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Abstract

Precision medicine has been advanced as a potential solution to the problem of alcohol use
disorder heterogeneity and modest alcohol use disorder treatment efficacy. The success of
precision medicine lies in our ability to first identify the etiologic and maintenance mechanisms

at play for a given person and then choose the treatment that is most likely to address such
mechanisms. There exist several frameworks that describe empirically supported substance use
disorder etiologic and maintenance mechanisms (e.g., the Etiologic, Theory-based, Ontogenetic,
Hierarchical [ETOH] Framework). There also exists a large literature on mechanisms of behavior
change in alcohol use disorder treatment. However, the mechanism of behavior change literature
on alcohol use disorder treatments has focused broadly on mechanisms of change rather than

more specifically on core alcohol use disorder etiologic and maintenance mechanisms. Thus, the
two types of mechanisms have never been integrated or systematically evaluated for their overlap.
As such, the aim of the current brief review is to demonstrate how commonly used alcohol use
disorder treatments may overlap with and directly target certain alcohol use disorder etiologic and
maintenance mechanisms (specifically those described by the ETOH Framework). We delineate
empirically plausible overlapping mechanisms and theoretically plausible overlapping mechanisms
that warrant more research. Last, based on the identification of empirically and theoretically
plausible overlapping mechanisms, we elaborate on how ongoing work related to alcohol use
disorder precision medicine may test specific hypotheses regarding which treatments work best for
whom.
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Approximately 14.8 million United States citizens aged 12 and older met criteria for alcohol
use disorder (AUD) in 2018 (Lipari & Park-Lee, 2019). Despite the prevalence of AUD,
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treatments demonstrate only modest efficacy (Witkiewitz, Litten, et al., 2019). This is likely
a result of the profound heterogeneity of AUD. There are 2,048 possible combinations of the
11 DSM-5 criteria that are sufficient for an AUD diagnosis (i.e., two or more criteria) (Lane
& Sher, 2015), such that two individuals could receive an AUD diagnosis despite having

no or few overlapping symptoms. Further, those diagnosed with AUD exhibit considerable
heterogeneity in terms of clinical presentation, alcohol use patterns, risk profiles, alcohol-
related consequences, and patterns of comorbid psychopathology (Litten et al., 2015). Thus,
just because individuals meet the same AUD criteria does not necessarily mean their AUD
was caused or has been maintained by the same mechanisms or processes (Boness et al.,
2021). Consequently, a “one size fits all” approach to AUD treatment may not be effective.

Precision medicine has been advanced as a potential solution to the problem of
heterogeneity (Litten et al., 2012). Precision medicine is an approach that aims to match
treatments to an individual’s unique profile of mechanistic dysfunction — or the failure of
some process to perform a biologically designed function (Wakefield, 1992) — with the goal
of improving treatment outcomes. In the service of precision medicine for substance use
disorders, several frameworks have been developed with the aim of identifying etiologic
mechanisms (i.e., how substance use disorders develop) and maintenance mechanisms

(i.e., how substance use disorders are maintained across time) and clarifying sources of
heterogeneity. For example, the Etiologic, Theory-based, Ontogenetic, Hierarchical (ETOH)
Framework (Boness et al., 2021), which was developed from a systematic review of

the AUD literature, integrates theoretical and empirical AUD etiologic and maintenance
mechanisms into a dimensional and hierarchical framework (see Figure 1). The ETOH
articulates 13 subdomains encompassing dimensional mechanisms, which include a range of
processes that lead to the development or sustainment of alcohol use and AUD, including
those processes that are psychological and cognitive in nature. The 13 subdomains fall into
the broader domains of reward, cognitive control, and negative valence and emotionality.
The mechanistic subdomains describe dimensional processes that cause or maintain AUD
(see Appendix A for a glossary of ETOH terms). Although the ETOH structural model still
requires empirical validation, it provides a useful framework for conceptualizing the key
etiologic and maintenance mechanisms implicated in AUD. If a given person’s profile of
functioning can be characterized using the ETOH Framework mechanisms, treatments that
best address such mechanisms can be recommended. Thus, identifying the etiologic and
maintenance mechanisms at play in AUD for a given person, or set of people, is vital for
successful precision medicine efforts.

