
processes that transform otherwise neutral stimuli or events (e.g., cues) into attractive and
wanted stimuli. Importantly, reward valuation was considered the most relevant construct
for vulnerability to addictions by a group of addiction experts in a recent consensus

study (Yicel et al., 2019) and AUD has been considered a “reward deficiency syndrome”
by others (e.g., Bowirrat & Oscar-Berman, 2005). The reviews in the current synthesis

that constitute the “reward” superdomain describe at least one of six subdomains: habit,
positive expectancies, reward sensitivity, positive emotionality, incentive salience, and
reward discounting. Notably, this reflects an extension of the ANA’s conceptualization

of reward, which mostly encompasses incentive salience, and broadly corresponds with
RDoC'’s positive valence systems domain. In this way, our “reward” domain is broader than
that of ANA, inasmuch as ANA’s coverage of RDoC’s positive valence systems is limited to
the construct of reward valuation. The ETOH Framework encompasses reward valuation as
well as most other RDoC positive valence systems constructs (see Table 3).

Reward: Habit—Habit describes a consequence of reward learning whereby alcohol

or drug use becomes more ingrained and automatic (Corbit & Janak, 2016) and less
susceptible to voluntary control and decision making (Hogarth, 2020). Although habit is a
function of stimulus-response reward learning, once habits are established, they can become
functionally autonomous from reward value and therefore not goal directed (Belin et al.,
2013). In individuals diagnosed with AUD, habit indicates that continued use can occur
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after alcohol is no longer rewarding or desirable, such that individuals continue to drink
sometimes even without conscious awareness (Ray, 2012). Several reviews point to the
importance of habit as a relevant reward-related mechanism (Berridge & Robinson, 2006;
Lettieri, 1985; Reilly et al., 2017; Xiao et al., 2015). Habit has identifiable neurobiological
underpinnings in the dorsal striatum, which is implicated in reward processing (Everitt et al.,
2008).

Habit includes more specific processes, such as automaticity (Johnson et al., 2006; West,
2005) and resistance to punishment and extinction (Robinson & Berridge, 1993), which are
relevant to several substances (e.g., cocaine) in addition to alcohol (Everitt et al., 2008;
Everitt & Robbins, 2016). As such, these are described as substance-general within the
current framework. The categorization of habit under the reward domain (which corresponds
to RDoC’s Positive Valence System) is also consistent with the findings of previous work
that used expert consensus to delineate the “primary” RDoC constructs most relevant to
substance and behavioral addictions (Yucel et al., 2019).

Although we consider habit primarily a reward-related mechanism, habit is likely also a
precursor to compulsion. Research suggests that it is the pairing of habit and drug-induced
aberrant motivational processes (e.g., incentive salience to drug cues), resulting in an
“incentive habit process,” that facilitates the transition from habit to compulsion (Belin

et al., 2013). Indeed, Everitt and Robbins (2016) refer to habits as “the building blocks of
compulsive drug seeking” (p. 24). Consequently, we believe habit, although primarily falling
under the reward domain, may also cross-load on compulsivity (see Figure 2).

Importantly, the acquisition of habit requires consumption. That is, without stimulus-
response learning, habit is unlikely to develop. Therefore, repeated consumption, or drug-
taking more generally, is a necessary condition for habit as an etiologic mechanism in
AUD. Additionally, habit may serve as a maintenance mechanism whereby habit maintains
consumption and AUD.

We recognize that there is significant debate about the role of habit and habitual responding
in addiction (e.g., some literature has suggested that evidence for habit can instead be
explained by general task disengagement driven by cognitive impairment [Hogarth, 2020]),
and we recognize that not all drug use is habit-based (e.g., Robinson & Berridge, 2008).
However, we choose to retain habit in the ETOH framework for several reasons. First,
there is considerable evidence for the role of habit in drug seeking within animal models
of addiction (e.g., Luscher et al., 2020). Similar findings in humans are lacking to date

(see Hogarth, 2020), for which there may be several explanations. For example, the shift

to habitual responding may be more complicated among humans compared with animals
(e.g., due to environmental contingencies), making it difficult to model experimentally in
the laboratory. Some research suggests that human paradigms test drug taking, rather than
drug seeking, which is problematic because most animal research has focused on drug
seeking and these two behaviors likely have different underlying neurobiological processes
(see Luscher et al., 2020). Also, there may be important between-individual differences

in the vulnerability towards habitual responding which may not be fully accounted for

by current behavioral paradigms. For example, humans may need longer exposure to the
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stimulus-outcome associations or more training than what is common among current human
studies of habit. Second, there is strong evidence in humans for the role of habit in the cases
of binge eating disorder (Moon et al., 2015) and obsessive-compulsive disorder (Gillan et
al., 2016; Voon et al., 2015), pointing to its relevance as a transdiagnostic process. Other
research suggests that habitual responding is relevant to other SUDs, including stimulant
use disorder (Voon et al., 2015; Lischer et al., 2020) and nicotine use disorder (Luijten et
al., 2020; Piasecki et al., 2011). However, given habitual and goal-directed processes likely
operate in parallel (Wood & Riinger, 2016), it remains unclear whether it is the development
of habitual processes or the failure of goal-directed processes that tips the balance to
habitual responding (Gillian et al., 2015; Luijten et al., 2020). Because of the relevance

of habit in other SUDs and psychopathology more generally, we retain habit as a relevant
mechanism in the ETOH framework but also emphasize that more research is needed at this
point in time to further clarify the role of habit in the development and maintenance of AUD
among humans.

Reward: Positive Expectancies—The general construct of expectancies describes
cognitive schema regarding the anticipated outcome(s) of a given behavior or action (e.g.,
West, 2005). Alcohol- or substance-related outcome expectancies refer to what one expects
to happen as a result of their substance use (Lettieri, 1985; Schulte et al., 2009; Thombs

& Osborn, 2013). That is, what affective, cognitive, physiological, and behavioral effects
does one expect as a result of their use? Expectancies can be learned through direct
pharmacological experience, social learning including interpersonal modeling (e.g., parents
and peers), and mass media, among other factors (Ellis et al., 1997; Goldman et al.,

1991; Jacob & Johnson, 1997; Thombs & Osborn, 2013). There is additional evidence

that expectancies are heavily influenced by personality (e.g., McCarthy et al., 2001),
suggesting they might not result solely from learning but that personality traits might

exert influence upon relevant psychosocial learning mechanisms (see Smith and Anderson’s
[2001] Acquired Preparedness model of drinking risk).

Goldman and colleagues (1999) categorize expectancies along three basic dimensions: (a)
positive versus negative expected outcomes (e.g., increased sociability versus increased
aggressiveness); (b) positive versus negative reinforcement (e.g., social facilitation versus
tension reduction); and (c) arousal versus sedation (e.g., stimulant versus depressant effects).
In this section, we concentrate solely on positive outcome expectancies, which are focused
on the expectation regarding how positive a given outcome will be. Examples of positive
expectancies include pleasant feelings and enhancement (e.g., Alcohol will make me feel
more sociable, and I will enjoy drinking) as well as the alleviation or avoidance of negative
states such as emotional distress, pain, and withdrawal (e.g., Alcohol will alleviate my pain
and alcohol will decrease my anxiety;, Thombs & Osborn, 2013). Therefore, a positive
outcome expectancy can be related to either positive or negative reinforcement.

Research has shown consistently that positive expectancies related to positive reinforcement
are associated with moderate and heavy drinking (e.g., Kuntsche et al., 2005) as well as
frequency of consumption (Cho et al., 2019). In comparison, positive expectancies related
to negative reinforcement are more strongly associated with risk of alcohol-related problems
and dependence (Cho et al., 2019). Findings are consistent with research suggesting
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that addiction proceeds through several stages, beginning with positive reinforcement and
transitioning to negative reinforcement with repeated use whereby individuals are drinking
to alleviate distress associated with abstinence and withdrawal (e.g., Koob & Volkow,
2010). As such, positive outcome expectancies related to positive reinforcement (e.g.,
Alcohol will help me feel more sociable) are likely more relevant during the earlier

stages of drinking, and as an individual transitions to the later stages of addiction, such
positive expectancies may become more related to negative reinforcement (e.g., Alcohol
will decrease my anxiety). It is worth considering whether positive expectancies related

to negative reinforcement may be overlapping with other mechanisms (e.g., negative
emotionality, coping), given that an individual may drink to avoid or alleviate negative mood
states (e.g., Tension-Reduction Theory) which in itself may be rewarding.

Positive expectancies in early adulthood predict alcohol-relevant outcomes, such as initiation
of alcohol use and quantity of consumption in adulthood (Anderson et al., 2013). Indeed,
children of “alcoholics,” who are known to be at higher risk of AUD themselves, tend to
have more positive expectancies about the reinforcing effects of alcohol (i.e., are more likely
to expect that alcohol will make them feel good; Ellis et al., 1997) compared to individuals
without a family history of AUD. Thus, there is consistent evidence for positive expectancies
as an etiologic factor in AUD (especially those related to negative reinforcement) within

the current review (Schulte et al., 2009) and the larger literature, although this relationship
may be complex and influenced by other more distal factors (e.g., personality; Settles et al.,
2010).

Positive expectancies are also implicated in other types of substance use and dependence.
For example, heavy smokers tend to report more positive expectancies about the effects of
smoking compared to less heavy smokers (e.g., Copeland et al., 1995; Wetter et al., 1994),
and positive expectancies, especially those related to negative reinforcement, are associated
with withdrawal severity and decreased likelihood of cessation (Wetter et al., 1994). Over
the course of smoking cessation treatment, expectancies become less positive, particularly
among abstainers (Copeland et al., 1995). Positive expectancies appear to reflect a more
substance-general mechanism in the development and maintenance of SUDs, although
research with other substances beyond alcohol and nicotine are needed (see Kouimtsidis

et al., 2014 for preliminary work in this area). Taken together, the previously noted research
points to expectancies as a relevant mechanism within in the current framework, although
the exact influence of expectancies on consumption and SUDs may be complex.

Reward: Reward Sensitivity—Reward sensitivity describes the tendency to detect,
pursue, learn from, and experience pleasure from positive stimuli (Koob & Volkow, 2016). It
is conceptualized as a component of temperament and personality (Gray, 1970; Gray, 1982),
with individual differences in reward sensitivity ostensibly arising from neurobiological
mechanisms (e.g., dopamine D2 receptor levels) that give rise to physiologic and affective
or emotional experiences (Stephens et al., 2010). Reward sensitivity can be further broken
down into anticipatory and consummatory mechanisms. These are typically described as
components of pleasure (Gard et al., 2006) but have also been described as motivational
states (Joseph et al., 2015). Anticipatory pleasure is defined as the forecasting of, and

likely pursuit of, pleasure for a given a positive stimulus. It is related to motivation and
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goal-directed behavior and leads to an individual wanting more of something. As such,
anticipatory pleasure may also be related to positive outcome expectancies. In comparison,
consummatory pleasure is defined as the experience of pleasure from a desired positive
stimulus and is linked to satiation or a reduction in desire (Klein, 1984). Research has
found that anticipatory and consummatory pleasure have distinguishable neurocircuitry and
neurotransmitter systems which, in both cases, are found in regions typically related to
reward. Anticipatory pleasure is linked to dopamine and the mesolimbic pathway, whereas
consummatory pleasure is linked to serotonergic and opioid systems (Berridge & Robinson,
1998; Schultz, 2002; Wise, 2002).

