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ABSTRACT

Alcohol Use Disorders (AUDs) generally are understood as disordered behaviors,
and recovery from AUDs frequently is regarded in terms of positive and constructive
changes in those behaviors. However, a large proportion of recovering individuals
describe the experience of recovery from AUDs as consisting of both behavioral and
affective changes. The affective changes that characterize recovery have been referred to
as constituting “emotional sobriety,” which can be understood as a type of dynamic
equilibrium with respect to the variability of the valence and intensity of affective
experiences. Here, we describe neuroanatomical and behavioral correlates of emotional
sobriety, as well as sex differences, through three independent but complimentary studies.
In Study 1, we examined the association between the duration of abstinence (DOA) from
alcohol and volumetric measures of the Brain Reward System (BRS) and its subregions,
among groups of normal control (NC; n = 60) and AUD participants (n = 60). We found
volumetric differences of BRS regions known to be involved in affective processing in
association with different DOA. For example, long-term abstainers (greater than five
years) exhibited less volume in the cingulate cortex, relative to NCs, and AUD women

exhibited higher insular volume than AUD men in association with abstinence. In Study
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2, we examined the association between abstinence and differences in affective states.
Short-/mid-term abstainers (less than five years) exhibited affective dysregulation,
relative to NCs, whereas long-term abstainers exhibited relatively normal affective states.
AUD women exhibited higher positive affect than AUD men in association with
abstinence. In Study 3, we examined the independent influence of mutual-help
organization (MHO) activity upon affective states, over and above the effect observed in
association with abstinence. Greater degrees of MHO activity were observed to be
associated with increases in measures of positive affect, and sex differences also were
detected in this association, with AUD women exhibiting higher positive affect than
AUD men. Altogether, the findings of this dissertation indicate that the behavioral and
affective changes that characterize recovery from AUDs emerge together in a dynamic,
recursive interrelationship that is mediated through discrete corresponding

neuroadaptations at the level of the BRS.
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SPECIFIC AIMS AND HYPOTHESES

General Aim: Examine the associations between (a) specific recovery-related behaviors
(i.e., duration of abstinence (DOA) from alcohol and degree of active involvement in a
mutual-help organizations (MHO) in abstinent women and men with Alcohol Use
Disorders (AUDs)) with measures of (b) affective states, and (c) brain reward system

(BRS) volume.

General Hypothesis: Differences in recovery-related behaviors, as measured by
DOA and degree of MHO involvement, will be associated with differences in

affective states and differences in BRS volumes among individuals with AUDs.

Aim 1: Examine the association between DOA and volumetric measures of the BRS

among abstinent AUD men (AUDm) and AUD women (AUDw).

Hypothesis 1.1: Relative to lengthier DOA (more than five years), short-/mid-term
DOA (less than five years) will be associated with more volumetric abnormalities

of the BRS regions.

Hypothesis 1.2: On volumetric measures of the BRS, there will be less difference
between the abstinent AUD group with long-term DOA (more than five years)
and NCs, relative to the abstinent AUD group with short-/mid-term DOA (less

than five years) and NCs.
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Hypothesis 1.3: There will be sex differences in the association between DOA and
BRS volumes in the AUD group. The AUDm group is expected to show more
BRS-related abnormalities than the AUDw group, and these abnormalities are

expected to extend into longer periods of DOA.

Hypothesis 1.4: Differences in the effect of duration of heavy drinking on BRS

volumes will depend on DOA.

Aim 2: Examine the association between DOA and measures of affective states among

abstinent AUDm and AUDw.

Hypothesis 2. 1: Short-/mid-term DOA (less than five years) will be associated
with greater negative affective states and fewer positive affective states, relative

to lengthier DOA (more than five years) among individuals with AUDs.

Hypothesis 2.2: On measures of affective states, there will be less difference
between the abstinent AUD group with long-term DOA (more than five years)
and NCs, relative to the abstinent AUD group with short-/mid-term DOA (less

than five years) and NCs.

Hypothesis 2.3: There will be sex differences in the association between DOA and

affective states among AUD individuals. Both AUDw and AUDm are expected to



show differences with abstinence, but AUDw are expected to be characterized by

earlier affective differences than AUDm.

Aim 3: Examine the association between degrees of mutual-help organization (MHO)
activity in relation to the difference in the measures of affective states among abstinent

AUDm and AUDw.

Hypothesis 3.1: Greater recent (i.e., past 90 days) MHO activity (measured by
meeting attendance and participation, fellowship affiliation and involvement, and
“step work”) will be associated with higher positive affective states and lower
negative affective states, relative to less recent MHO activity, among individuals

with AUDs.

Hypothesis 3.2: Total MHO activity (i.e., meeting attendance and participation,
fellowship affiliation and involvement, and “step work™ over three timeframes:
lifetime, 12-months, 90-days) will be associated with higher positive affective

states over and above those associated with DOA.