A key component of precision medicine is choosing the right treatment for a given person.
Part of treatment selection in this effort requires an understanding of the mechanisms of
behavior change for a particular treatment. Mechanisms of behavior change describe a
process that occurs within a person, or a specific behavior a person engages in, that is
associated with a subsequent change in the outcome of interest (e.g., alcohol use; Magill
et al., 2015). Said differently, mechanisms of behavior change are those psychological,
social, or neurophysiologic processes, that drive or cause changes in behavior — often in
the context of specific therapeutic components or environmental factors (Kazdin, 2007;
Kazdin & Nock, 2003; Magill et al., 2015). This stands in comparison to etiologic and
maintenance mechanisms of AUD which are processes or behaviors that lead to AUD’s
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development or sustainment. However, it is important to point out that in many cases
mechanisms of behavior change for AUD treatments are still not fully understood and efforts
to clarify mechanisms of behavior change for several AUD treatments are still ongoing
(Magill et al., 2020; McCrady, 2017). Further, testing for mechanisms of behavior change
is not as simple as testing for statistical mediation, which is a necessary but not sufficient
condition for a mechanism of behavior change.l Mechanisms of behavior change must also
demonstrate (a) strong associations; (b) specificity; (c) a gradient (i.e., dose response); (d)
temporal relations; (e) consistency, or replication, of associations; (f) experimental control
of the independent variable; and (g) plausibility and coherence of proposed mechanism(s)
(Hill, 1965; Kazdin, 2007; Kazdin & Nock, 2003; Longabaugh et al., 2013; Longabaugh

& Magill, 2011; Nock, 2007). Given efforts to identify mechanisms of behavior change in
AUD treatments is ongoing, it is imperative to identify mechanisms of behavior change that
can be empirically tested according to these criteria and'to prioritize treatments that evoke
the mechanisms of behavior change that may be most beneficial in improving outcomes for
those with AUD and related problems.

This brief review will focus on the overlap between etiologic and maintenance mechanisms
in AUDZ and mechanisms of behavior change in AUD treatments, to inform AUD precision
medicine. In the sections that follow, we describe common AUD treatments with a particular
focus on their specific mechanisms of behavior change and how these likely overlap with
common AUD etiologic and maintenance mechanisms, using the ETOH Framework as a
guide. Examining the overlap between mechanisms of behavior change in AUD treatments
and AUD etiologic and maintenance mechanisms using an empirically informed framework,
such as ETOH, is key because most research on mechanisms of behavior change to date has
focused broadly on mechanisms of change rather than more specifically on AUD etiologic
and maintenance mechanisms (McCrady, 2017). As such, the aim of the current review is

to demonstrate how commonly used AUD treatments’ mechanisms of behavior change may
directly impact certain AUD etiologic and maintenance mechanisms and, thus, how ongoing
work related to AUD precision medicine may test specific hypotheses regarding which
treatments work best for whom (see Figure 2)3. Although we aim to highlight the etiologic,
maintenance, and behavior change mechanisms implicated in AUD and AUD treatments
with robust empirical support (per the previously described criteria on what constitutes

a mechanism), we also call attention to a) empirically plausible mechanisms (e.g.,
mechanisms supported in mediation models), and b) theoretically plausible mechanisms
that warrant more research (with “a” and “b” indicated as hypothesized mechanisms [H] in
Table 1). We conclude with a discussion of practical implications and next steps for the field
in the pursuit of precision medicine efforts for AUD. This brief review was not preregistered.

lAssuming mediators are akin to mechanisms is an often made mistake in the literature (Huebner & Tonigan, 2007; Longabaugh &
Magill, 2011; Witkiewitz et al., 2022).

Although we focus on AUD specifically, many of these mechanisms are also implicated in other substance use disorders.

There may be mechanisms of behavior change through which AUD treatments work that are not in the ETOH model (e.g.,
self-efficacy, motivation to change) and these are not included in the current discussion. For those readers interested in a more general
overview of mechanisms of behavior change in substance use disorder treatments we refer them to Witkiewitz and colleagues (2022).
Further, it is important to acknowledge that treatments intended to address other forms of psychopathology may also be relevant and
useful for targeting specific etiologic and maintenance mechanisms in AUD. However, this is not the focus of the current review.
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Cognitive Behavioral Therapy for AUD

Cogpnitive behavioral therapy (CBT), a psychosocial treatment premised on learning
principles, has been classified as an efficacious, evidence-based treatment for AUD
(Boness et al., 2022; Magill et al., 2019). CBT aims to reduce symptoms and improve
functioning through targeting behavioral and cognitive processes that underlie or contribute
to psychological disorders. CBT for AUD, and substance use disorders more broadly, frames
the use of alcohol as a behavior that can be both positively and negatively reinforced

and is influenced by social and other environmental contexts. CBT for AUD therefore
focuses on intervening upon these processes through increasing awareness of antecedents
and consequences of use, building skills that address internal or external antecedents, and
leveraging behavior change principles to reduce or eliminate alcohol use (Carroll & Kiluk,
2017; McHugh et al., 2010).