We view anticipatory and consummatory mechanisms as relevant to reward sensitivity
given that one or both are likely dysregulated in addiction. For example, individuals
diagnosed with a SUD may want more alcohol (anticipatory) and have difficulty feeling
satiated (consummatory). Robinson and Berridge (1993) distinguished anticipatory and
consummatory experiences in terms of “wanting” and “liking,” respectively, by drawing

on nonhuman animal models. “Wanting” a drug is akin to anticipatory pleasure and “liking”
a drug is akin to consummatory pleasure. As one transitions into problematic substance use,
they shift from “liking” to “wanting,” or experience a compulsive desire to use (“wanting”)
even when the substance stops being pleasurable (“liking”). Individuals diagnosed with a
SUD experience a shift from “liking” to “wanting” for both specific substance(s) and other,
more general natural reinforcers (e.g., food, sex, money).® This change demonstrates a shift
(neuroadaptation) in natural reward processes among those diagnosed with a SUD whereby
there is a narrowing of one’s response towards the substance and away from other natural
reinforcers (Koob & Volkow, 2016; Ouzir & Errami, 2016).

Given the evidence for shifting reward processes in the development of addiction, it is
unsurprising that reward sensitivity is a key component to many other addiction theories and
models. Several behavioral neuroscience theories posit that changes in reward mechanisms
as a consequence of substance use are what underlie the development of addiction (Bhaskar
& Kumar, 2014; Koob & Le Moal, 2001; Koob & Volkow, 2016; Nestler, 2005; Robinson
& Berridge, 2003). Robbins and Everitt’s (1999) theory of addiction supposes that neural
circuits underlying the encoding of natural rewards are “hijacked” as a result of chronic

use of substances, resulting in lasting neuroadaptations associated with addiction that
results in decreased sensitivity to rewards. Also, the reward deficiency hypothesis proposes
that addiction results from a predisposition towards blunted neural response to reward
(Topel, 1988) and the addiction-to-pleasure theory proposes that addiction results from

a conditioned need for pleasure, which causes future pleasure-seeking (Lettieri, 1985).
Reward sensitivity is therefore widely recognized as central to AUD.

Although a large majority of prominent addiction theories tend to focus on reward sensitivity
in terms of a chronic adaptation, there is a literature suggesting that reward sensitivity

is also a premorbid risk factor for AUD. According to Reinforcement Sensitivity Theory,
response sensitivity is an individual difference construct whereby individuals with high

GAIthough, a more dated review included in this synthesis suggested that individuals with addiction may actually overrespond to
reinforcers (Berridge & Robinson, 2006).
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reward sensitivity are especially sensitive to rewarding stimuli (Gray, 1970, 1982), such as
alcohol. Research on adolescents and young adults supports the association between high
reward sensitivity and increased use (O’Connor & Colder, 2005; van Hemel-Ruiter et al.,
2015). Further, high reward sensitivity predicts reactivity to alcohol cues (Kambouropoulos
& Staiger, 2001), consistent with the mechanism of incentive salience as described later. As
consumption becomes chronic, sensitivity to natural reinforcers decreases and alcohol and
other substances are used to compensate for this deficit, thus leading to the neurobiological
adaptations (e.g., decreases in the levels of the dopamine D2 receptors and in the amount of
dopamine released by dopamine cells; Volkow et al., 2010).

Within reward sensitivity, we also include subjective response to alcohol and sensation
seeking. Subjective response to alcohol is a consummatory mechanism that refers to the
individual experience of the pharmacological effects of alcohol that reflects a premorbid

risk factor for AUD. There are two dominant theories regarding the relationship between
subjective response and risk for AUD. The Low Level of Response Model (Schuckit, 1984)
posits that individuals with a family history of AUD are more likely to exhibit low sensitivity
to the stimulating and sedating effects of alcohol. According to the Low Level of Response
Model, individuals with low sensitivity need to consume more alcohol to experience both the
rewarding and punishing effects of alcohol to the same extent as someone high in sensitivity,
which results in high levels of consumption that increases risk for AUD. In comparison,

the Differentiator Model (Newlin & Thomson, 1990) posits that increased stimulation and
decreased sedation from alcohol are what confer risk for AUD. Both low stimulation/low
sedation (LRRM) and high stimulation/low sedation (Differentiator Model) have been
associated with risk factors for AUD (Quinn & Fromme, 2011). Further, subjective response
to alcohol has been shown to prospectively predict the development and progression of
AUD, above and beyond other predictors, such as expectancies (King et al., 2016; Morean &
Corbin, 2010; Schuckit, 1984; Quinn & Fromme, 2011). In light of this research, we believe
there is merit to reward sensitivity as a premorbid risk factor for AUD.

We also include sensation seeking as a consummatory reward-related mechanism. Sensation
seeking is the tendency to seek out novel and thrilling stimulation (e.g., Cyders & Smith,
2007; Peterson & Smith, 2019; Zuckerman et al., 1980), with emphasis on the experience
of pleasure in the moment (i.e., consummatory pleasure). Sensation seeking may manifest
as the pursuit of pleasure (e.g., substance use) at the expense of potential risks (e.g., health
problems). The majority of research suggests that sensation seeking acts as a premorbid
risk factor rather than an adaptation resulting from chronic alcohol use. Within the ETOH
Framework, sensation seeking also encompasses novelty and fun seeking, which all tend to
be highly correlated and are conceptually similar (see Statuz & Cooper, 2013 for a review).
Sensation seeking predicts alcohol use quantity and frequency, binge drinking, alcohol-
related problems, initiation of alcohol use, early-onset AUD, and dependence (Coskunpinar
et al., 2013; Stautz & Cooper, 2013; Tarter & Edwards, 1988; Watts et al., 2020). Sensation
seeking has been successfully targeted as a mechanism for reducing alcohol consumption in
various interventions for adolescents (e.g., Conrod et al., 2006; Sargent et al., 2010) and has
been shown to be predictive of relapse in abstinent individuals (Marra et al., 1998), further
demonstrating the importance of this construct for alcohol use.
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Anhedonia, also included in reward sensitivity, is the loss of pleasure (both consummatory
and anticipatory) or decreased reactivity to pleasurable stimuli, which also encompasses

loss of motivation for natural rewards (Koob & Volkow, 2010). Anhedonia is thought to be

a consequence of AUD and other SUDs: as one develops alcohol dependence, they may
exhibit increased levels of anhedonia. Interestingly, anhedonia can be reduced with sustained
abstinence (Martinotti et al., 2008, 2011), which suggests it is amendable and lends further
merit to the conceptualization of anhedonia as a chronic adaptation.

We deviate from ANA by categorizing anhedonia under reward sensitivity as opposed

to negative emotionality (Kwako & Koob, 2017). We argue that anhedonia is more a
reward-related mechanism than an affect-related mechanism. Preclinical animal models have
demonstrated that anhedonia can also occur as a result of acute and protracted withdrawal
due to decreases in D2 receptor expression and dopamine release (Garfield et al., 2014;
Koob & Le Moal, 2001) which likely explains why anhedonia was categorized as negative
emotionality (corresponding to the withdrawal/negative affect stage of the addiction cycle)
within AARDoC/ANA (Koob & Volkow, 2010; Kwako & Koob, 2017). However, since
anhedonia is only overcome by powerful rewards, such as drugs, it is implied that drugs
work to reduce anhedonia through reward pathways as well, thus suggesting anhedonia

is a reward-related mechanism. Relatedly, anhedonia tends to be positively correlated

with craving, which is also thought to result as a consequence of reward dysregulation

(as described later) in abstinent individuals with alcohol dependence (see Garfield et al.,
2014). Also, others have argued that the distinction between the reward-related processes
of anticipatory and consummatory pleasure is central to understanding anhedonia (e.g.,
Gard et al., 2006). Thus, for the purpose of the current framework, we argue anhedonia is
most relevant to reward sensitivity, albeit, scaled in the opposite direction of reward, and
particularly anticipatory and consummatory mechanisms.

Importantly, reward sensitivity is also implicated in other forms of psychopathology

such as major depression, bipolar disorder, and psychosis suggesting it is likely also a
transdiagnostic mechanism underlying numerous forms of psychopathology (e.g., Baskin-
Sommers & Foti, 2015; Dichter et al., 2012; Garfield et al., 2014; Kapur, 2003).

Reward: Positive Emotionality—Positive emotionality is defined as a tendency towards
experiencing positive emotions (e.g., Lopez-Vergara et al., 2016). Others have described
positive emotionality as the extent to which a person feels pleasantly alert, with high positive
emotionality resulting in a state of positive engagement (e.g., Watson et al., 1988). Positive
emotionality is a broad construct. Here, we distinguish among trait positive emotionality and
drinking to increase state positive emotionality (enhancement motivations) within the ETOH
Framework.

Trait positive emotionality reflects individual differences in the predisposition towards
emotions such as cheerfulness, enthusiasm, and energy. The associations between alcohol
use, “misuse”, and AUD, on the one hand, and trait positive emotionality, on the other,
are mixed. Some research has found that individuals with lower trait positive emotionality
are at increased risk of alcohol misuse (Lopez-Vergara et al., 2016) as well as higher
levels of alcohol involvement and number of AUD symptoms (Colder et al., 2010;
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Simons et al., 2014; Wray et al., 2012), but other research found that trait positive
emotionality is not associated with increased drinking in young adults (Hussong et al.,
2001). These mixed findings may suggest that potential moderators, such as impulsivity
and environmental contexts (e.g., Colder & Chassin, 1997; Wray et al., 2012), may goad or
inhibit consumption.

Drinking to increase state positive emotionality, referred to as an enhancement-related
drinking motive (Cooper, 1994), is associated with a stronger desire to consume alcohol
(Ralston et al., 2013). Enhancement-related drinking motives are associated with heavier
consumption and increased intoxication (Simons et al., 2014), frequency of consumption
(Cooper, 1994), and binge drinking (Palfai et al., 2011), particularly among college students
(see Kuntsche et al., 2005 for a review). There may be overlap between enhancement-related
drinking motives and positive expectancies, as well, given that drinking to increase positive
emotionality is likely a strong correlate of positive expectancies (and provides positive
reinforcement; Stautz & Cooper, 2013). Importantly, drinking to increase positive emotions
has been shown to increase craving (Berridge & Robinson, 2006; Serre et al., 2015). Positive
emotionality is undergirded, at least in part, by dopaminergic functioning, which promotes
wanting and approach. Regarding positive emotionality’s relationship with AUD, it may
result in craving and chronic consumption, thereby contributing to the development of AUD.

Reward: Incentive Salience—Incentive salience describes a motivational property
whereby alcohol- and drug-related cues (i.e., conditioned stimuli), such as being in a bar
in the case of AUD, become increasingly rewarding with repeated exposure. Berridge and
Robinson (2003) refer to this motivational property as drug “wanting,” meaning the drug
cues, rather than the drugs themselves, becomes the target of appeal as a result of classic
conditioning processes that occur with chronic substance use. Incentive salience has been
consistently described as an AUD-relevant etiologic mechanism (Berridge & Robinson,
2003, 2016; Robinson & Berridge, 1993).

The shift away from neutrality of alcohol- and drug-related cues towards incentive salience
can be assessed by enhanced physiological reactivity to substance-related cues among those
with and without SUDs, including AUD. In individuals diagnosed with AUD, incentive
salience is apparent in physiologic responses such as increased salivation and heart rate in
the presence of alcohol-related cues. Indeed, cue reactivity has been repeatedly characterized
in behavioral paradigms (Field & Cox, 2008), neuroimaging studies (Schacht et al., 2013;
Wrase et al., 2007), and electrophysiological studies (Namkoong et al., 2004) and has

been demonstrated to be predictive of future drinking behavior (Rohsenow et al., 1994).
This consistent translational characterization provides support for incentive salience as a
neuroadaptation associated with the development of AUD and suggests a robust relationship
between the two.