Hypothesis 3.3: There will be sex differences in the association between MHO
activity and measures of affective states among individuals with AUDs. The
AUDw group is expected to show more positive change in affective states earlier

than the AUDm group with MHO activity.
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INTRODUCTION

Addiction is generally regarded as a brain-based behavioral disorder characterized
by impaired inhibitory control over the amount, duration, and/or frequency of
involvement with a substance or activity, despite consequences (ASAM, 2011; Brewer,
2018; Lewis, 2015; Szalavitz, 2017; Volkow et al., 2016). It is considered an especially
pernicious disorder, in part, because of the apparent inability of affected individuals to
regulate or eliminate involvement with the substance or activity. This is frequently the
case despite a strong desire to control involvement, and numerous attempts to do so. For
many addicted individuals, though not all, the experience is characterized by relapse —
reinvolvement with the substance or activity — even after prolonged periods of cessation
(Brown, Vik, et al., 1995; Durazzo et al., 2011; Maisto et al., 2007; Maisto et al., 2006;
McKay et al., 2006; Miller et al., 2001; Udo et al., 2009). In addition to the personal
demoralization associated with repeated relapse, addiction is associated with significant
morbidity and mortality among those affected, devastating interpersonal consequences, as
well as tremendous economic burden upon society and the healthcare industry (Compton
et al., 2007; Grant et al., 2016; Kolodny et al., 2015; NIAAA, 2016; Rehm et al., 2009).

Given the various costs associated with addiction, scientific attention has
increasingly been aimed at devising a solution to the problem — the most common
strategy being reductionistic investigation into the causal mechanisms underlying
addiction itself. Such investigation has sought to identify and understand what goes
“wrong” at varying levels of scale (e.g., population, neurons, genetics), which might

explain the development and persistence of these pathological behaviors. The underlying



neuronal mechanisms have especially received increased attention for at least two main
reasons: a) brain-based models of addiction are purported to destigmatize the disorder
(CHSRF, 2013; Erickson & White, 2009; Mehta & Farina, 1997), and b) it is widely held
that addictive behavior is reducible to brain-based abnormalities and, therefore, may be
more reliably treated through direct pharmacological intervention (Chung et al., 2016).
This neuroscientific investigation into addiction has especially revealed the functional
significance of the brain reward system (BRS), which mediates the processing of the
affective experiences and quasi-automatized reward/relief-seeking behaviors that
commonly characterize addictive involvement (more below) (Volkow & Morales, 2015).
Notwithstanding the substantial progress made in our understanding of addiction’s
neurobiological substrates, the problem continues to escalate in the United States
(Dawson et al., 2015; Lewis, 2015).

It is within this context that recognition of the need for a novel approach to
devising a solution to addiction has emerged. One alternative strategy, which has grown
in popularity over recent years, takes a different tack by focusing on the mechanisms
underlying the solution — that is, by investigating what goes “right” at different levels
among the many individuals who exhibit resilience in the face of this disorder and
ultimately recover (Krentzman, 2013). The rationale for this line of inquiry is predicated
upon the assumption that it is possible to identify the dynamics shared among recovering
people in order to potentially leverage, replicate, and prescribe them to those who still
suffer. We endorse this approach in the present dissertation and aim to advance the

existing neuroscientific understanding of recovery, and we hypothesize that treatments



(whether pharmacological or non-pharmacological) with evidence of neuronal changes in
addiction-related abnormalities will be more readily accepted and recommended by
clinicians and therefore will likely have a greater clinical impact (Baker et al., 2017;
Fernandez-Duque et al., 2015; McCabe & Castel, 2008; Scurich & Shniderman, 2014).

Systematic investigation into recovery requires the most coherent and
comprehensive definition of the subject. However, the construct of recovery, like
addiction, resists straightforward conceptualization and articulation (Kaskutas et al.,
2015; Kelly & Hoeppner, 2015; Knopf, 2011; The Betty Ford Institute Consensus Panel,
2007; White, 2007). For example, since addiction is generally regarded as a behavioral
disorder, recovery has largely been considered in terms of behavior change — that is, as a
reduction or elimination of addictive involvement with a substance or activity, which can
be represented along a continuum of change ranging from complete abstinence to
moderation to use of pharmacological adjuncts (e.g., naltrexone, methadone,
buprenorphine, Acamprosate) (White & Kurtz, 2006). Similarly, “remission” from an
addictive disorder is defined as the point at which involvement with a substance or
activity and associated behaviors no longer meets the diagnostic criteria of substance use
disorder (SUD) within the Diagnostic and Statistical Manual (APA, 2013; Grella & Stein,
2013; White, 2012).

However, a substantial proportion of recovering persons report that their
experience of recovery has not merely consisted of changes in behavior, but also changes
in their subjective happiness and well-being (Kelly et al., 2018), their emotional reactions

to life, as well as their fundamental experiences of themselves (Laudet, 2007). Among



this group, such qualitative changes in the affective dimension of recovery are frequently
characterized as the defining feature of recovery (Kelly et al., 2018; Laudet, 2007;
Witbrodt et al., 2015). These affective changes are commonly referred to as constituting
“emotional sobriety” (White & Kurtz, 2006; Wilson, 1958).

We hypothesize that these affective changes emerge along with the behavioral
changes in a dynamic, recursive interrelationship that are likely mediated by discrete
corresponding neuroadaptations. Therefore, a comprehensive account of recovery ought
to elucidate the behavioral, affective, and neural dynamics associated with this variety of
recovery experience. We propose that investigating the neural and behavioral correlates
of emotional sobriety will not only provide a better causal-explanatory account of
recovery in general, but it might also lead to better diagnostic, prevention, and treatment
strategies for the future.