The CBT mechanism of behavior change with the most support that also overlaps with

AUD etiologic and maintenance mechanisms, per the ETOH framework, includes improved
coping skills (negative valence & emotionality: coping in Table 1; Kiluk, 2019; Kiluk et

al., 2010; Roos et al., 2020). However, it’s important to note that there has been some

mixed evidence in support of coping skills as a mechanism of behavior change in CBT
(Longabaugh & Magill, 2011; Magill et al., 2020; Morgenstern & Longabaugh, 2000) which
may be partially due to the quality and breadth of coping skills in a given study (Kiluk et al.,
2010; Witkiewitz et al., 2018). Decreased craving (reward: incentive salience) also appears
promising as mechanisms of behavior change in CBT for AUD but requires more empirical
support (Magill et al., 2015).

Based on the core processes of CBT for AUD, including identifying antecedents to use
through approaches such as functional analysis, skills training focused on developing
alternative cognitive interpretations and behavioral responses to alcohol use, and tools to
address craving, drink-refusal, affect regulation, and social skills, we also propose that CBT
for AUD’s mechanisms of behavior change may overlap with several AUD etiologic and
maintenance mechanisms. Table 1 provides an overview of mechanisms of behavior change
in CBT for AUD and overlapping ETOH AUD etiologic and maintenance mechanisms.

For example, coping skills would be encompassed by the ETOH negative valence and
emotionality domain which includes coping, and specifically problem- and emotion-focused
coping. Thus, for an individual with AUD whose profile is characterized by challenges in
coping, CBT for AUD may lead to better outcomes for that person when compared to a
treatment that does not target coping (Roos, Maisto, et al., 2017; Roos & Witkiewitz, 2016).
Still, more research is required to empirically evaluate these mechanisms before conclusive
statements can be made.

Mindfulness-Based Addiction Treatments

Mindfulness-based addiction treatments, encompassed more generally by mindfulness-
based interventions, include treatments such as mindfulness-based relapse prevention
(Witkiewitz et al., 2005) and mindfulness-oriented recovery enhancement (Garland et al.,
2016). Mindfulness-based interventions and mindfulness-based addiction treatments engage

EXxp Clin Psychopharmacol. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boness and Witkiewitz Page 5

current psychological treatment approaches alongside Buddhist traditions and training in
mindfulness meditation practices (Witkiewitz et al., 2014). The practice of mindfulness
meditation is a focused, purposeful, and non-judgmental attention to oneself, including
thoughts and behavioral urges (Korecki et al., 2020; Witkiewitz et al., 2014). Mindfulness
thus often involves processes similar to those engaged by other psychological treatment
modalities to improve self-regulation such as evaluating how thoughts are related to cravings
and alcohol use, reframing experiences with acceptance, and observing and learning to
tolerate discomfort (Witkiewitz et al., 2014). These interventions have demonstrated efficacy
in the treatment of AUD (Korecki et al., 2020).

Research on mechanisms of change in mindfulness-based interventions is still very much
developing and replicable mechanisms have yet to be identified. The major proposed
mechanisms of behavior change in mindfulness-based addiction treatments that a) overlap
with AUD etiologic and maintenance mechanisms and b) are supported through statistical
mediation include processes that cut across all three ETOH superdomains. As shown

in Table 1, mechanisms of decreased automaticity (reward: habit) and impulsivity (e.g.,
decreased urgency), and improved planning and perseverance (cognitive control: response
inhibition, conscientiousness) may occur through improvements in awareness (Korecki et
al., 2020; Witkiewitz et al., 2014). Further, decreased craving and cue reactivity (Korecki

et al., 2020; Witkiewitz et al., 2013; reward: incentive salience), reductions in reactivity
(Brewer et al., 2019; Davis et al., 2018; negative valence & emotionality: trait negative
emotionality), and improved emotion- and problem-focused coping (negative valence &
emotionality: coping), may potentially occur through reductions in avoidance (Bowen et al.,
2006; Garland et al., 2010; Witkiewitz et al., 2014). Based on mediation models suggesting
that mindfulness-based addiction treatments likely improve components of cognitive control
(Holzel et al., 2011), we also propose reduced delay and probability discounting (reward:
reward discounting), increased ability to abstain (cognitive control: compulsive use), and
decreased loss of control (reward: response inhibition) as potential mechanisms of behavior
change that may be especially important given their role in AUD etiology and maintenance.