Importantly, there are also meaningful premorbid individual differences in the tendency
toward attributing incentive salience to reward cues that make some individuals more
likely to develop an AUD than others. In the rodent literature, rodents can be categorized
as sign- versus goal-trackers based on their behavior following a Pavlovian conditioning
paradigm. Following the conditioning task, sign-trackers become attracted to the reward
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cue whereas goal-trackers treat the cue as predictive of the reward. A recent translational
review by Colaizzi and colleagues (2020) demonstrated that humans can be categorized into
similar phenotypes and, as with rodents, humans with sign-tracking traits may have greater
self-reported impulsivity, more compulsive behaviors, and attentional bias to reward cues
compared to those with goal-tracking traits (Colaizzi et al., 2020). Compared with human
goal-trackers, human sign-trackers (or those with a greater propensity towards developing
incentive salience) are more likely to be vulnerable to the development and maintenance of
AUD as well as externalizing psychopathology more generally (e.g., Flagel et al., 2010).
Nevertheless, preclinical data suggest that the development of sign-tracking is associated
with the development of self-regulation deficits, but conceptually they are distinct processes
(Flagel et al., 2010). Although conceptually distinct, incentive salience and self-regulation
may share etiologic influences. For example, the development of incentive sensitization

is associated with both craving and impulsivity (Flagel et al., 2010; Lovic et al., 2011).
Consequently, it is important to be mindful of correlated processes when seeking to identify
the unique role of a mechanism of interest. Taken together, numerous reviews in the current
synthesis supported incentive salience, and particularly the components of craving and cue
reactivity, as relevant mechanisms in AUD (Berridge & Robinson, 2006; Guerrini et al.,
2014; Koob & Volkow, 2016; Kuhn & Gallinat, 2011; Serre et al., 2015). Figure 2 displays
a cross-loading from cognitive control to incentive salience given evidence suggesting that
inhibitory control and cognitive flexibility may be predictive of sign-versus goal-tracking
behaviors (Colaizzi et al., 2020; for a review see Diamond, 2013).

Craving, and “cue-elicited craving” in particular, is thought to be an expression of reactivity
(i.e., wanting) towards substance-related cues. Thus, craving is itself considered to be a
result of these shifting reward valuations (Robinson & Berridge, 1993), although there also
exists between-individual variation in craving responses to substances (Everitt & Robbins,
2016). Cue-reactivity (typically assessed behaviorally [e.g., Field & Cox, 2008] or via
autonomic or central nervous system activity [e.g., Schacht et al., 2013]) and craving may be
partially overlapping but distinct mechanisms given that they are only modestly correlated
and tend to be differentially predictive of future drinking with cue-reactivity but not craving
being a significant predictor (Rohsenow et al., 1994). Craving may also be influenced

by additional factors, such as the interpretation of the physiological response (Tiffany &
Conklin, 2000; Witteman et al., 2015). Further, cue reactivity may simply be a result of
reward learning rather than indicative of incentive salience. That is, individuals diagnosed
with AUD have had more alcohol cue and outcome pairings than those not diagnosed

AUD. It is perhaps unsurprising, then, that people diagnosed with AUD would show a
greater response to alcohol-related cues, but it doesn’t necessarily mean they have developed
incentive salience. Indeed, cue-reactivity is unreliably associated with dependence severity
(see Hogarth, 2020 for a discussion). Although the differences between cue reactivity and
craving are not fully understood, there is a strong evidence base for incentive salience in

the maintenance of AUD and craving and cue-reactivity may be associated with this shift in
reward valuation.

Reward: Reward Discounting—Reward discounting is a broad concept that has
sometimes been described as how much value a given reinforcer loses as a function of a
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manipulated variable, such as size or probability of the reward and time (Bickel et al., 2014).
Here, it encompasses delay discounting and probability discounting.

Delay discounting describes an impulsive choice whereby an individual prefers immediately
available smaller rewards over larger but delayed rewards. It allows one to answer the
question: How much does the value of a reinforcer decrease as a function of temporal
distance? Individuals diagnosed with AUD, and SUDs in general, tend to exhibit more delay
discounting in that they tend to prefer immediately available, smaller rewards over delayed
rewards. Stronger delay discounting is associated with heavier alcohol use and greater

AUD severity, and prospectively predicts treatment outcomes (Amlung et al., 2017). Delay
discounting also plays an etiologic role in smoking acquisition (Audrain-McGovern et al.,
2009). This body of research suggests that delay discounting plays a role in both the etiology
and maintenance of addictive behavior (Amlung et al., 2017), as well as psychopathology
more broadly (i.e., bipolar disorder, borderline personality disorder; Amlung et al., 2019).

Probability discounting describes how much the uncertainty of a reinforcer decreases the
value of that reward. It allows one to answer the question: How much does the value

of a reinforcer decrease as a function of decreased probability? and provides information
about an individual’s preference between larger, but less certain rewards, and comparatively
smaller but more definite rewards. The relationship between AUD and probability
discounting is less clear than is the relationship between AUD and delay discounting.

Some research has found that individuals who use substances exhibit greater probability
discounting than nonusers in both human and nonhuman animal research, but other research
failed to find such effects (see Bickel et al., 2014 for a review). Additional research with
nonhuman animals suggests that rats exposed to alcohol in adolescence display a preference
for larger, more uncertain rewards when compared to those not exposed (Nasrallah et al.,
2009). Although this work provides tentative support for the association between alcohol
use and probability discounting, it is unclear whether probability discounting is a premorbid
feature or an acquired feature resulting from heavy consumption.

Accordingly, alcohol and other drugs may provide an immediate and reasonably certain
source of reinforcement (e.g., euphoria, stress reduction) compared to other, more delayed or
uncertain alternatives, such as natural reinforcers (e.g., sex), health behaviors (e.g., exercise),
and academic/vocational outcomes (e.g., going to college to obtain a fulfilling career). Thus,
individuals who devalue delayed or uncertain outcomes may therefore display a preference
for substance use relative to many other alternatives (Bidwell et al., 2013). This preference
typically results in more discounting among those with SUDs (Dalley et al., 2011; Voon et
al., 2020), although delay discounting may be a more robust predictor of substance use and
SUDs than probability discounting (Bidwell et al., 2013).

The subdomain of reward discounting (primary superdomain: reward) may overlap with
the superdomain of cognitive control (Amlung et al., 2017). Reward discounting is
primarily a product of reward dysregulation (i.e., shifting reward processes as a result of
substance use), but it is also related to impulsivity and response inhibition (Dalley et al.,
2011; Lee et al., 2019; Salvatore et al., 2015), which are subsumed under the cognitive
control superdomain. There is some evidence that executive functioning plays a role in
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both cognitive control (e.g., impulsivity) and reward discounting among individuals with
SUDs (Bickel et al., 2011; West, 2005). Thus, reward discounting may also be related

to the cognitive control superdomain (as indicated in Figure 2 by a dashed line between
discounting and impulsivity).

Reward: Summary—Taken together, the reward superdomain encompasses the
subdomains of habit, positive reinforcement expectancies, reward sensitivity, positive
emotionality, incentive salience, and reward discounting, which are proposed to be relevant
mechanisms in the development, and at times the maintenance, of AUD. Notably, this
domain extends the ANA’s conceptualization of reward given that ANA tends to focus
mostly on incentive salience.

Negative Valence and Emotionality Superdomain

AARDoOC and ANA propose “negative emotionality” as a domain that is intended to

be equivalent to RDoC’s negative valence system. RDoC’s negative valence system
encompasses systems “...primarily responsible for responses to aversive situations or
context, such as fear, anxiety, and loss” (NIH, 2019). However, AARDoC and ANA
conceptualize negative emotionality within the context of Koob and LeMoal’s (2001) model,
which occurs as a result of chronic adaptation to alcohol, and thus negative emotionality
within ANA is acquired as opposed to premorbid. AARDoC and ANA cover a narrower
set of negative valence mechanisms that focus on increases in negative emotional response
to alcohol (Kwako et al., 2015). This characterization overlooks other relevant mechanisms
related to AUD such as dispositional negative emotionality, reduced punishment sensitivity,
and negative expectancies.

To address AARDoC and ANA’s potentially overly narrow focus on negative emotional
response to alcohol, the ETOH Framework puts forth Negative Valence and Emotionality
as a superdomain. We separate emotionality (i.e., mechanisms related more to negative
emotion specifically) and valence (i.e., mechanisms related more to other negative effects
such as physical pain or those resulting from substance use) in this label in order to
include AARDOC’s narrower negative emotionality domain but also to broaden the scope
of negative valence to include other addiction-relevant other constructs captured in RDoC
but not ANA/JAARRDC. Additional research is likely needed to determine if valence

and emotionality mechanisms are distinct from one another. Our review suggested four
subdomains for the domain of negative valence and emotionality: negative emotionality,
coping, punishment sensitivity, and negative expectancies.

Negative Valence and Emotionality: Negative Emotionality—Negative
emotionality is a negative mood state that includes alexithymia, anxiety, irritability, and
depression. It has been implicated as one, if not the most, important mechanism across
addiction (Berridge & Robinson, 2006) and is considered both a premorbid risk factor and
acquired feature resulting from chronic substance use.

Regarding negative emotionality as a premorbid risk factor, research has demonstrated
associations between high levels of negative emotionality and heavy alcohol use (Gomberg
1997; Chassin et al., 2013; Hussong et al., 2011; King et al., 2004; Simons et al., 2014;
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see van Lier et al., 2018, for a review). For example, individuals with higher negative
emotionality (e.g., nervousness, depression) tend to drink more frequently (Flynn, 2000;
Simons et al., 2014; Swendsen et al., 2000) and individuals are more likely to drink

on days characterized by more sadness (Armeli et al., 2000; c.f., Hussong et al., 2005).
Accordingly, negative emotionality is also associated with increased odds of AUD and AUD
severity (King et al., 2004; Simons et al., 2014). This research provides some evidence

for negative emotionality as a relevant risk factor for AUD. Nevertheless, research on the
association between negative emotionality and alcohol-related outcomes has been somewhat
inconsistent, particularly among adolescents, and the association may vary based on factors,
such as the specific type of negative emotionality (e.g., anxiety versus depression) and

the specific alcohol-related outcomes assessed (see Hussong et al., 2017, for a review).
Additional research should continue to examine to what extent negative emotionality
explains variance in alcohol-related outcomes, including AUD.

According to Koob and Volkow (2016), heightened negative emotionality resulting from
chronic alcohol consumption is the result of neuroadaptation, including the downregulation
of mesolimbic reward circuits and increases in stress responding within motivational
circuits. As a result of these changes, relief from negative emotions (which is also thought
to be related to craving; Reilly et al., 2017) replaces hedonic pleasure as the driving

force behind substance use (known as “hedonic allostasis;” Koob et al., 2004). Subsequent
relief from negative emotions after drinking is negatively reinforcing, which maintains

use. Indeed, negative emationality is particularly associated with both withdrawal and
protracted abstinence and may be one mechanism through which consumption escalates
and relapse becomes more likely (Koob & Volkow, 2016). These findings are consistent
with research demonstrating that alcohol craving is positively associated with negative
emotionality and that craving can be evoked by inducing negative emotion (Serre et

al., 2015). Negative emotionality as a chronic adaptation has been well characterized
within several neurotransmitter systems and molecular neurocircuits, particularly within the
withdrawal/negative affect stage of addiction, pointing to the biological bases of increased
negative emotionality observed in those with addiction (see Koob & Volkow, 2016 for a
review). In light of the research on hedonic allostasis and trait negative emotionality, it is
likely that negative emotionality is both an acquired feature of and a premorbid risk factor
for AUD.