We address the need for a neuroscientific account of the affective changes
experienced in recovery by examining the associations between affective states,
volumetric measures of the BRS and specific recovery-related behaviors. In what
follows, we provide a brief summary of and rationale for the themes considered within
this dissertation, before providing a brief overview of its specific objectives and general

trajectory.

Affective States
The concept of emotional sobriety was proposed by Bill Wilson (1958), co-

founder of Alcoholics Anonymous (AA), years after the fellowship was established, as



the goal/outcome of continued involvement in AA and continued application of the 12-
step program of recovery. In addition to frequently using concepts like “peace of mind,”
“serenity,” and “happiness” to capture the essence of this recovery variety, Wilson also
emphasized elements such as “balance” and “stability” (AA, 2001; Wilson, 1958). In this
dissertation, the term “emotional sobriety” is used to refer to a type of homeostasis
marked by a dynamic state of equilibrium with respect to the variability of both the
valence and intensity of affective experience, within which there is ostensibly room for
continuous growth.

Affective homeostasis has been considered a subjective index of organismic
Sflourishing (Immordino-Yang, 2016; Strigo & Craig, 2016). To flourish is not merely to
survive, but rather, it is to be well adapted to the particular niche in which an organism
finds itself, to be healthy and resilient and resourceful (Goodenough, 2003). Thus,
flourishing/affective homeostasis may be regarded as the primary goal or end toward
which much behavioral action is directed, particularly among organisms exhibiting
evidence of sentience (Damasio & Carvalho, 2013; Deacon, 2012; Goodenough, 2003;
Goodenough & Deacon, 2003). The human experience of flourishing/homeostasis, or
eudaimonia (Greek for happiness/well-being, as contrasted with hedonia), has long been
regarded as the “Good,” that is, the primary goal of human existence and the essential
byproduct of virtuous action (Aristotle, 2004; Cummins, 2013; Deci, 2008). Emotional
sobriety, as described by Wilson (1958), appears virtually indistinguishable from the
eudaimonic conception of happiness, apart from its recovery-specific application.

Because such homeostasis is itself positively valenced (it feels “good” to feel balanced),



and because no specific measure for this construct currently exists, we will consider
positive affective states, including subjective happiness, as a proxy for emotional

sobriety. The specific measures used to assess these states are described in each chapter.
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Figure 0.1 A schematic depiction of the experience of affective states over time.

This figure represents the combination of an adaptation of a diagram from Koob and Le Moal (2001)
and a diagram by Russell and Feldman Barrett (1999). The cross section of this figure depicts the
hierarchic logic of the interrelationships between and among the different types of affective states
(core affect, emotion, mood). See text for a summary. The dotted lines in between levels represent the
permeability of these states and the capacity for higher-level “blending” between and among
unrelated or mutually exclusive lower-level affective states (Deacon, 2006). This figure is not meant
to suggest that higher-level affective states are necessarily reducible to their constituent lower-level
“parts” (e.g., the mood of depression is not exactly 1-part anger, 1-part sorrow, and 1-part apathy at
the emotional level). The affective states depicted for each level are meant to be representative,
rather than exhaustive, of the approximate activation level and valence of a given state. The three-
dimensional cylinder represents a hypothetical “space” of affective experiences through time. The
wavefunction represents perpetual departures and fluctuations around the homeostatic set point,
which may extend into any of the quadrants (represented from the cross-sectional viewpoint) with
variable intensity and frequency, depending on numerous genetic, neuronal, and environmental
influences for varying durations of time. Here, the set point is exactly neutral with respect to
activation and valence. However, in reality, the set point itself will likely be generally situated more
or less within one of the quadrants represented, consistent with an individual’s affective tendency.
According to an allostasis model of change, the set point can be altered through the counter-adaptive
processes that emerge in response to chronic exposure to different types of stimuli.



As used here, the term “affective states” refers to a broad category of subjective
experiences that consist primarily of three distinct subtypes: core affect, emotion, and
mood. Through much of the related literature, these terms have been used
interchangeably (Batson et al., 1992). Since both emotions and moods supervene upon
core affect, we refer to them collectively as “affective states.” The term “states” usually
refers to how an individual feels at a given moment, and generally is contrasted with
“traits,” which refers to stable individual differences in feelings (Brose et al., 2013). Yet,
we use the term “states” with less specificity in reference to the general types of
subjective experiences intrinsic to affective consciousness. In large part, what
distinguishes these affective states from one another is their about-ness, that is, the
cognitive antecedent that they represent.