Contingency Management

Contingency management is a behavioral treatment that engages operant learning principles,
specifically reinforcement and punishment, in the treatment of AUD and other substance use
disorders as a way to encourage positive behavior change (e.g., moderation or abstinence)
(Higgins & Petry, 1999). In practice, when patients engage in the target behavior, they

are provided with rewards, such as prizes or vouchers that can be exchanged for money,
goods, or services. When the target behavior is not met, or the patient engages in the
undesired behavior, the reward is withheld. Target behaviors may include moderation

or abstinence (which may be verified with lab tests), treatment attendance, engaging in
activities consistent with treatment goals, or taking medication as prescribed (Petry, 2000).
This type of reinforcement is thought to increase the response cost of the target behavior and
the availability of other alternatives to the target behavior (Murphy et al., 2021). Although
contingency management has been the most widely used and evaluated in the treatment of
drug use (Pfund et al., 2021; Pfund et al., 2022), contingency management is also efficacious
in reducing alcohol use (Barnett et al., 2011; Higgins & Petry, 1999; Petry et al., 2000).
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Other than operant learning, additional mechanisms of behavior change in contingency
management are largely unknown and the few studies that do aim to examine mechanisms
have focused primarily on drugs other than alcohol (see Witkiewitz et al., 2022 for

an overview). One additional plausible mechanism of behavior change in contingency
management is discounting, including delay and probability discounting (reward: reward
discounting in Table 1). Contingency management’s focus on reinforcing alternative
behaviors to substance use may directly address steep delay and probability discounting

by reducing the reinforcing value of alcohol (with respect to immediacy and certainty,
especially) and increasing enjoyment of future-oriented, positive alternatives to alcohol
use, even if less immediate or certain (Murphy et al., 2021; Stanger et al., 2013). Thus,
modification of delay and probability discounting are proposed as potential mechanisms
of behavior change in contingency management, but these require more research (Stanger
etal., 2013). Finally, as a result of ongoing monitoring of behavior and modification

of choices related to substance use, contingency management may also lead to change

in substance use through reduced automaticity (reward: habit) and urgency (cognitive
control: response inhibition), improvements in planning and perseverance (cognitive control:
conscientiousness) and coping (negative valence & emotionality: coping), enhanced ability
to abstain from alcohol use (cognitive control: compulsive use), and increased negative
expectancies (negative valence & emotionality: negative expectancies) related to use.

Motivational Interviewing

Motivational interviewing (M) is a brief, directive, and patient-centered approach intended
to engage people in conversations about change. Research generally finds that Ml is
effective in the treatment of heavy or harmful substance use for adolescents and adults
across a variety of treatment settings (Barnett et al., 2012; Jensen et al., 2011; VanBuskirk
& Wetherell, 2014), but effect sizes vary and therapist characteristics can have large effects
(Miller & Moyers, 2015). MI has several core components that are thought to be important
to behavior change. These include the “spirit” and specific skills and processes which are
engaged to help move people towards change. The “spirit” is the relational component

and is characterized by partnership, acceptance, compassion, and evocation of the patient’s
experiences and perspectives. The specific skills, or technical component of MI, include
open-ended questions, affirmations, reflections, and summaries. The four possible processes
engaged during MI, include engaging the patient, focusing the conversation, evoking a
person’s motivations and arguments in favor of change, and planning for change (e.g.,
creating a change plan and anticipating obstacles to change; Miller & Rollnick, 2013).

MI has been often studied in the mechanisms of behavior change research literature. There
is evidence for therapist-guided changes of in-session patient language (e.g., using language
that upholds the status quo [“sustain talk] versus language focused on behavior change
[“change talk™]) and therapist relational skills as hypothesized mechanisms of behavior
change, but these do not map onto established AUD etiologic or maintenance mechanisms
(Hartzler et al., 2011; Longabaugh et al., 2013; Magill et al., 2019; Magill & Hallgren,
2019; Maisto et al., 2015; Villarosa-Hurlocker et al., 2019).4 Despite this, we have several
hypotheses about which mechanisms of behavior change in MI might overlap with AUD
etiologic and maintenance mechanisms. As described by Ladd and colleagues (2021), Ml

EXxp Clin Psychopharmacol. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boness and Witkiewitz

Page 7

may target delay and probability discounting (reward: reward discounting in Table 1) by
guiding patients to consider the costs and benefits of drinking and whether the choice to
drink is aligned with their long term goals. M1 may also help patients consider whether
their behaviors are consistent with their values, which may help patients choose substance-
free alternatives, even if delayed or uncertain. Like other treatments described here,

these features of MI may serve to improve self-awareness. Additionally, Ml may modify
mechanisms such as positive (reward: positive expectancies) and negative expectancies
(negative valence & emotionality: negative expectancies), automaticity (reward: habit),
inability to abstain (cognitive control: compulsive use), lack of planning (cognitive control:
conscientiousness), and lack of perseverance (cognitive control: conscientiousness). M,
although frequently evaluated in isolation for the purposes of clinical trials, is often
combined with other therapeutic modalities including those previously discussed. In such
instances, M1 may be used as a tool to engage the patient in a collaborative discussion

and increase their readiness to change prior to engaging in another intervention such as
medication or behavioral interventions (Bien et al., 1993; Douaihy et al., 2014; Miller,
2004). When Ml is joined with other skills and intervention targets, it may cover a broader
range of AUD etiologic and maintenance mechanisms.