Taken together, negative emotionality is likely implicated in AUD multiple stages in the
addiction cycle, serving as premorbid risk factor and arising from chronic adaptation to
use. This construal broadens the ANA’s negative emotionality domain as a neuroadaptation
resulting from chronic use by explicitly considering its role as a premorbid risk factor for
AUD.

Negative Valence and Emotionality: Coping—Coping describes the ways in which
individuals manage negative emotions and involves complex cognitive processes (e.g.,
appraisal) and behaviors in response to stress or problems (Lazarus & Folkman, 1984).
Coping is likely uniquely associated with AUD above and beyond negative emotionality
more generally. Thus, coping is closely related to negative emotionality. Several models of
addiction theorize that individuals drink in an attempt to cope with or ameliorate negative
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emotions (Cooper, 1994; Cox & Klinger, 1988; Shiffman & Wills, 1985), including the
self-medication model of addiction (Khantzian, 1997; West, 2005), the Tension-Reduction
Theory (Cappell & Herman, 1972), and the Coping Theory (Milkman & Frosch, 1980;
Lettieri, 1985).

Self-reported coping motives are particularly implicated in alcohol-related problems and
AUD, especially among those who use alcohol to avoid or deal with negative emotions (i.e.,
emotion-focused coping; Berridge & Robinson, 2006; Hogarth, 2020; Martens et al., 2008).
The specific mechanisms noted under the coping subdomain include problem-focused and
emotion-focused coping. Problem-focused coping aims to remove the stressor from the
environment whereas emotion-focused coping strategies (which tend to be more consistent
with “coping motives” described in the literature) aim to alleviate the emotional responses
to the stressor (Lazarus & Folkman, 1984). The distinction between problem- and emotion-
focus coping is important because problem-focused coping is associated with less alcohol
consumption than emotion-focused coping (Brady & Sonne, 1999; West, 2005). Emotion-
focused copers, those who try alleviating emotional responses to stressors (e.g., alleviation
of negative emotion resulting from a stressor), tend to drink more, potentially as a result

of the negative reinforcement that occurs when alcohol provides alleviation from negative
emotion (Reilly et al., 2017).

Drinking to reduce negative emation is longitudinally associated with alcohol dependence
(Carpenter & Hasin, 1998). This relationship is further supported by research by Marten
and colleagues (2008) which showed a three-way interaction among alcohol use, negative
emotion, and coping motives in predicting alcohol-related problems in college students. For
those low in coping motives, the association between alcohol use and related problems was
the same regardless of level of negative emotion. For those high in coping motives, the
association between use and related problems was significantly stronger for individuals high
as opposed to low in negative emotionality. Thus, negative emotionality and coping may
work together to increase risk for heavy consumption and AUD. For example, negative
emotionality may increase the relative reinforcing value of alcohol compared to other
alternatives, particularly among those with drinking to cope motives (Rousseau et al.,

2011), which may confer risk for dependence above and beyond consumption by increasing
impairment or promoting symptoms of dependence such as craving. The reasons for why
coping motives predict alcohol-related problems beyond what is explainable by consumption
has yet to be resolved.

Negative Valence and Emotionality: Punishment Sensitivity—Within the context
of alcohol use, punishment sensitivity is intended to describe a reduced sensitivity to the
aversive effects of alcohol (e.g., flushing or hangover; Agarwal & Goedde, 1989), which is
closely related to the mechanism of “loss discounting” (i.e., a decrease in loss aversion when
a loss is delayed versus immediate). When coupled with increased delayed discounting of
rewarding effects of alcohol, such differences in punishment sensitivity and loss discounting
are likely potent contributors to vulnerability to AUD. Reduced sensitivity to punishment

is associated with familial history of AUD (Finn et al., 1994) and has been implicated

as a significant factor in early onset AUD (Finn et al., 2002). Indeed, reduced sensitivity

to punishment is also related to heavier alcohol use (Jonker et al., 2014; Tapper et al.,
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2015), but its statistical associations with alcohol use are attenuated after taking into account
reward sensitivity (Jonker et al., 2014). This research suggests that reduced sensitivity to
punishment and reward sensitivity both account for unique variance in alcohol consumption
and AUD, but effects are stronger for reward sensitivity. Note, also, that as substance use
progresses to addiction and becomes more compulsive, punishing outcomes become less
effective in suppressing substance seeking behavior (Lischer et al., 2020). Consequently, it
is important to consider stage of addiction in evaluating the role of punishment sensitivity.

In light of Gray’s revised Reinforcement Sensitivity Theory (rRST; Gray & McNaughton,
2000), sensitivity to punishment is viewed as a premorbid risk factor for AUD. Unlike
reward sensitivity, punishment sensitivity remains relatively stable from childhood to
adulthood (Fox et al., 2005). Preliminary evidence also suggests that low punishment
sensitivity is especially related to alcohol and cannabis use in individuals with low levels of
inhibitory control (e.g., Kahn et al., 2018), pointing to the need for more research examining
the role of effortful control in the link between punishment sensitivity and substance use
behaviors.

Within the ETOH Framework, the mechanism of loss discounting is included to represent
sensitivity to punishment. Loss discounting describes a decrease in loss aversion (e.g.,
punishment) when the loss is delayed as opposed to immediate. Compared with controls,
individuals diagnosed with AUD exhibit more discounting of future losses (Bailey et al.,
2018). This finding offers preliminary support for loss discounting as a mechanism in AUD,
but its inclusion in the ETOH Framework is more tentative and requires further research.

Negative Valence and Emotionality: Negative Expectancies—Compared with
positive expectancies which were covered in the reward superdomain, here we include
negative expectancies, and specifically negative outcome expectancies. Negative outcome
expectancies describe beliefs people hold about the likelihood of experiencing negative
effects from alcohol (West, 2005). Examples of negative expectancies include: Alcohol will
make me feel sick and alcohol will make me more aggressive.

Compared with positive expectancies, negative expectancies have been less consistently
examined in the alcohol literature and the research that does exist is fairly mixed. Regarding
the relationship between negative expectancies and consumption, some authors have found
that they are inversely related whereas others have found no association between the two
and suggest, instead, that such associations are better accounted for by variables such

as sex or personality (see Jones et al., 2001 and Patrick et al., 2009 for overviews of

this literature). It has also been hypothesized that negative expectancies might provide
motivation to reduce or stop drinking (Jones et al., 2001). This hypothesis is supported

by work demonstrating that pre-treatment negative expectancies predict treatment outcomes
whereas positive expectancies do not (Jones & McMahon, 1996). Additional work has
suggested that adolescents with more negative expectancies drink less alcohol one to two
years later, yet there also exists other work to the contrary demonstrating that negative
expectancies at age 16 do not predict alcohol use or problems in adulthood (see Patrick

et al., 2009 for an overview). Indeed, the research on negative expectancies in the role of
facilitating AUD has been highly mixed.
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It is conceivable, based on these findings, that early on in one’s drinking career,
consumption is more easily influenced by the expectancy of punishment (i.e., negative
expectancies) such that it is associated with inhibition of consumption. However, as an
individual’s drinking becomes heavier, and perhaps more compulsive, negative expectancies
tend to influence consumption less. Thus, the role of negative expectancies may be stage
dependent. Thus, we have chosen to retain negative outcome expectancies in the ETOH
Framework. We advocate for additional research into the role of negative expectancies in the
etiology and maintenance of AUD.

Several reviews categorized as “negative emotionality” focused on the stress system and
stress response specifically (Buisman-Pijlman et al., 2014; Guerrini et al., 2014; Ouzir &
Errami, 2016; Rew, 1989; Schneeberger et al., 2014; Thatcher & Clark, 2008). Some of
these reviews describe states of stress as a component of the withdrawal/negative affect
stage of addiction (e.g., Koob & Volkow, 2016), whereas others describe stress and trauma
exposure as an early-life risk factor (e.g., Clarke et al., 2012). In general, though, the
literature seems to lack clear directionality for the relationship between stress and AUD or
consumption (i.e., is dysregulation in the stress system a cause or consequence of AUD?).
Numerous studies have tried to characterize stress-induced drinking (i.e., stressor exposure
as an independent variable and alcohol-related behavior as an outcome) and stress-reduction
or stress-response dampening (i.e., where alcohol consumption is the independent variable
and stress response is the dependent variable).

Overall, there is some support for both stress-induced drinking effects and stress-response
dampening effects, but both are highly conditional on both dispositional and contextual
variables (Sher & Grekin, 2007). For example, laboratory studies suggest that stressful
situations are more likely to result in increased consumption when the risk of punishment
for intoxication is low and when more effective methods for coping with the stressor are

not available (Sher, 1987). Field, diary, and EMA studies lead to similar conclusions (Sher
& Grekin, 2007). Laboratory studies also indicate that whether a moderate dose of alcohol
is likely to lead to reduced response to a discrete stressor is highly dependent upon both
personological and situational variables (Hull, 1987; Sayette, 1999; Steele & Josephs, 1990),
although more unconditional effects can be observed at higher doses (Donohue et al., 2007).
Thus, whether one chooses to drink when stressed is highly contextual. Given the highly
conditional nature of the stress-alcohol relation, we have not designated stress as its own
subdomain in the current mechanistic framework, although it is clearly closely related to
both trait and state negative emotionality, especially state negative emotionality associated
with acute or prolonged stress. Future research should further explore stress as a mechanism
in AUD, determine if it is distinct from negative emotionality in general, and disentangle the
extent to which it is acquired, premorbid, or both.

Negative Valence and Emotionality: Summary—The superdomain of negative
valence and emotionality extends the ANA’s narrower conceptualization of negative
emotionality to also include mechanisms such as negative expectancies and punishment
sensitivity.
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Coghnitive Control Superdomain

The superdomain of cognitive control broadly represents mechanisms traditionally
considered a part of executive functioning. As previously described, AARDoC articulates
this domain as including mechanisms related to the organization of behavior towards
future goals and argues it encompasses things such as set shifting, response inhibition,
and planning. Like ANA’s conceptualization of cognitive control, the cognitive control
superdomain in the ETOH framework includes mechanisms related to deficits in
conscientiousness but is expanded to include a compulsivity domain. These superdomains
encompass the subdomains of conscientiousness, response inhibition, and compulsive use.

Cogpnitive control bifurcates into impulsivity and compulsivity given research suggesting
that impaired cognitive control mechanisms are linked to both impulsive and compulsive
drug seeking. For example, preclinical research suggests that impulsivity is a precursor

to compulsive use (Belin et al., 2008). Indeed, compulsivity is likely underpinned by
dysregulation in response inhibition (i.e., impulsivity) and contingency-related cognitive
inflexibility (e.g., Dalley et al., 2011; Lee, et al., 2019). Importantly, though, it seems that
impulsivity and compulsivity are overlapping in that they share elements of disinhibition
but that they are distinct constructs (Lee et al., 2019). This research supports the decision
to construe impulsivity and compulsivity as separate domains while acknowledging their
association.

Finally, in the case of both domains being placed under cognitive control, they appear

to serve as both premorbid risk factors and downstream consequences of chronic alcohol
consumption. Indeed, impairments in cognitive control likely have bidirectional, causal
associations with AUD.

Cognitive Control: Impulsivity

Impulsivity: Conscientiousness.: Conscientiousness is a broad, hierarchically-organized
personality trait that reflects tendencies towards cautiousness, dutifulness, and planfulness,
and contains narrower components such as self-control, deliberation, and order, among
others (e.g., Costa & McCrae, 1998). Within the subdomain of Conscientiousness, we
include the narrower traits of lack of planning and lack of perseverance.