Moreover, while, hypothetically, these subtypes can exist in pure, isolate forms,
they are usually blended, especially in human experience, due to the influence of our
unique capacity for symbolically mediated cognition (Deacon, 1997; Deacon &
Cashman, 2009). Thus, because there is a hierarchic embedding between and among
these affective states, such that the higher-level states of mood and emotion depend upon
and influence the lower-level states of core affect and vice versa, we consider them
broadly as a unitary variable (i.e., aggregation of measures of core affect, emotion, and
mood). However, it will be useful to briefly clarify some of the differences between these
types of affective states for the sake of elucidating the mediating role of the BRS in the

next section:



(a) States of core affect. This refers to simple, lower-level non-reflective feeling
states accessible to consciousness, which have no specific object; they are not
necessarily about anything in particular. That is, there is no cognitively mediated
antecedent necessary to produce this affective state (Ekkekakis, 2013; Russell &
Feldman Barrett, 1999). Core affect is generally stable, though it can vary in both
its intensity (i.e., high or low) and valence over time (e.g., euphoria and

dysphoria, relaxation and stress, restfulness and restlessness).

(b) Emotional states. This refers to complex feeling states that are directed toward
a specific object, such as a person, event, or thing, whether past, present, future,
real, or imagined (Ekkekakis, 2013; Russell & Feldman Barrett, 1999). Emotions
can be about either exteroceptive stimuli (e.g., fear of some external threat) or
interoceptive stimuli (e.g., anger at one’s own feeling of anger) (Damasio &
Carvalho, 2013). Similar to core affect, emotions also are either positively
valenced (e.g., excitement, elation, contentment) or negatively valenced (e.g.,

fear, anger, sorrow) and can also vary in intensity.

(c) Mood states. This refers to complex, higher-level global feeling states that
may also be negatively valenced (e.g., anxiety and depression) or positively
valenced (e.g., happiness and serenity), and can either be about nothing in

particular, like core affect (e.g., depressed for no apparent reason), or about



something specific, like emotions (e.g., happy because life is “just right”)

(Connors et al., 1999; Frijda, 2009).

(d) Mood disorders. This refers to intractable mood states (e.g., Major Depressive
Disorder) or unpredictable oscillations (e.g., Bipolar Disorders I and II) in the
valence of mood that predominate an individual’s affective consciousness to a
pathological degree (APA, 2013). A mood disorder is differentiated from a mood
state on the basis of intensity, duration, and antecedent or lack thereof. Since the
affective symptoms of mood disorders are disconnected frequently from any
apparent external stimuli, and because effective treatments for these symptoms
have come through pharmacological intervention, it is widely held that they
primarily stem from abnormalities of the brain regions/systems involved in
affective processing (Martin-Soelch, 2009; Naranjo et al., 2001; Russo & Nestler,
2013). Thus, comorbid mood disorders are excluded in this study from formal
consideration, as their presence may reflect a neuropathology that could confound

the investigation of the neural correlates of basic affective states.

Brain Reward System
Since one of the objectives of this study is to expand upon what is currently
known about the neuroscience of recovery, we are interested in identifying the neural
correlates of emotional sobriety. In this section, we briefly describe the primary structures

and functions of the BRS particularly within the context of their relevance to the various



10

types of affective states.

The BRS comprises cortical and limbic structures that cooperate for the sake of
approaching certain rewarding stimuli and avoiding certain aversive stimuli, thereby
facilitating affective homeostasis through behavioral action in response to information
about the status of the organism in its environment (Damasio & Carvalho, 2013; Strigo &
Craig, 2016). Frontal cortical structures of this system include the dorsolateral prefrontal
cortex (DLPFC) and orbitofrontal cortex (OFC) (Bowirrat & Oscar-Berman, 2005;
Makris et al., 2008; Sawyer et al., 2017). Other cortical areas include the subcallosal,
cingulate, and insular cortices, as well as the temporal poles, and parahippocampal gyrus.
Together, these cortical regions exert a top-down inhibitory influence by modulating
oversight or executive functions, such as judgement and decision-making, behavioral
planning, affective regulation, as well as some aspects of memory. Limbic components
include the amygdala, hippocampus, portions of the ventral striatum (e.g., the nucleus
accumbens [NAc]), and ventral diencephalon (basal forebrain, ventral tegmental area
[VTA], and hypothalamus). These limbic structures are responsible for attaching
affective salience to various types of stimuli, motivation, as well as modulating all three
subtypes of affective states mentioned previously: core affect, emotion, and mood
(Makris et al., 2008; Routtenberg, 1978).

This system is characterized by complex inter-connectedness and interdependence
of mono- and polysynaptic circuitries between and among its subregions. For example,
the PFC, amygdala, and hippocampus, which are connected via reciprocal glutamatergic

neurons, and receive serotonergic inputs from midbrain raphe nuclei and noradrenergic
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inputs from the pontine locus coeruleus, as well as from hypothalamic peptide systems,
also project dense glutamatergic innervations to the NAc. Additionally, the functional
output of the PFC, amygdala, and hippocampus is modulated by multiple types of
GABAergic interneurons, as well as by cholinergic interneurons in the NAc (Hnasko et

al., 2012; Russo & Nestler, 2013; Tritsch et al., 2012).
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Figure 0.2 Three-dimensional representation of the cortical and subcortical structures of the brain’s
reward system.