Pharmacological Treatments

The primary Food and Drug Administration approved pharmacological treatments for
alcohol use and AUD are disulfiram, naltrexone (injectable and oral formulations), and
acamprosate (Litten et al., 2005; Ray et al., 2019).° Disulfiram (Antabuse) impacts the
metabolism of alcohol and results in a buildup of acetaldehyde, causing a rapid onset of
symptoms such as flushing, nausea, and heart palpitations when one consumes alcohol.
Although generally considered effective in supporting abstinence among those who are
highly motivated to abstain or who are supported in abstinence, disulfiram is less often
prescribed given its potentially serious side effects coupled with data to suggest that the
best outcomes require supervised administration, the goal of abstinence, and high adherence
(Allen & Litten, 1992; Seneviratne & Johnson, 2015; Skinner et al., 2014). Disulfiram
results in associative pairing of alcohol use and adverse reactions likely engages operant
learning processes, potentially impacting the several AUD etiologic and maintenance
mechanisms. For example, disulfiram may decrease positive (reward: positive expectancies)
and increase negative expectancies (negative valence & emotionality: negative expectancies)
about use as well as impact the likelihood or strength of enhancement motivations (reward:
positive emotionality).

Naltrexone is an antagonist that works by inhibiting mu-opioid receptors. When a person
drinks alcohol while taking naltrexone, they do not experience (or experience less) positive
effects from alcohol, making alcohol less rewarding and thus resulting in decreases in
drinking (Maisel et al., 2013). In general, naltrexone is more efficacious in reducing

4There may be some additional mechanisms of change in M that are especially relevant to underage young adult heavy drinkers

agill et al., 2017), but such mechanisms are not implicated in the etiology or maintenance of AUD per the ETOH Framework.

M
E"Although there exist other medications that are used specifically to treat alcohol withdrawal or are used off-label to treat AUD (e.g.,
ondansetron, topiramate), we do not cover those here due to the scope of our brief review (see Witkiewitz et al., 2022, Ray et al. 2019,
and Akbar et al., 2018 for discussions).
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heavy drinking than promoting abstinence when compared to placebo, but effect sizes vary
considerably (Del Re et al., 2013; Feinn & Kranzler, 2005; Litten et al., 2005; Maisel et al.,
2013; Witkiewitz, Litten, et al., 2019). The proposed mechanisms of change for naltrexone
that overlap with AUD etiologic and maintenance mechanisms include incentive salience/
craving (reward: incentive salience), positive (reward: positive expectancies) and negative
expectancies (negative valence & emotionality: negative expectancies), and enhancement
motivations (reward: positive emotionality). Indeed, naltrexone reduces craving (Maisel et
al., 2013), potentially by decreasing cue reactivity via extinction (Ooteman et al., 2007;
Sinclair, 2001). Craving has also been a well-studied mechanism through which naltrexone
works to reduce alcohol use. Additional research shows that naltrexone may be more
effective for those who drink alcohol for the rewarding effects (and less so for relief of
negative affect) (Votaw et al., 2022; Witkiewitz, Roos, et al., 2019). Although this work
suggests reward drinking is a moderator, it may also be true that those high in reward
drinking exhibit mechanistic dysfunction related to positive and negative expectancies
(e.g., expecting drinking to be very rewarding and not at all punishing) and enhancement
motivations (e.g., drinking to feel more sociable) that may be regulated with naltrexone use,
thus decreasing use.

Acamprosate is most effective for preventing a return to heavy drinking among people
who are abstinent, rather than helping people to reduce their drinking (Maisel et al.,

2013; Witkiewitz, Litten, et al., 2019). Heavy drinking and withdrawal are thought to
cause disruptions to the balance between neuronal excitation (glutamergic) and inhibition
(GABAergic). Although acamprosate’s pharmacological mechanism is unclear, some
experts suggest that it restores homeostasis by stabilizing NMDA-mediated glutamergic
neurotransmission (Akbar et al., 2018). Research shows that acamprosate may be more
effective in reducing heavy drinking for those who drink for relief purposes (e.g., to relieve
negative affect) (Roos, Mann, et al., 2017). Although this work suggests relief drinking is a
moderator, acamprosate may result in behavior change by reducing negative emotionality
(negative valence & emotionality: negative emotionality) at the trait level (negative

valence & emotionality: negative emotionality) and during withdrawal (negative valence &
emotionality: withdrawal-related negative emotionality), which may serve as an associative
cue for alcohol use among those high in relief drinking. Theoretically, acamprosate my also
then reduce negative affect-related urgency (cognitive control: response inhibition). There
is mixed evidence regarding whether acamprosate impacts drinking by reducing craving
(reward: incentive salience; see Seneviratne & Johnson, 2015 for a discussion) and cue
reactivity (reward: incentive salience; Kiefer & Mann, 2010; Ooteman et al., 2007) and
future research is needed on potential mechanisms.