Within the UPPS-P model of impulsivity, lack of planning and lack of perseverance cohere
into a higher-order “deficits in conscientiousness” factor (e.g., Cyders & Smith, 2007;

Dick et al., 2010). Lack of planning (also called lack of premeditation) is the tendency

to act without forethought, while lack of perseverance (also called lack of persistence) is
conceptualized as the inability to sustain the attention or motivation necessary to complete a
task (Smith et al., 2007). There is a significant literature regarding the relationships between
both conscientiousness subdomains and AUD.

In addition to deficits in conscientiousness, there are two other higher-order factors in the
UPPS-P model, urgency (which contains lower-order negative and positive urgency factors)
and sensation seeking, which indicates that deficits in conscientiousness are subsumed
under, but are not isomorphic with, the broader trait of impulsivity. As we mentioned
earlier, we deviate from ANA in that we place the UPPS-P deficits in conscientiousness
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(lack of planning, lack of perseverance) dimensions and positive/negative urgency under the
Cogpnitive Control superdomain and sensation seeking factor under the Reward superdomain.
We have intentionally disaggregated UPPS-P impulsivity dimensions within the ETOH
Framework because UPPS-P dimensions relate differentially with alcohol use and alcohol-
related outcomes (Coskunpinar et al., 2013; Smith et al., 2007), and may be associated

with different cognitive systems (e.g., Jentsch et al., 2014). For example, response inhibition
appears dependent upon the lateral prefrontal and dorsal striatal systems, whereas other
facets of impulsivity are dependent upon medial prefrontal and ventral striatal functioning
(Stevens et al., 2014).

In a meta-analysis of adolescents, Stautz and Cooper (2013) demonstrated that lack of
planning and lack of perseverance were significantly associated with alcohol consumption
and problematic use. Other meta-analyses of a wider age range of people similarly found
that lack of perseverance was associated with drinking quantity (r=0.32), and lack of
planning was associated with drinking problems (r= 0.27; Coskunpinar et al., 2013).
Thus, individuals who act without forethought and have difficulty sustaining attention or
motivation (i.e., low conscientiousness) may be more at risk for alcohol-related problems.
Further, individuals lower in conscientiousness are at increased risk of relapse following
treatment (Bottlender & Soyka, 2005; Ouzir & Errami, 2016; Preuss et al., 2012).

Deficits in conscientiousness are implicated in various points of addiction, from premorbid
vulnerability to chronic adaptation and relapse, and thus are likely a core mechanism

by which AUD is initiated and maintained. Further, deficits in conscientiousness are

also implicated in other forms of psychopathology that commonly co-occur with AUD
(e.g., antisocial personality disorder, attention deficit/hyperactivity disorder, particularly
inattention), it may be an important transdiagnostic mechanism that accounts for their
co-occurrence (Roberts et al., 2009; Stanton & Watson, 2016).

Impulsivity: Response Inhibition.: Response inhibition describes “the ability to suppress
dominant, automatic, or prepotent responses” (Friedman & Miyake, 2004, p. 104). Response
inhibition has also been described as rapid-response impulsivity, which is “a tendency
toward immediate action that occurs with diminished forethought and is out of context

with the present demands of the environment” (Hamilton et al., 2015, p. 1).” Specific
components and mechanisms within the response inhibition subdomain include loss of
control, substance-related disinhibition, and positive and negative urgency.

Loss of control broadly describes the failure to stop an ongoing or prepotent action, such

as substance use, once use of the substance has begun. The concept is attributed to E.M.
Jellinek (1952), who describes loss of control as an uncontrollable urge to consume more
alcohol, leading to heavy drinking or bingeing (Hill, 1985). Within the alcohol literature,
loss of control is often described more specifically as impaired control over drinking. Within
the ETOH framework, we choose the more general term “loss of control” rather than

T\We have retained conscientiousness and response inhibition as separate subdomains because the broader literature describes them
as empirically distinct (Cyders & Coskunpinar, 2011, 2012) despite the fact that they are conceptually overlapping. We suspect part
of the reason they are described as distinct is because the two are studied in different silos. Conscientiousness is typically probed
with questionnaires and response inhibition is typically probed with laboratory tasks, and so method variance precludes considerable
overlap between measures of these constructs.
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“impaired control over drinking” for two reasons. First, “impaired control over drinking” is
a broader label that includes several mechanisms such as the inability to abstain (designated
under the “compulsive use” subdomain) and loss of control over consumption (which we
designate here within the “response inhibition” subdomain). We treat the inability to abstain
and loss of control as separate given research suggesting that the two mechanisms are
conceptually and neurobiologically distinct (e.g., Hamilton et al., 2015). This approach

is also consistent with the DSM-5, which classifies loss of control (i.e., drinking longer

or large amounts than intended; APA, 2013) as distinct from the inability to abstain

(i.e., failed attempts to quit or cut down) in that they are separate diagnostic criteria. In
comparison, ICD-10 and ICD-11 include a single impaired control criterion, which describes
“Difficulties in controlling substance-taking behaviour in terms of its onset, termination, or
levels of use...” (WHO, 1992, p.75; Saunders et al., 2019).8 Second, “loss of control” is

a term that is more substance-general when compared to “impaired control over drinking,”
allowing for more a direct comparison of this mechanism across substances.

Many researchers argue that loss of control is a cardinal feature of AUD (Edwards & Gross,
1976; Koob & Volkow, 2016; c.f., Hill, 1985) but several reviews failed to report specific
empirical evidence in support of this position (Polcin, 1997; West, 2005). In general, the
larger literature fails to distinguish between the inability to abstain and loss of control,
making it difficult to characterize the literature in regard to how certain outcomes are related
uniquely to loss of control. Despite this failure, there is a significant literature to suggest that
impaired control over drinking, broadly defined, is associated with several alcohol-related
outcomes, both as a premorbid risk factor and a result of chronic adaptation to substance
use. For example, impaired control over drinking is related to the onset of alcohol-related
problems (prospectively and retrospectively), frequency of consumption, and heavy drinking
(Leeman et al., 2014; Vogel-Sprott et al., 2001; Weafer & Fillmore, 2012). Moreover, there
is evidence for the relationship between impaired control over drinking and neurobiological
dysfunction (e.g., in the insula), suggesting that impaired control over drinking may be
closely linked with identifiable biological mechanisms among those diagnosed with AUD
(Leeman et al., 2014), as well as among humans more generally (Field et al., 2010).
Impaired control may be at least partially attributable to one’s alcohol-related expectancies
(Marlatt et al., 1973).

Substance-related disinhibition describes difficulty in suppressing motivated behaviors (e.g.,
eating, sexual activity, aggression) to engage in socially sanctioned behavior while under

the influence of substances such as alcohol (Polivy, 1998; Weafer & Fillmore, 2012).
Research has consistently demonstrated that alcohol impairs inhibitory control (Day et

al., 2015; Weafer & Fillmore, 2012). Consequently, intoxication can result in difficulty
suppressing behaviors that result in negative consequences (e.g., aggression, provoking
fights, driving while intoxicated). Some theories suggest there is relationship between
alcohol-related disinhibition and AUD and related problems (West, 2005), although few
studies have elaborated on the specific empirical evidence for such associations. In terms of
aggression, the effects of alcohol appear to be conditional on baseline executive function and

8Notably, ICD-11 also includes a single impaired control criterion but extends the ICD-10 definition to include “...a subjective
sensation of urge or craving to use alcohol” (Saunders et al., 2019, p.5).
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explicit provocation (Giancola, 2004). Taken together, research suggests that alcohol-related
disinhibition may be a relevant alcohol-specific mechanism in AUD, but more research is
needed to clarify the exact nature of the relationship.

Positive and negative urgency describe the tendency to engage in rash behavior when in an
extreme positive or negative mood, respectively (Cyders & Smith, 2007; Stuatz & Cooper,
2013). Urgency more generally reflects difficulties with response inhibition while in an
extreme positive or negative mood state, which is why it is included here rather than under
the subdomains of positive or negative emotionality.

A cross-sectional meta-analysis of adolescent samples demonstrated that positive urgency is
associated with alcohol consumption (r=.27) and problematic alcohol use (r=.31; Stautz
& Cooper, 2013). Positive urgency is also associated with alcohol use initiation (e.g., Gunn
& Smith, 2010; Watts et al., 2020), quantity of consumption, and alcohol-related problems
(Coskunpinar et al., 2013; Peterson & Smith, 2019). Thus, positive urgency is likely a
premorbid (prospectively-assessed) risk factor for AUD. Moreover, positive urgency is also
associated with other risky and potentially harmful behaviors (e.g., risky sexual behavior,
non-suicidal self-injury), so it is regarded as an important transdiagnostic mechanism

(Um & Cyders, 2019). Although the association between positive urgency and alcohol
related problems seems clear, the relationship between positive emotionality and alcohol
involvement remains to be fully resolved. Some research suggests that extraversion, which
contains positive emotionality, is not associated with drinking among college students, but
it is associated with selecting (i.e., niche picking) into high-risk environments such as

the Greek system where drinking takes place. So, positive emationality may influence the
selection of high-risk environments but not selection of high-risk behaviors per se (see
Littlefield & Sher, 2010 for a review).

There is similarly consistent evidence for negative urgency’s association with alcohol-
related outcomes including, alcohol use initiation (Gunn & Smith, 2010; Peterson et

al., 2018; Stautz & Cooper, 2013), alcohol-related problems (e.g., Coskunpinar et al.,

2013), and alcohol dependence symptoms (Stautz & Cooper, 2013). This research suggests
that individuals who tend to engage in risky behaviors under negative emotions are at

risk for increased alcohol involvement. Further, Smith and Anderson’s (2001) Acquired
Preparedness model implicates the role of negative urgency in alcohol-related risk and posits
that negative urgency may serve to predispose individuals towards viewing alcohol use as

an adaptive response to distress (Settles et al., 2010). This finding lends merit to negative
urgency as a premorbid risk factor for AUD.

Overall, the response inhibition domain appears to be clearly relevant to AUD and was
among the constructs identified by addiction experts as fundamental to AUD (Ydicel et al.,
2019). Further, response inhibition has also been noted as a heritable endophenotype for
addiction (Jentsch et al., 2014) and others (i.e., Reilly et al., 2017) have demonstrated how
dopamine receptors (i.e., DRD2 and DRD4) are implicated in the modulation of neural
mechanisms that underlie response inhibition in the binge-intoxication stage of addiction.
Interestingly, some research demonstrates that response inhibition is genetically related to
behavioral disinhibition (e.g., Young et al., 2009). It is therefore plausible that response
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inhibition, if indeed closely associated with behavioral disinhibition, may also be general
to all externalizing psychopathology (e.g., Krueger et al., 2002) rather than specific to
addiction. Therefore, we consider response inhibition a relevant mechanism in the etiology
of AUD, but it may be general to other psychopathology.

Cognitive Control: Compulsivity

Compulsivity: Compulsion.: Within the addiction literature, compulsion is described as a
loss of voluntary control over behavior such that punishment no longer suppresses ostensible
reward seeking. Compulsion can manifest in difficulty resisting urges to use, as well as
repetitive behaviors performed in a habitual or stereotyped manner, typically in situations
where the actions are inappropriate (e.g., Robbins et al., 2012). In individuals diagnosed
with AUD, compulsion can result in an inability to control one’s drinking despite a desire

to do so and/or negative consequences due to drinking. Some models suggest that there is

a shift from positive to negative reinforcement as individuals transition from impulsive to
compulsive use. This shift is thought to reflect a change in neurocircuitry whereby there

are (2) decreases in reward function and (b) increases in stress function in the motivational
circuits of the ventral striatum, extended amygdala, and habenula. The shift from impulsive
to compulsive use is thought to maintain consumption through habitual drug-seeking and use
(Koob & Volkow, 2016). Interestingly, despite its relevance, compulsion is not consistently
included in modern conceptualizations of addiction (e.g., AARDoC/ANA). Compulsion

has also been criticized by some authors (e.g., Pickard, 2020) as problematic in that it
largely ignores evidence in support of the impact of environmental and context-specific
contingencies on choice and research suggesting that the choice to use is actually voluntary
and value-based and, therefore, not compulsive. However, given compulsion-related shifts in
neurocircuitry are well-established in the literature, we advocate for its inclusion within the
ETOH Framework at this point in time.