A shows a lateral view of the right hemisphere. Images B and C show a medial view of the right
hemisphere; image D is an inferior view. Each region has been justified as an independent a priori
analysis in previous literature that indicates involvement in Alcohol Use Disorders and addiction:
Amyg — amygdala, CGa — anterior cingulate cortex, CGp — posterior cingulate cortex, DLPFC —
dorsolateral prefrontal cortex, FOC — orbitofrontal cortex, Hipp — hippocampus, INS — insula, NAc¢ -
nucleus accumbens septi, PHa — anterior parahippocampal gyrus, PHp — posterior parahippocampal
gyrus, SC — subcallosal cortex, TP — temporal pole, VDC — ventral diencephalon (not shown;
composed of the basal forebrain, hypothalamus, sublenticular extended amygdala, mammillary
bodies, and a large portion of the ventral tegmentum area) (Makris et al., 2008). [Permission to use
figure obtained from authors 11/12/19]
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The BRS is central to our inquiry because it mediates the processing of the
affective experiences and the behaviors that commonly characterize addictive
involvement. For example, processing of the experience of positive core affect (e.g.,
hedonia) appears to be correlated with the activation of a subsystem within the BRS, the
mesocorticolimbic dopamine (DA) system. This system consists of a collection of
dopaminergic neurons composing a pathway within the medial forebrain bundle (MFB)
that originates in the VTA and terminates at the ventral striatum, amygdala, olfactory
tubercle, septum, PFC, and other forebrain regions (Wise & Rompre, 1989). Organic
stimuli that activates this hedonic response tends to be associated with the
survival/flourishing of the organism (e.g., eating, sex, productive social encounters)
(Kelley & Berridge, 2002; Olsen, 2011). The experience of negative core affect (e.g.,
dysphoria), which can be induced by the presence of aversive stimuli (e.g., stress) or the
absence of rewarding stimuli partly stems from the hypoactivation of the DA system
(George & Koob, 2017; Melis et al., 2005), in addition to activation of the dynorphin
system in the basal ganglia and the extended amygdala (Chavkin & Koob, 2016; Koob &
Le Moal, 2008).

The processing of emotional states, both positive (e.g., elation, love) and negative
(e.g., fear, anger), also appear to be correlated with the activation or inactivation of other
BRS regions, such as the amygdala, insula, hippocampus, and OFC, in addition to the
circuitry underlying lower-level states of core affect (Burgdorf & Panksepp, 2006;
Floresco, 2015; Gasquoine, 2014; Phan et al., 2002; Reiman et al., 1997). Moreover,

abnormalities in emotional processing are correlated with structural abnormalities of BRS
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regions (Gasquoine, 2014; Makris et al., 2004; Seidman et al., 1999).

Higher-level mood states, such as happiness and depression, also appear to recruit
the same systems and discrete structures common to other lower-level affective states.
However, they seem to do so selectively and synergistically, such that basic states of core
affect and emotions are amplified and blended to produce a unique experience of
subjectivity, also potentially indicative of flourishing (Deacon, 2006; Deacon &
Cashman, 2009). Therefore, it is not surprising that the neural correlates of mood states,
as well as mood disorders, tend to be more generalized to multiple regions, rather than
localized to specific regions. For example, subclinical depression is associated with
distinct patterns in the functional connectivity of the anterior cingulate cortex (ACC)
(Philippi et al., 2015), and both unipolar and bipolar depression are associated with a
unique morphological profiles among several BRS regions (Kanner, 2004; Konarski et
al., 2008; O'Connor & Agius, 2015; Strakowski et al., 2002; Takahashi et al., 2010).
Similarly, (recalled) happiness is associated with distinctive structural correlates within
the BRS (Matsunaga et al., 2016; Sato et al., 2015), as well as the activation of several
BRS regions, including the OFC, PFC, ACC, temporal pole, amygdala, hippocampus,
and insula (Cerqueira et al., 2008; Cerqueira et al., 2010; Damasio et al., 2000; Kirkland
Turowski et al., 2014; Kringelbach & Berridge, 2010a, 2010b; Lane et al., 1997; Marci et
al., 2007; Markowitsch et al., 2003; Pelletier et al., 2003; Sitaram et al., 2011; Zotev et
al., 2011). Although we cannot fully explore the connection between BRS regions and
changes in affective states in this project, we hypothesize that the positive affective states

that are characteristic of emotional sobriety (e.g., happiness, serenity, etc.) will be
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correlated with a distinctive volumetric profile among regions of the BRS known to be

involved in affective processing.

Recovery-Related Behaviors

Because emotional sobriety consists of something more than behavior change, we
consider the behaviors associated with this type of recovery as “recovery-related
behaviors.” Recovery-related behaviors may be either intentional or incidental; that is,
they may be either the goal or the byproduct of changes at other levels. Like addictive
behaviors, we hypothesize that intentional recovery-related behaviors are about
modulating affective states. In this section, we describe the two recovery-related
behavioral variables that are assessed in the research described in this dissertation.

The first recovery-related behavior that will be considered in relation to its
association with affective changes is abstinence, specifically duration of abstinence
(DOA). Typically, the period of time since cessation of involvement is measured in terms
of acute withdrawal (48-72 hours), early abstinence (three-six weeks), and protracted
abstinence (> three months) (Heilig et al., 2010). However, in this study, timeframes are
used that correspond with well-known recovery milestones: short-term abstinence (less
than one year), mid-term abstinence (greater than one year, less than five years), and
long-term abstinence (greater than five years) (White, 2012).