Discussion

This brief review suggests there is mixed empirical support for mechanisms of behavior
change in common AUD treatments that overlap with AUD etiologic and maintenance
mechanisms identified by the ETOH Framework. The review identified many areas of
potential overlap between the two types of mechanisms, although much of the overlap
identified was hypothesized rather than supported by empirical data. Nonetheless, the
available empirical findings and theoretical hypotheses offer several important future
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directions and highlight the need for continued research on how to strengthen AUD
interventions.

This brief review suggests that treatments differ in their coverage of AUD etiologic and
maintenance mechanisms. For example, CBT for AUD is hypothesized to overlap with
many, if not most, of the ETOH etiologic and maintenance mechanisms. In comparison,
contingency management, and most of the medications for AUD, overlap with fewer
mechanisms. It is possible that treatments are being incorrectly applied to all people
(perhaps for practical purposes like therapist training or insurance billing), when we

know there are likely individual differences that drive effectiveness for a given person.

For example, a person whose AUD is driven by negative valence and emotionality

may not benefit as much from contingency management as from a mindfulness-based
treatment whose mechanisms of behavior change largely overlap with negative valence and
emotionality. Such hypotheses can and should be tested and the current review provides
guidance on potential mechanisms to further explore in the pursuit of advancing precision
medicine efforts in AUD. In the absence of such data, it may be possible (although

perhaps not always feasible or cost/time effective) to combine treatment approaches to
ensure more coverage of possible etiologic and maintenance mechanisms in the treatment
of AUD. However, combining treatments as a way to improve efficacy may not be

this straightforward given some research to suggest that combined psychosocial and
pharmacological treatments (which may provide more coverage of mechanisms) is not
superior to either treatment alone for various treatment outcomes (e.g., Anton et al., 2006). It
is also the case that combination treatments may tend to cover largely overlapping etiologic
and maintenance mechanisms, offering little incremental coverage of mechanisms when
used in combination.

Some etiologic and maintenance mechanisms are targeted by similar treatments. For
example, both CBT for AUD and mindfulness-based addiction treatments are thought

to target AUD etiologic and maintenance mechanisms related to cognitive control (e.g.,
urgency, lack of planning). If empirical support for overlapping mechanisms of behavior
change in AUD treatments and AUD etiology and maintenance can be established for
specific treatments, this overlap may help identify potentially efficacious treatments for
people with AUD who have dysregulation in such mechanisms. For example, if CBT for
AUD and mindfulness-based addiction treatments both decrease urgency, this suggests that
the two treatments may have common mechanisms of behavior change. Assuming these two
treatments are equivalent in reducing urgency, patients with an AUD characterized primarily
by urgency may benefit from either treatment. Perhaps more practically, the treatment that
is the briefest, most cost effective, or available in the clinic may be chosen for that patient
without concerns about jeopardizing outcomes.

Identifying common components across treatments, both within and across different forms
of psychopathology, is consistent with efforts to advance individualized modular treatment
approaches within and across specific diagnoses (e.g., Unified Protocol for Transdiagnostic
Treatment of Emotional Disorders). Although modules tend to be selected based on
pre-treatment factors like presenting symptoms (often based on DSM diagnostic criteria
which have important limitations) or treatment moderators like individual sociodemographic
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characteristics (Lorenzo-Luaces et al., 2021), this approach might easily be extended to
etiologic and maintenance mechanisms. Especially as we improve our ability to measure
such mechanisms. In practice, this would look like choosing a given treatment module based
on a person’s profile of dysfunction (i.e., the primary etiologic and maintenance mechanisms
implicated in their AUD), perhaps through the use of intensive repeated measure data
collection prior to therapy combined with person-specific factor analysis and dynamic

factor modeling to select a treatment (Fisher et al., 2019). Such a modular and data-driven
approach to treatment, if it could be implemented easily in clinical practice, could increase
the effectiveness of AUD treatment.

The current brief review fails to include many other types of AUD treatments (e.g.,
substance-free activity sessions) and mutual help groups (e.g., Alcoholics Anonymous)®.
However, there may not be clearly identified mechanisms of behavior change in these
approaches, either (e.g., Witkiewitz et al., 2022). Thus, we call for continued attention to
mechanisms of behavior change in AUD treatment, especially those that may be implicated
in the etiology or maintenance of AUD. Additional research should move beyond mediation
to evaluate the other features of a mechanism as outlined by Kazdin and Nock (2003),

for example, or the approaches outlined by Witkiewitz and colleagues (2022), such as
time-varying effect or mixture modeling. An important future direction may be to target
individual components of a treatment rather than the whole treatment itself when evaluating
possible mechanisms of behavior change. This may help further identify which components
demonstrate which mechanisms of change, providing a more specific test of mechanisms
(Magill et al., 2020).