Compulsion is distinct from habit (i.e., the automation of behavior based on initial
reinforcement learning); the former is associated with the experience of being forced or
compelled to act despite negative consequences or punishment, whereas the latter is not
necessarily associated with the expected reward value of the substance once established, is
more automatic, and can be modified by the direct experience of the substance (e.g., loss

of positive reinforcement; Everitt & Robbins, 2005, 2016; Hogarth, 2020). Given that they
are likely closely associated and potentially sequential in nature, with habit thought to serve
as the “puilding blocks” for compulsive drug seeking (Everitt & Robbins, 2016), we have
included a cross-loading between compulsion and habit (reward superdomain).

In an expert consensus study (Yucel et al., 2019), compulsion was identified as a critical
construct that had been omitted from the RDoC model. The results of our review support
this conclusion. As such, we believe that compulsion is necessary to include in the current
framework as well as any other mechanism-based conceptualization of AUD. Of note,
RDoC’s positive valence domain was revised in the summer of 2018 and it now includes
aspects of compulsivity (e.g., reward valuation). However, we believe compulsivity is a core
feature of AUD that warrants its own domain. Included under the domain of compulsivity
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is the subdomain of compulsive use, which we believe is general to SUDs and reflects the
inability to abstain from substance use (Prom-Wormley et al., 2017).

Cognitive Control: Summary—Dysregulated cognitive control serves as a major
mechanism in the development and maintenance of AUD and is described within the ETOH
Framework as encompassing the lower order subdomains of conscientiousness, response
inhibition, and compulsive use.

Additional AUD-relevant Constructs

Our review discovered four constructs that were not covered by existing models (e.g.,
ANA/AARDOoC, NIDA PhAB): negative valence, compulsivity, opponent process, and self-
awareness. As we noted earlier, we deemed negative valence and compulsion as worthy of
inclusion in the ETOH Framework because they appear causally implicated in AUD, either
as premorbid risk factors or consequences of use, or both. We determined that the two other
constructs, opponent process and self-awareness, appear to act as critical moderators of the
ETOH Framework domains. As such, we do not include them in the overall framework
(Figure 2) but have elected to emphasize their apparent roles in AUD by describing them
here in a “Critical Moderators” section. Additionally, we end by describing relevant social
and environmental mechanisms that are worth further consideration.

Critical Moderating Processes—We designated opponent processes and self-awareness
as critical moderating mechanisms rather than superdomains, domains, or subdomains given
they are thought to act upon the other mechanisms articulated within the ETOH Framework.
That is, they are thought to moderate the expression of ETOH subdomains that are more
directly implicated in the etiology, onset, or maintenance of AUD. At the same time, we
elected to describe them in our review because they were discussed by a number of reviews
and because we believe they are necessary to consider in any comprehensive, mechanistic
framework of AUD etiology.

Opponent Process.: Opponent process theories describe hedonic processes that are altered
as a consequence of substance use. The more one uses, the more the pleasurable effects of
the substance (or other reinforcers) will decrease with time as a result of the recruitment

of countervailing opponent processes that offset the pleasurable effects. Opponent process
theories also posit that this process occurs in the opposite direction whereby negative effects
decrease with time as a result of the positive effects intensifying (e.g., pain relief; see Leknes
et al., 2008). Thus, opponent processes can dampen both pleasurable and punishing effects
of substances and are viewed as a primary mechanism of tolerance development.

Opponent process theories rest on the idea that our central nervous system works to maintain
a hedonic balance through the use of opponent processes whereby an “a-process” is evoked
from the use of a substance and is followed by a “b-process” that has the opposite effect

to the substance (Solomon, 1980; West, 2005). As use continues, the a-state remains the
same as the b-state intensifies, becoming stronger and longer in duration, thus decreasing

or counteracting, the strength of the a-state (e.g., Solomon, 1980) resulting in acquired
tolerance to substances. Critically, these countervailing b-process can come to be elicited
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by cues surrounding substance administration through a process of classical conditioning, in
effect, moving the post-consumptive b-state into an anticipatory b-state (Siegel et al., 1987).

Koob and Volkow (2016) hypothesize that as the binge-intoxication stage triggers opponent-
process responses, pleasure is diminished (a-state) via dopamine and brain stress system
activity (b-state) increases (see also Reilly et al., 2017). Over time, the repeated elicitation
of opponent processes results in a change in hedonic set point such that there is a chronic
effect of b-states resulting in tonic changes in affective tone (Koob & Le Moal, 2001), which
results in apparent withdrawal-like phenomena and the need for increasing doses of the drug
to maintain normal reward or hedonic impact (Koob & Le Moal, 2001). When the drug is
not present, this allostatic state results in the negative reinforcement stage of addiction which
is associated with acute and protracted withdrawal, and, thus, contributes to compulsive
drug-seeking and addiction (Koob & Volkow, 2016). Because opponent processes act on
rewarding and punishing effects, we designated them as critical moderators separate from,
rather than overlapping with or encompassed by, the superdomains of reward and negative
valence.

Self-Awareness.: Self-awareness encompasses three more specific components: awareness
of disorder, awareness of internal states, and awareness of self in social contexts. Generally,
these describe insight-related constructs whereby attention is self-directed (Fenigstein et
al., 1975) and information is organized according to its self-relevance (Hull & Leavy,
1979). Awareness of disorder describes an awareness of one’s substance-related behavioral
impairment or need for treatment, whereas awareness of internal states has been described
as a cognitive problem of self-regulation whereby an individual is unable to regulate their
own behavior due to impairment in self-evaluative assessments (e.g., related to one’s mood,
which is known more specifically as alexithymia; Lettieri, 1985; Stewart, 1996; Thombs &
Osbhorn, 2013). Traditionally, awareness of internal states has been described as private self-
consciousness, the aspect of self-consciousness whereby one engages in a private “mulling
over self” (Fenigstein et al., 1975, p. 525) or looking inwards to one’s feelings and motives.
In comparison, awareness of self in social contexts describes the mechanism of public
self-consciousness, awareness of how one relates to others in social situations (Fenigstein
et al., 1975). Public self-consciousness can include, for example, the awareness of other’s
perspectives of self and is often focused on the reactions of others.

Research has demonstrated a relationship between AUD and impaired insight, broadly
defined (e.g., Rafferty et al., 2020; Reilly et al., 2017; Tarter et al., 1985).9 Based on
our review, we concluded that self-awareness likely moderates the expression of ETOH
domains because lack of self-awareness in isolation need not indicate AUD per se, but
it likely impacts the manifestation of AUD. For instance, lack of awareness of disorder
may prevent efforts to cut down, whereas lack of awareness of internal states and lack

SWe use the phrase “broadly defined” because lack of awareness is a multifaceted construct that has been described by a number of
terms. For example, in the neuropsychiatry addiction literature, this process has been referred to as “anosognosia,” or an ignorance of
the presence of disease (e.g., Le Berre & Sullivan, 2016), and in the psychodynamic and psychosocial addiction literature as “alcoholic
denial” which is loosely defined, but sometimes used to refer to a lack of insight (Sher & Epler, 2004). Given research that suggests
these constructs are likely encompassed by a more general lack of awareness (David et al., 2012), meaning the distinctions between
these terms are likely arbitrary, we chose the label “lack of awareness” to describe this subdomain.
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of awareness of self in social contexts may prohibit insights into levels of impairment,
thereby increasing the likelihood that someone may drive under the influence of alcohol
because they think they are less drunk than they are (e.g., Rafferty et al., 2020). Lack

of self-awareness may also moderate AUD’s expression such that it increases the extent

to which AUD is associated with impairment (e.g., Hull, 1987). Alternatively, high self-
awareness can be viewed as a predisposing factor for experiencing self-conscious emotions
such as guilt and embarrassment. Because alcohol acutely interferes with the cognitive
processes maintaining self-awareness (Hull, 1981) high self-aware individuals are likely

to experience greater stress reduction when confronting self-relevant stressors (e.g., failure
experiences). Within RDoC, self-awareness, described as the perception and understanding
of self or “self-knowledge,” is categorized under the domain of “social mechanisms.” NIDA
PhAB highlights a more central role of social mechanisms than does ANA by outlining a
Metacognition domain (Keyser-Marcus et al., 2021).

Some empirical research suggests that lack of self-awareness is thought to reduce the
chances of initiating and maintaining reductions in drinking (Le Berre & Sullivan, 2016).
Similarly, lack of awareness of internal states is associated with increased probability of
relapse among individuals following detoxification, particularly in the face of relatively
negative self-relevant life events (Hull et al., 1986). Further supporting the role of self-
awareness as a critical moderator of AUD domains, high self-consciousness is associated
with increased attitude-behavior consistency (Kernis & Grannemann, 1988), meaning that it
could serve to increase or decrease risk for AUD depending on individual expectancies and
attitudes.

Self-awareness may also serve as a premorbid risk factor or consequence of AUD, but
research supporting this possibility is fairly meager. Regarding self-awareness’ role as a
premorbid risk factor in AUD, some research has shown that high private self-consciousness
is related to increased alcohol use whereby individuals drink to avoid self-awareness,
especially in the face of personal failure (e.g., Hull & Leavy, 1979; see also Sher & Epler,
2004). Public self-consciousness, in comparison has been demonstrated as a predictor of
alcohol use (e.g., LaBrie, Hummer, et al. 2008; LaBrie, Pedersen, et al., 2008) and is
relevant to several explanations and models of substance use (Lettieri, 1985), although the
direction of this relationship has been mixed (e.g., Foster & Neighbors, 2013).

Regarding self-awareness as a consequence of AUD, others have argued that acute

and chronic alcohol use impairs one’s ability to encode self-relevant information, thus
decreasing self-awareness and failed problem recognition (Hull, 1987; Sher & Epler, 2004).
Failures in self-awareness and problem recognition are thought to occur both (a) acutely, or
in the moment, as a result of alcohol use which results in a narrowing of one’s attention
away from the self, and (b) more chronically, resulting in so called “alcoholic denial,” for
example. The specific role of self-awareness in AUD, and psychopathology more generally,
requires more attention.

Social and Environmental Mechanisms—Several of the reviews focused on social and
environmental factors. As such, it may be worthwhile to consider these factors within the
current framework in future work. Although the interplay of environmental and contextual
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factors in AUD and treatment outcomes has been acknowledged by AARDoC/ANA, we do
not explicitly consider environmental and contextual factors as their own ETOH domains.
We have made this decision because it is difficult to determine which of these environmental
factors serve truly as mechanisms rather than general risk factors, and many environmental
factors may be associated with specific ETOH domains. Although not explicitly included in
our framework, we do not dismiss the critical importance of social and environmental factors
on outcomes such as rates of consumption and excessive consumption and, therefore, still
support environmental and policy approaches to the prevention of excessive consumption
and AUDs (e.g., Borsari et al., 2007).