Since addiction is characterized by the inability to control involvement with a
substance or activity, voluntary abstinence, as opposed to involuntary abstinence (e.g.,

hospitalization or incarceration), is regarded as an index representing the return of
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inhibitory control. For the purposes of this dissertation, we consider DOA in relation to
affective states, rather than moderation or use of pharmacological adjuncts, because
abstinence is easily quantifiable, associated with more favorable recovery-related
outcomes than moderation (Maisto et al., 2007), and eliminates the need for consideration
of the possible influence of psychoactive pharmacological adjuncts at the level of the
brain.

The second recovery-related behavioral variable that will be considered in relation
to its association with affective states is Mutual-Help Organization activity. MHOs,
which have been defined as “an association or aggregate of groups whose members meet
on an egalitarian basis to counteract through mutual interaction a common affliction or
problem in their lives” (Makela et al., 1996, p. 13), are commonly represented by 12-step
fellowships, such as AA, Narcotics Anonymous (NA), and Cocaine Anonymous (CA), in
addition to other non-12-step fellowships, such as SMART Recovery, LifeRing, Rational
Recovery, and Refuge Recovery. Motivation for investigating the association between
MHO activity and affective states stems partly from the observation that, for many
recovering individuals, increased DOA, without treatment, often is associated with
affective dysregulation similar to that exhibited by someone who is acutely intoxicated
from alcohol, for example, resulting in what has been referred to as the “dry drunk
syndrome” (Flaherty et al., 1955; Gogek, 1994). Further motivation to investigate the
association between MHO activity and recovery-related affective changes arises from the
fact that, according to national surveys in the U.S., the most commonly sought source of

help for many addictive disorders is MHO involvement (Grant et al., 2016; U.S. Dept. of
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Health and Human Services, 2009). For example, AA has more than 1.2 million active
members in the U.S., operating roughly 65,000 weekly meetings and can be found in
practically every community (Makela et al., 1996). Moreover, a growing research
literature has consistently shown that among adults treated for AUDs, those who affiliate
with MHOs have significantly better alcohol use outcomes than those who do not affiliate
(Kaskutas et al., 2003; Klein et al., 2011; Laffaye et al., 2008). Additionally, the affective
changes that are characteristic of emotional sobriety tend to be especially relevant for
recovering individuals with greater MHO affiliation (Kaskutas et al., 2015; Laudet,
2007). Several proxies of behavioral activity will be evaluated to assess degree of MHO
activity, which are described in greater detail in the third chapter. Lastly, motivation to
consider the association between MHO activity and affective states stems from our
broader objective of differentiating between the affective changes that potentially emerge
through the protracted reversal of neurotoxic insult to BRS regions through abstinence
versus those that might emerge through the cultivation of productive social relationships
characteristic of MHO affiliation and/or the acquisition of socially and psychologically
adaptive interpretative strategies of emotionally salient information, which potentially are
reinforced through the culturally embedded meaning systems of MHOs and mediated

through different BRS mechanisms.

Dissertation Overview
It is not possible in a project such as this to consider recovery from all of the

varieties of addiction experiences. Therefore, we limit the present investigation to
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recovery among individuals with alcohol addiction. More specifically, we consider
abstinent men and women who have been diagnosed with alcohol use disorders (AUDs -
alcohol abuse and/or dependence), according to the Diagnostic and Statistical Manual, 4%
edition (DSM-IV) (APA, 1994), as opposed to the diagnostic criteria of the DSM-V for
Alcohol Use Disorder, which is a unitary category representing a spectrum of severity
(APA, 2013).

With the overarching goal of identifying the neural and behavioral correlates of
emotional sobriety, we aim to answer the following central research question within this
dissertation: Is emotional sobriety associated with specific recovery-related behaviors
and volumetric differences of the BRS? To answer this question, three independent but
complimentary studies are conducted, and they constitute three separate chapters within
this dissertation. In Chapter One, we examine whether any volumetric abnormalities are
detectable among BRS structures and also correlated with affective states. Chapter Two
considers the association between DOA and measures of affective states among abstinent
AUD men (AUDm) and AUD women (AUDw). In Chapter Three, we used a subsample
from the previous two studies, in addition to a smaller sample of abstinent AUD
participants, demographically equivalent to the sample from the previous two studies, to
examine whether degrees of MHO involvement are associated with differences in
affective states. We consider whether the expected differences in affective states
exceeded those found among participants who were merely abstinent, or who had less
MHO involvement. In Chapter Four, we discuss the collective findings from the previous

studies/chapters and consider their heuristic and clinical value. In the end, our objective is
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to suggest a fruitful direction for future research aimed at better understanding the neural

and behavioral correlates of emotional sobriety.

THEORETICAL MODEL SPECIFYING HYPOTHESIZED
RELATIONSHIPS BETWEEN VARIABLES AND RESEARCH AIMS
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Figure 0.3 Theoretical framework specifying the relationships between the research aims.