We are aware that this discussion fails to consider the role of the social or environmental
contexts in which AUDs develop (or are maintained) and in which treatments occur. It surely
is not as straightforward as targeting specific AUD etiologic and maintenance mechanisms
with treatments that have overlapping mechanisms of behavior change because of social

and environmental influences (e.g., social support, systemic racism, economic resources).
For example, although a person’s profile of dysregulation related to AUD may consist

of elevated negative affect and poor coping skills, traditional treatment components that

lead to particular mechanisms of behavior change, such as coping skills training in CBT,
may only be effective in specific contexts. If an individual whose alcohol use is primarily
driven by negative affect also experiences associated with chronic housing instability and
food insecurity, then focusing on coping skills training, alone, may be insufficient for
changing alcohol use (Collins et al., 2015). Such an individual may not benefit in the
absence of other supports for decreasing negative affect-driven alcohol use (e.g., stable
housing and nutritional support) even though coping skills as a mechanism of behavior
change overlaps with the main AUD maintenance mechanism driving their use (i.e., negative
affect). Relatedly, the salience of a particular etiologic or maintenance mechanism in AUD
may differ across people based on individual, social, or environmental factors. In this case,
although two people with AUD may have dysfunction in the same etiologic mechanisms,
which is most important to address may vary by person. We refer interested readers to Roos

6see Ray and colleagues (2019) for a more comprehensive overview of treatments.
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and Witkiewitz (2017) which provides an example of how contextual factors may impact
mechanisms of behavior change.

This brief review discusses overlapping mechanisms of behavior change in AUD treatment
and AUD etiologic and maintenance mechanisms; an overlap that has been largely neglected
to date. Still, this review is relatively broad and the research in this area is lacking.

Thus, we call for more in-depth and systematic empirical investigations of such overlap,
potentially within a given treatment or within ETOH levels (e.g., subdomain level). Many
challenges exist in rigorously testing mechanisms of behavior change, including practical
and methodological challenges. Yet, some mechanisms of behavior change, although not
related to AUD etiologic or maintenance mechanisms, have been successfully identified

in SUD treatment (Witkiewitz et al., 2022). Thus, we call for mechanism of behavior
change researchers and funding agencies to increase their attention to those behavior change
mechanisms that overlap with AUD etiologic and maintenance mechanisms as one potential
way make progress in improving AUD treatment outcomes.
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Appendix A: Glossary of ETOH Superdomain, Domain, and Subdomain

Definitions per Boness et al., 2021

ETOH Framework:

The Etiologic, Theory-based, Ontogenetic, Hierarchical Framework of Alcohol Use
Disorder is a framework that organizes key alcohol use disorder etiologic and maintenance
mechanisms. The mechanisms are organized by broader superdomains at the highest level
(reward, cognitive control, and negative valence & emotionality) which then become
increasingly more specific at their lower levels, including the domain, subdomain, and
components levels (see Boness et al. 2021 for more detail).

Reward Superdomain:

Includes processes primarily responsible for responses to positive motivational situations or
contexts, such as reward expectancies, consummatory behavior, and reward/habit learning.

Positive expectancies: The expectation regarding how positive a given outcome or
behavior, such as alcohol use, will be.

Reward sensitivity: The tendency to detect, pursue, learn from, and experience
pleasure from positive stimuli.

Positive emotionality: A tendency towards experiencing positive emotions.

Incentive salience. 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.
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(Reward) Discounting. A broad concept that has sometimes been described as how
much value a given reinforcer loses as a function of a manipulated variable, such as
size or probability of the reward and time.

Habit: A consequence of reward learning whereby alcohol or drug use becomes
more ingrained and automatic as well as less susceptible to voluntary control and
decision making.

Cognitive Control Superdomain:
Broadly represents mechanisms traditionally considered a part of executive functioning.
Compulsivity: Perseveration in responding despite adverse consequences.
Compulsive use. Using alcohol or other substances despite adverse consequences.

Impulsivity: A tendency to act without forethought or effortful control.
Conceptualized as a precursor to compulsivity.

Conscientiousness: 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

Response inhibition: The ability to suppress dominant, automatic, or prepotent
responses or a tendency toward immediate action that occurs with diminished
forethought and is out of context with the current demands of one’s environment.

Negative Valence & Emotionality Superdomain:

Encompasses systems responsible for responses to aversive situations or context, such as
fear, anxiety, and loss.

Punishment sensitivity.: A reduced sensitivity to the aversive effects of alcohol (e.g.,
flushing or hangover)

Coping: The ways in which individuals manage negative emotions and involves
complex cognitive processes (e.g., appraisal) and behaviors in response to stress or
problems.