Summary of the ETOH Framework

Taken together, the ETOH Framework organizes mechanisms of AUD by arranging

them in a hierarchical framework consisting of superdomains, domains, subdomains, and
specific components and mechanisms. Relevant mechanisms are grouped into the higher-
order superdomains of cognitive control, reward, and negative valence and emotionality.
Each superdomain subsumes narrower, hierarchically organized components (i.e., domains,
subdomains, and components and mechanisms). In contrast with frameworks such as
AARDOC/ANA and NIDA PhAB, the ETOH Framework recommends an increased
conceptual role for negative valence and compulsion given their importance in the
development and progression of AUD. Further, the current framework designates each
mechanism as substance-general or alcohol-specific and premorbid or acquired, features
that are not well resolved by other dimensional models of AUD but would appear to be
critical for theory, assessment, and treatment. Last, the ETOH Framework describes two key
moderating mechanisms, opponent process and self-awareness, which are proposed to exert
influence upon the mechanisms included within the framework.

Implications for Research, Diagnosis, and Treatment

Our proposed framework is intended to inform research, diagnosis, and treatment of

AUD as well as other forms of psychopathology. We believe that our framework will
contribute to the further refinement and adaptation of the AARDoC, ANA, and NIDA PhAB
frameworks by providing an alternative approach that considers etiology in combination
with dimensional phenotypes, similar to systems such as HiITOP, RDoC, and PhAB.

The ETOH Framework provides a starting point for the consideration of dimensional,
transdiagnostic factors related to SUDs and psychopathology more broadly. Take, for
example, abnormal reward functioning and negative emotionality. Abnormal reward
functioning is implicated in AUD and other disorders (e.g., Major Depressive Disorder;
e.g., Forbes, 2009), so it likely serves as a transdiagnostic mechanism that underlies much
of psychopathology. Similarly, negative emotionality is implicated in most all forms of
psychopathology (Widiger & Oltmanns, 2017; cf., Stanton, 2020). Such transdiagnostic
mechanisms may be related to the significant comorbidity observed among AUD and other
diagnoses (Krueger & Eaton, 2015). As such, the ETOH Framework provides a useful
starting point for examining these factors within the context of SUDs and addiction more
broadly. Further, it incorporates etiology and dimensional phenotypes and extends RDoC’s
heightened focus on basic units of analysis to self-report and laboratory tasks (see Table 2).
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The ETOH Framework has the ability inform the shortcomings of existing

diagnostic approaches. By offering an evidence-based and theory-informed mechanistic
conceptualization, the ETOH Framework directly addresses issues within traditional
nosologies, including that they are characterized by unknown construct validity and fail

to systematically consider etiology (e.g., DSM-5, ICD-10/11). Practically, the ETOH
framework can be used as a guide for developing AUD criteria that more closely map on to
key mechanisms implicated in AUD and facilitate translation between human and nonhuman
models.

Further, the ETOH Framework has the ability to resolve some of the within-disorder
heterogeneity observed under traditional nosologic approaches by identifying higher

order domains that reflect associations among lower-order components. “Lumping” into
hierarchical domains based on shared mechanisms can help to reduce the number of

AUD symptoms needed to assess AUD and, thus, the possible combinations of AUD
symptoms. For example, Table 4 demonstrates how (a) prevailing AUD diagnostic criteria
(e.g., DSM-5, ICD-11, ICD-10) map on to multiple mechanisms and (b) some mechanisms
implicated in AUD are almost entirely overlooked by current criteria (e.g., those related to
punishment sensitivity). This table suggests that current diagnostic criteria may assess more
than one relevant etiologic mechanism while neglecting others. Additionally, some current
criteria (e.g., hazardous use) are likely etiologically heterogeneous reflecting conceptually
and clinically distinct mechanisms (e.g., low conscientiousness vs. compulsion). Thus, the
ETOH Framework can help to increase comprehensiveness while decreasing repetitiveness
and avoid conflating distinct mechanisms associated with etiologically heterogeneous
symptoms.

In addition, developing criteria that align with key mechanisms and organizing them

into hierarchical domains may also inform and help to standardize the algorithm used

to combine symptoms into a diagnosis. Currently, scoring algorithms vary widely based
on the diagnostic framework (e.g., 2/11 symptoms in DSM-5 AUD; 3/6 for ICD-10
alcohol dependence; see Table 4). When this framework is extended to other substances
or psychopathologies, it has the potential to clarify sources of comorbidity, which may be
due to shared etiologies, by identifying common components of disorders at the domain
or subdomain level. For example, consider a person diagnosed with AUD whose risk
profile includes a high degree of impulsivity deficits. They also meet diagnostic criteria
for antisocial personality disorder by virtue of a chronic, lifelong pattern of criminal
behavior. This person’s problems in life may be most parsimoniously explained by
broad, transdiagnostic externalizing psychopathology (or disinhibition) rather than alcohol
problems per se. Characterizing AUD and other conditions in terms of their components
allows us to clarify critical sources of comorbidity among putatively distinct conditions.
These more specific sources may be the best treatment targets moving forward.

Clinically, psychopathology could be assessed broadly at the domain-level. Those domains
with dysregulation would warrant more specific adaptive assessment to identify the specific
subdomains and components of dysregulation within that domain. Thus, a diagnosis would
consist of an individual’s dimensional profile of dysregulation which allows for the
consideration of multiple domains or mechanisms at once. In this way, the ETOH framework
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allows for the consideration of unique risk profiles while at the same time aiming to reduce
the heterogeneity at the diagnosis level by considering a smaller number of domains. Thus,
diagnostic heterogeneity is reduced by operating at the domain-level but not eliminated

in that individual profiles of risk can be clarified by finer-grained assessments of specific
subdomains or components.

Future research should consider where to draw the necessary cut-offs for clinical decision
making. For example, where is the diagnostic threshold for whether someone receives a
diagnosis of AUD or not? More specifically, how much dysregulation is required within a
given domain for it to be considered problematic? Such questions are especially important
given that the ETOH Framework emphasizes a dimensional conceptualization of constructs
whereby we consider the full range of the construct from normal to abnormal. Such
decisions could be made empirically through the use of quantitative approaches, including
factor analysis, item response theory models, and statistical optimization, to name a few.

Another relevant diagnostic issue is whether an individual’s drinking pattern needs to be
considered. Although the shift from consequences to mechanisms in defining AUD is in
many cases superior, there is the possibility that dysfunction in these domains exists even
in the absence of alcohol consumption. For example, one can experience dysfunction in
cognitive control and reward mechanisms but not be a current drinker. Thus, it might be
necessary to incorporate information on consumption into an AUD diagnosis based on this
framework.

The identification of a specific diagnostic profile would have clear indications for treatment.
For example, the identification of higher levels of dysregulation (e.g., response inhibition

at the subdomain level) could be addressed with interventions focused on treating general,
transdiagnostic dysregulation (e.g., through mindfulness-based interventions) or alcohol-
specific dysregulation (e.g., with drink refusal skills). Further, based on the superdomains,
domains, and subdomains of dysregulation identified, subpopulations most likely to respond
to a given treatment or medication could be identified, which may increase the treatment’s
effectiveness (Kwako et al., 2017). Relatedly, certain mechanistic domains may serve

as useful experimental targets in medication development (Ray et al., 2020). As such,

the ETOH Framework is consistent with precision medicine approaches as it would

allow certain identification of dysregulation at various levels of the hierarchy to be
specifically targeted. Table 5 reflects a preliminary identification of treatments that may
effectively target the subdomains within this framework. Although our framework does

not focus significantly on psychopathology-general (i.e., transdiagnostic) mechanisms, we
acknowledge that several of the components described throughout are indeed transdiagnostic
(e.g., reward sensitivity, negative emotionality) and are therefore potentially useful targets
for addressing psychopathology broadly construed. Future research could focus on more
explicitly classifying the superdomains within the given framework based on their shared
patterns of impairment with other forms of psychopathology and identifying or developing
treatments that directly target each of the identified superdomains, domains, subdomains, or
components with the most dysfunction.
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Limitations and Future Directions

Although the systematic review of reviews approach provides a more methodical way of
considering literature on a given topic when compared to techniques such as the narrative
review, there still remain several limitations. Most notably, the synthesis of findings in a
systematic review of reviews is still largely subjective in nature. This methodology can
introduce a level of imprecision when compared to an approach such as meta-analysis
which, arguably, may be viewed as more objective. Further, due to this subjectivity, such
syntheses may therefore be vulnerable to various biases held by the authors. The use of
different decision rules throughout the systematic review of reviews process may also result
in dissimilar conclusions. To combat this potential for bias, we have attempted to be fully
transparent in our search strategies, decision making, and “researcher degrees of freedom”
within the main text as well as by providing our codebook online (https://osf.io/xz83s/).
Despite these limitations, it is our opinion that the systematic review of reviews method
still provides a useful methodology for characterizing the literature on a broad topic area
and synthesizing information in a way that offers a valuable starting point for answering
additional questions in future research. This is not to say that the framework would not
benefit from more targeted meta-analytic work that aims to clarify some of the specific
relationships between a given mechanism and AUD moving forward.

One limitation of the ETOH framework, as well as other classification frameworks, is that
it fails to fully account for overlap between domains. Although the RDoC website (NIMH,
2020) describes RDoC-informed research as being guided by the principle of assuming
“interactions among constructs,” the research on this topic is essentially nonexistent at

this point in time, making it unclear how to best account for such interactions. Relatedly,
the superdomains, domains, and subdomains delineated here may be neither conceptually
nor empirically distinct in practice, bringing up the historical problem of how to best
“carve nature at its joints” and suggests there may be value in the combined consideration
of multiple domains/components and their overlap. A related issue to consider is that
certain superdomains (e.g., negative emotionality, cognitive control/executive function) may
interact to predict alcohol consumption and disorder (Witkiewitz et al., 2019). Indeed, some
research (e.g., Jentsch & Taylor, 1999) has demonstrated that as incentive habit increases,
executive function decreases, suggesting an important interplay among at least some of the
mechanisms within the current framework.

The issue around carving nature at its joints requires consideration of another common
problem in psychopathology research: “jingle” and “jangle” fallacies (Block, 1995). The
jingle fallacy refers to the phenomenon whereby two different constructs are given the same
label, whereas the jangle fallacy refers to the same construct being given different names.
These fallacies are common in psychopathology research and, unfortunately, thwart progress
towards cumulative knowledge. Any useful framework, especially one that is translational in
nature, must be careful to consider such fallacies. We must continue to cautiously consider
what qualifies as a relevant construct within the current framework (e.g., whether negative
emotionality and negative valence are indeed distinct), as well as the minimum qualifications
for including a given construct, both of which remains to be fully resolved. Additionally, we
must aim to refine language for basic and clinical phenotypes such that translational research
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can be more easily facilitated (see Ray et al., 2020 for a review). Despite these limitations
and remaining questions, we are confident that this framework provides an evidence-based
etiologic framework for AUD that is informed by the extant literature and serves as a
necessary starting point for further clarifying these remaining issues, especially empirically.

A major challenge for this framework is related to the measurement and assessment of

the domains described, particularly given the wide range of constructs and mechanisms
included. A multimodal assessment approach (i.e., the use of multiple assessments that
comprise different modalities such as self-report or behavioral tasks) — such as that
commonly recommended in attention-deficit/hyperactivity disorder evaluations (Ferguson,
2000) — may prove useful. Multimodal assessment would allow the flexibility required for
measuring a wide range of constructs, which is vital considering some constructs (e.g.,
discounting, extinction, self-awareness) that are not easily or most accurately measured
solely by self-report assessments. However, this approach leads to several practical issues
such as how to integrate information from multiple measures, how to deal with method
variance (Lilienfeld & Treadway, 2016), and how to design an assessment battery that is
reliable, valid, efficient, and appropriate for its intended use (e.g., research versus clinical
use). In contrast to this approach, emerging work suggests that the AARDoC domains —
specifically the negative emotionality domain — can be validated solely on the basis of self-
report (among individuals seeking treatment for AUD; e.g., Votaw et al., 2020). Such issues
are imperative to consider and resolve before this framework can be used appropriately.