Gray boxes depict specific variables addressed by this study and possible variables to be considered
by future research, which are representative of the general categories indicated by the partitioned
space within the circle. Within the “Recovery-Related Behaviors” partition, Mutual-Help
Organization (MHO) activity and attendance are depicted, both of which have been shown to
promote abstinence behavior. Within the “Brain Reward System” partition, volumetric changes
hypothesized to accompany recovery-related changes in core affect and the behavioral change of
abstinence are represented as being subordinate to the neurobiological changes that may have some
relevance to the experience of emotional sobriety and MHO behaviors. Within the “Affective States”
partition, basic changes in states of core affect hypothesized to underlie the more complex changes
that characterize emotional sobriety. The solid lines between variables represents associations being
established by the present study, whereas the dotted lines between variables represents associations
to be explored by future research. See text for in-depth description of respective aims indicated by
each connecting line. The bi-directional arrows represent the cross-sectional nature of the current
experimental design.
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CHAPTER 1

DURATION OF ALCOHOL ABSTINENCE AND BRAIN REWARD VOLUME

Introduction

There is mounting evidence from numerous neuroimaging studies that structural
and functional abnormalities of the entire Brain Reward System (BRS), as well as
abnormalities of its substructures and subsystems, are intrinsic to motivational states that
underlie the goal-directed behavior characterizing addictive involvement with alcohol
(Durazzo et al., 2010; Durazzo et al., 2011; George & Koob, 2017; Koob, 2013; Makris
et al., 2008; Melis et al., 2005; Volkow et al., 2016; Wrase et al., 2008; Wrase et al.,
2007). However, the BRS underlies a/l motivation and goal-directedness — a
consideration that is as relevant for addiction as it is for recovery, inasmuch as abstaining
from alcohol, especially among individuals with a history of Alcohol Use Disorders
(AUDs), frequently involves its own unique motivation and intentionality. Previous
research considering the relationship between abstinence and the BRS typically suggests
that some structures do ‘recover’ through the elimination of the noxious effect of alcohol
(Durazzo et al., 2010; Durazzo et al., 2011; Makris et al., 2008; Sawyer et al., 2017;
Wrase et al., 2008; Wrase et al., 2007; Zou et al., 2018), though most of these studies
only consider relatively short durations of abstinence (less than one year), and rarely are
drinking patterns (i.e., AUD status and severity) considered as factors contributing to the
overall trajectory of these patterns of neural recovery. We know of no other study that has
taken these methodological precautions in consideration of whether long-term abstinence

(greater than five years) is associated with its own distinctive neuronal profile. Thus, in
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this study, we sought to take up the question of whether there may be BRS abnormalities
that are potentially intrinsic to the motivational states underlying goal-directed behaviors
characterizing sustained abstinence from AUDs.

Because the risk of becoming addictively re-involved with alcohol returns to that
of the general population after approximately five years of abstinence (Dawson et al.,
2015; Dennis et al., 2007; Grant et al., 2016; Kelly et al., 2018; White, 2012), we propose
that the fundamental difference between short-/mid-term abstainers and long-term
abstainers is largely motivational. That is, we suggest that something critical either
changes with respect to the affective states that motivate addictive involvement during
the transition from mid-term abstinence to long-term abstinence, or it differs categorically
between these groups (Cox & Klinger, 1988; Melis et al., 2005). Moreover, sex
differences have been observed with respect to drinking motives (Mosher Ruiz et al.,
2017). Therefore, we hypothesize that there will be sex-specific morphological
differences among the BRS subregions known to modulate affective states underlying
motivation between the short-/mid-term abstainers and the long-term abstainers. An
extension of this hypothesis might be that there will be fewer differences between long-
term abstainers and normal drinkers in terms of motivation for addictive involvement,
and thus, less BRS-related morphological difference between these groups. However, we
wish to re-emphasize the fact that the BRS underlies al// motivation, not least the
motivation to remain abstinent. It is necessary to consider that the motivation for
abstinence among long-term abstainers is likely qualitatively different from that of

normal drinkers, in that normal drinkers do not usually intend to abstain; they are not
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actively inhibiting a behavioral response to conditioned (interoceptive or exteroceptive)
stimuli in the same way that abstinent AUD individuals are. Therefore, we also
hypothesize that there will be morphological differences between long-term abstainers
and normal controls (NCs) in BRS subregions known to be involved in affective and
motivational processing. In the present study, we used structural magnetic resonance
imaging (MRI) scans to analyze the brains of abstinent AUD women (AUDw) and AUD
men (AUDm) and normal control women (NCw) and normal control men (NCm) to test
these hypotheses.

In addition to suggesting fruitful areas of future neuroscientific study, exploring
such associations could reveal important insights concerning the neural correlates of
emotional sobriety, which might inform treatment strategies aimed at supporting the

behavioral and affective changes of recovery.

Materials and Methods

Participants
Participants included in this study were involved in a previous study conducted by
the members of the Boston University Laboratory of Neuropsychology (Sawyer et al.,
2017). All of the participants were right-handed adults (handedness as assessed in Briggs
and Nebes (1975)) from the Boston area. The study included 60 abstinent long-term
chronic AUD individuals (30 men) and 60 NC individuals (29 men). The AUDm and
AUDw were selected to have similar demographic characteristics. Participation was

solicited from newspaper and web-based advertisements, and posts on bulletin boards at



23

Boston University Medical Center, Boston Veterans Affairs (VA) Healthcare System,
VA after-care programs, and community locations. The Institutional Review Boards of
the participating institutions approved the research. Informed consent was obtained prior
to neuropsychological testing. Participants were reimbursed for time and travel expenses.
Neurobehavioral and psychiatric evaluations typically required from six to nine hours

over two or more days. Participants had frequent breaks as needed.