Negative emotionality: a negative mood state that includes alexithymia, anxiety,
irritability, and depression.

Negative expectancies. beliefs people hold about the likelihood of experiencing
negative effects from alcohol.
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Public Significance Statement:

This review highlights the overlap between processes that a) cause and maintain an
alcohol use disorder and b) cause behavior change in alcohol use disorder treatment. By
leveraging this overlap between processes, we may be able to better identify treatment
targets and improve the efficacy of existing treatments.
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Figure 1. The Etiologic, Ontogenetic, Theory-based, Hierarchical (ETOH) Framework of

Alcohol Use Disorder.

This figure depicts a visual of the ETOH Framework derived as a result of a systematic
review of reviews on alcohol use disorder etiology (this figure is reproduced from Boness
et al., 2021 under APA’s fair use criteria). 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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Leveraging the overlap between etiologic and maintenance mechanisms in alcohol use
disorder and behavior change mechanisms in alcohol use disorder treatment to improve
patient outcomes. AUD = alcohol use disorder.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2024 August 01.



Page 21

H H 3 Buidod pasnaoy-uonowy

Buidon Alfeuonows
H H e Buidoa pasnaoy-wiajqoid 9 90UB[e/\ 9AITEBON

Bununoosip sso  ANARISUSS JusWIysIUNg

H H H H Aousbin

vmuh_cmﬂmmp__uﬂ_wﬁm uongIyu1 ssuodsey

Boness and Witkiewitz

H H ]0J3U02 JO SSOT] 011U0D) BANIUBOD
H H H H aoueJanasiad Jo yoe
SSaUSNONUBIASUOD
H H H H Buruueld jo e
H H H H urelsqe o1 Aujiqeu] asn anis|ndwo)
uonouNXad
pue juawysiund 03 8ouelSISaY NgeH
H H H H Anonewoiny
H H H H Bununoosip Aujigeqoid
Bununoosiq premay
H H H H Bununoasip Aejeq
H H H H AAnoeal an)
30UBI[ES SAIUBIU|
H H H H Buinesd prevay
H H H SuOIleAIIOW JuBWAdUBYU]
Aljeuonows aAnIsod
H Aleuonows aanisod el
AAnisuss
plemas Alojedionuy
AIAnisuss premey
AlAnisuss
pJemal Aioyeluwinsuo)
H H H H sa1oue)oadxe aA1ISOd s810UL0adXa aA1ISOd
sjuauodwo) urewopgns urewop sedns
5 5 Sjuswreal L MQ@< Swisivey® N dNvy HOL13
uiveinRu|  Juswebeue uoInIppy o} Ade sy L
9Tes0IduwRY  SUORNIEN  URJYITSI] reuoireAlo|N  Aouebunuo)d paseg [eloineyeg
SsaujnJpuiN  dAIuboD
Siuswiresl] anvy

swisiueydaW adueuUURW pue 3160j011e dNVY HOL3 oluo paddew sjuawieasl Ny 10} abueyd Joineyaq JO SWSIURYIBIN

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

EXxp Clin Psychopharmacol. Author manuscript; available in PMC 2024 August 01.



Page 22

Boness and Witkiewitz

‘Woddns eariidwsa Jo Aljigearjdas o Aouaisisuod uonsanb ojul Buljes ‘sBulpuly paxiw awos =
*

uoddns jeaudws Buriinbas wsiueyosaw pazisayiodAy = H ‘uswiyesal) ay) ul abueyd JolAeyaq 40 wisiueydaw se 1oddns [earsidws = 3 {19pIosip asn |oyodje = ANV 810N

H H H H H sa1oueloadxa anefiaN  saroueldadxa anirebaN

H H H Aujeuonouws aairebau el

$193448 OIUOII JBHO 1 101010 aATEBEN

Aieuonows
H H anIrebau pare|al-lemespuiAn
SjuewIeal | anv swisivey® N dNy HO L3
Buimeinleiu|  Juswebeue |\ uoIRIppY Jo} Ade oy |

OIS0IAUBOY  SUORNEN  WRIINSIA  pyoieanop  Aouebunuod peseg e oinepg
SSQUINJPUIIN  BAIRIUuBoD

Siulewiiesll dnvy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

EXxp Clin Psychopharmacol. Author manuscript; available in PMC 2024 August 01.



	Abstract
	Cognitive Behavioral Therapy for AUD
	Mindfulness-Based Addiction Treatments
	Contingency Management
	Motivational Interviewing
	Pharmacological Treatments
	Discussion
	Glossary of ETOH Superdomain, Domain, and Subdomain Definitions per Boness et al., 2021
	References
	Figure 1.
	Figure 2.
	Table 1