Future work should more explicitly and systematically consider how these AUD
mechanisms are related to the stages of addiction. That is, are some mechanisms more
relevant as premorbid risk factors (i.e., vulnerability) or as consequences of use (i.e., chronic
adaptation)? For example, some superdomains (e.g., negative emotionality) may become
increasingly relevant at later stages of addiction (e.g., withdrawal) than others. In fact,
experts have explicitly acknowledged the relevance of each mechanism at different stages as
an important issue to consider among the conceptualization of addiction (Ycel et al., 2019).
Further consideration of staging would result in a more comprehensive framework of AUD
as a chronic, progressive disorder. Better understanding staging would also, in theory, allow
identification of dysregulation in these mechanisms by their stage which could inform the
level of prevention that is indicated (i.e., primary, secondary, or tertiary; Leavell & Clark,
1958). Staging is an approach that is becoming increasingly recommended in psychiatry
(Maj, 2020) and is consistent with general medicine’s use of staging models for physical
disorders such as cancer and diabetes (e.g., Scott et al., 2013). It relies on the assumption
that stage-appropriate treatment can modify disease progression, an assumption that is
tenable as AUD mechanisms and phenotypes become better understood. Interestingly, this
consideration has been largely neglected within mechanistic frameworks of psychopathology
to date. Clearly, though, there is utility in continuing to consider the stages of addiction
within this developing framework.

A particular challenge is the interconnections across domains. For example, despite being
conceptually distinct, incentive salience appears to be related to impulsive action more
generally, at least in non-human animals (e.g., Lovic et al., 2011). Thus, there can be
correlations between distinct mechanisms that make identification of critical mechanisms
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more complex. Such correlations highlight the importance of studying these different
domains together so as not to misidentify a critical mechanism. It also highlights the
preceding issue of staging in that we need to think of cross-domain progression that reflects
the possibility of shared underlying or transactional processes.

Another major challenge related to staging is the fact that the domains outlined here can,

in many cases, be premorbid andacquired as a result of chronic adaptation. This challenge
raises important issues related to diagnostic thresholds and treatment goals. First, regarding
diagnostic thresholds, it is quite possible one’s standing on the dimension (e.g., level of

the trait) could be just below the diagnostic threshold prior to drinking initiation (i.e.,
premorbid). Thus, as consumption continues, they are quickly “pushed over” the diagnostic
threshold within that superdomain (e.g., cognitive control). In contrast, one could have
very little impairment prior to initiation, and then quickly exceed the diagnostic threshold
with chronic consumption (i.e., acquired). Thus, these individuals’ “baseline” levels of
impairment are very different, but both would exceed the diagnostic threshold. Such a
difference may or may not be clinically meaningful, but it is worth further considering

how some mechanisms may vary in the degree to which they are premorbid or acquired
across individuals. We must then consider additional questions related to treatment goals
and targets. For example, should the goal be to resolve the impairment to baseline levels, or
to just below the diagnostic threshold? It will be necessary to consider these issues as the
ETOH Framework (and other related frameworks) continue to develop.

We look forward to additional research focused on extending the ETOH Framework to other
substances and addiction. This additional work is especially important given the high rate

of polysubstance use in the general population (e.g., Connor et al., 2014) and the increasing
need to account for polysubstance use in SUD research (Rounsaville et al., 2003). Although
we would not expect the framework’s main superdomains to change significantly, additional
domains, subdomains, or components may be elucidated by incorporating the consideration
of other substances and polysubstance use.

Future research should also aim to resolve known limitations of translational work within
the field of addiction. For example, translational approaches may be inherently limited in
that some aspects of AUD, and SUDs more generally, may be uniquely human (e.g., craving,
failed attempts to quit or control use) and, therefore, difficult to translate from, and model in,
nonhuman animals (e.g., Bickel et al., 2019). This limitation highlights the known problem
that human phenotypes have yet to reach consilience with non-human animal models and
suggests a clear area in need of more research.

In addition, further work must prioritize consideration of how each ETOH mechanism
contributes to AUD, and if they do so equally, across individuals of diverse backgrounds
and environments. That is, are all mechanisms equally implicated in AUD across people?
Although literature in this area is lacking, we anticipate the answer to this question is “no.”

It is likely that the strength of the relationship between a given ETOH mechanism and
AUD varies based on attributes of individuals such as sociodemographic factors (e.g., sex,
gender, race, ethnicity, socioeconomic status). For instance, subjective response to alcohol
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and craving, well-known predictors of AUD, may be influenced by endogenous factors such
as ovarian hormones (see McHugh et al., 2018 for a review). Further, there is evidence for
sex and gender differences in stress and negative affect responses such that women tend

to have higher temperamental negative emotionality. Thus, the link between negative affect
and AUD may be heightened among females compared to males, especially since they may
be more likely to experience stressful life events (Allan & Cooke, 1985; Brady & Sonne,
1999; see Guinle & Sinah, 2020 for a review). Ultimately, the relationship between specific
ETOH mechanisms and AUD may be moderated by sex and gender. Indeed, some work
supports the notion that there may be stronger associations between the risk factors that
women experience and problematic alcohol outcomes when compared to men (see Foster
et al., 2015 for a discussion of mean versus structural gender effects in the etiology of
AUD). In addition, associations between stressful events and SUDs vary for both men and
women as a function of sexual orientation, such that gay and bisexual men and all sexual
minority subgroups of women report higher rates of SUD than do heterosexual individuals.
Consistent with the potential that sociodemographic factors may moderate the relations
between ETOH mechanisms and AUD, the relations between sexual minority status and
SUDs appear further mediated by stressful life events and perceived discrimination (e.g.,
Krueger et al., 2020).

Ultimately, the role of sociodemographics in the associations between ETOH mechanisms
and AUD is complex but critical to consider given that holding a marginalized identity

or identities is likely associated with disparities in SUD diagnosis and treatment. Future
research must systematically recognize and explore how mechanisms may be differentially
implicated in AUD on the basis of sociodemographic factors. A shift towards mechanistic
conceptualizations of AUD will appears promising for reducing bias compared with
dominant consequence- or problem-based conceptualizations of AUD (e.g., Zapolski et al.,
2014).

The next logical step in the development of this framework is to begin empirically testing
the conceptual model (consistent with the movement towards quantitative nosology; see
Hopwood et al., 2019). This type of testing is likely to be best achieved through a
combination of laboratory-based tasks and self-report, amenable to a multimodal assessment
approach and multitrait-multimethod validation approaches (Campbell & Fiske, 1959). Such
an evaluation will help elucidate the areas in need of further development and refinement
and aid in decision making regarding important features such as statistically derived cutoff
scores. This work may also serve as an important starting point for the creation of a

flexible diagnostic measure informed by fundamental mechanisms which can be used to

aid in making subsequent treatment decisions. Such a diagnostic measure could start by
assessing higher levels of the framework (i.e., superdomain-level dysfunction) and progress
to more focused assessments based on this information (see Hopwood et al., 2019 for an
example using the HITOP hierarchy and suggestions on integrating such a system into
psychotherapy).
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This is the first systematic research synthesis to integrate the AUD literature into

an etiologic, theory-based, ontogenetic hierarchical framework. The resulting ETOH
Framework addresses challenges with traditional nosologic systems and more recent
dimensional models of AUD by integrating etiologic mechanisms into a comprehensive
framework that prioritizes construct validity and directly considers (a) how mechanisms may
be relevant at different stages of the addiction cycle (e.g., premorbid versus acquired) and
(b) which mechanisms may be alcohol-specific or substance-general. Importantly, it also
extends the AARDoC/ANA model to include negative valence and compulsivity, as well

as the moderators of opponent process and self-awareness. The ETOH Framework serves

as an important starting place for reducing phenotypic heterogeneity and comorbidity with
other forms of psychopathology by lumping related mechanisms into higher order domains
which can be used to inform diagnosis (e.g., criteria and algorithms for combining them,
differential diagnosis), assessment (e.g., adaptive testing based domains of dysregulation),
and treatment of AUD (e.g., treatment matching based on profiles of dysfunction and stage).
It is our hope that this framework will continue to be modified on an ongoing basis as the
literature progresses rather than serve as a static model.
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Public Significance Statement:

Alcohol use disorder is a significant public health problem and there is a need

for improving the identification and treatment of individuals with the disorder. The
current review aims to identify the casual factors implicated in alcohol use disorder by
synthesizing key findings into a comprehensive etiologic framework. This framework
serves as a starting point for additional research and offers several implications for the
diagnosis and treatment of alcohol use disorder.
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Figure 2.
The Etiologic, Theory-Based, Ontogenetic Hierarchical Framework for Alcohol Use

Disorder Diagnosis

Note. This figure depicts a visual of the ETOH Framework derived as a result of a
systematic review of reviews on alcohol use disorder etiology. It is intended to be iterative in
nature and is, therefore, subject to updates as the literature develops further. The dashed lines
indicate possible cross-loadings between domains. In some cases, components incorporate
fine-grained facets that are described in text.
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Table 5

Page 88

Relevant Interventions for Targeting Alcohol Use Disorder Mechanisms at the Sub-Domain Level

Superdomain

Subdomain

| nterventions

Transdiagnostic

Alcohol-Specific

Cognitive Control

Conscientiousness

Episodic future thinking
Functional analysis (DBT)

Cognitive Remediation Therapy

Episodic future thinking
Behavioral self-control training

Self-management planning (CBT for
AUD)

Response Inhibition

Mindfulness-based intervention

Functional analysis (DBT)

Mindfulness-based addiction treatment

Drink refusal skills

Compulsive Use

Mindfulness-based intervention

Motivational Enhancement Training

Acamprosate

Exposure and response prevention

Reward

Negative Valence & Emotionality

Habit

Mindfulness-based intervention

Exposure-based interventions

Mindfulness-based addiction treatment

Positive Expectancies

Cognitive restructuring (CBT)

Cognitive bias modification training

Cognitive restructuring (CBT for AUD)
Cognitive bias modification training

Contingency management

Reward Sensitivity

Mindfulness-based intervention

Naltrexone

Positive Emotionality

Cognitive restructuring (CBT)

Substance Free Activity Session

Alternatives to drinking (CBT for
AUD)

Incentive Salience

Cue exposure
Attentional bias modification training

Mindfulness-based intervention

Naltrexone
Attentional bias modification training

Mindfulness-based addiction treatment

Reward Discounting

Contingency management

Community Reinforcement Approach

Negative Emotionality

Cognitive restructuring (CBT)
Unified Protocol

Emotion regulation skills (DBT)

Cognitive restructuring (CBT for AUD)

Mindfulness-based relapse prevention

Coping

Coping skills training
Distress tolerance skills (DBT)

Emotion regulation skills (DBT)

Relapse prevention

Acamprosate

Punishment Sensitivity

Disulfiram

Aversive conditioning (emetic and
covert sensitization)

Negative Expectancies

Cognitive restructuring (CBT)

Cognitive bias modification training

Cognitive restructuring (CBT for AUD)
Cognitive bias modification training

Contingency management

Psychol Bull. Author manuscript; available in PMC 2022 March 15.
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Note. This table is only intended to serve as an example and is not an exhaustive list of interventions. Interventions within a given domain are also
likely to be effective across the sub-domains as well. This table is intended to elucidate mechanistic targets and are not necessarily representative
of the latest evidence of efficacy for any given treatment. Mindfulness-based addiction treatment can include mindfulness-based relapse prevention.
AUD = alcohol use disorder; CBT = cognitive behavioral therapy; DBT = dialectical behavior therapy

Psychol Bull. Author manuscript; available in PMC 2022 March 15.
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