Clinical Evaluation

Participants underwent a medical history interview and vision testing, plus a
series of questionnaires (e.g., handedness, medical history, alcohol and drug use) to
ensure they met inclusion criteria. Participants performed a computer assisted, shortened
version of the Diagnostic Interview Schedule (DIS) (Robins et al., 2000) that provides
lifetime psychiatric diagnoses according to DSM-IV (APA, 1994) criteria. Participants
were excluded from further participation if any source (DIS scores, hospital records,
referrals, or personal interviews) indicated that English was not one of their first
languages, or if they had any of the following: corrected visual acuity worse than 20/50 in
both eyes; Korsakoff’s syndrome; HIV; cirrhosis; major head injury with loss of
consciousness greater than 30 minutes unrelated to AUDs; stroke; epilepsy or seizures
unrelated to AUDs; schizophrenia; Hamilton Rating Scale for Depression (HRSD)
(Hamilton, 1960) score over 16, which indicates the potential presence of Major
Depressive Disorder (Zimmerman et al., 2013); electroconvulsive therapy; history of

illicit drug use once per week or more within the past four years (except for one AUDw
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who had smoked marijuana within the past six months, and one AUDm who had used
cocaine within the past eight months).

A number of participants were taking medications for a variety of conditions, had
used illicit drugs earlier than four years before enrollment, or had a potentially
confounding medical history. Therefore, in analyses of the results, a subgroup of 85
participants (31 AUD; 54 NC) was created consisting of “unconfounded” participants
who were not currently taking psychotropic medications, and reported never using illicit
drugs more than once a week. Additionally, that subgroup was restricted to individuals
for whom no source indicated: hepatitis; an HRSD score over 13; or any of the following
disorders: Major Depressive Disorder; Bipolar Disorder I or II; Schizoaffective;
Schizophreniform; or Generalized Anxiety Disorder. Analyses of the results from the
“unconfounded” subgroup of participants were statistically consistent with those as

reported in the text for the total sample.

Neuropsychological Assessment
Tests of intelligence and memory were conducted, including the Wechsler Adult
Intelligence Scale, Third Edition (WAIS-III) (Wechsler, 1997a) for Full-Scale 1Q (FSIQ),
Verbal 1Q (VIQ), Performance IQ (PIQ), and Working Memory Index (WMI); the
Wechsler Memory Scale, Third Edition (WMS-IIT) (Wechsler, 1997b) for Delayed

Memory.
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Drinking Variables
In addition to meeting the DSM-IV criteria for alcohol abuse or dependence,
AUD status and severity among the AUD participants was determined through measures
of alcohol consumption behaviors that represented patterns of frequency and intensity as

described below:

Duration of Heavy Drinking.  Participants received a structured interview regarding
their drinking patterns, including duration of heavy drinking (DHD —i.e., 21 or more

drinks per week (one drink: 355 ml beer, 148 ml wine, or 44 ml hard liquor)).

Daily Drinks.  Additionally, a Quantity Frequency Index (Cahalan et al., 1969), which
factors the amount, type, and frequency of alcohol usage (roughly corresponding to
number of daily drinks (DD)) over the last six months (for the NC participants), or over
the six months preceding cessation of drinking (for the AUD participants), was calculated

for each participant.

Recovery-Related Variables
Duration of Abstinence.  In addition to providing information about the stability of
AUD-related sequelae in the absence of the acute effects of ethanol and its detoxification,
consideration of DOA from alcohol provides a measure of recovery-related behavior in
that, for AUD individuals, it commonly represents intentional behavior (Amodeo, 1985;

Amodeo et al., 1992). DOA refers to the length of time between the date of last drink and
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the date of the MRI scan (see below). DOA was ascertained with several comprehensive
interviews over multiple testing sessions, in which the date of last drink was obtained and

examined for consistency across sessions.

MRI Acquisition

MRI scans were obtained on a Siemens 3-Tesla TIM Trio scanner with an 8-
channel head coil (Siemens Medical Solutions USA, Inc., Malvern, Pennsylvania). Image
acquisitions included sagittal scout and two T1-weighted MP-RAGE series for
volumetric analysis: TR=2530 ms TE=3.39 ms, TI=1100 ms, flip-angle=7°, Field-of-
View=256, slice-thickness=1.33 mm, number-of-slices=128 contiguous, sagittal images
of the entire brain, matrix=256x256, number-of-excitations=2. The two MP-RAGE series
were averaged, then the averaged series was re-sliced in a standard coronal three-
dimensional brain coordinate system (Kennedy et al., 1989). Images were reformatted to

standard spatial orientation, but not rescaled in size.

MRI Morphometric Analyses
Image analyses followed semi-automated procedures developed by the Center for
Morphometric Analysis at Massachusetts General Hospital (MGH) (Caviness, Kennedy,
et al., 1996; Filipek et al., 1994; Makris et al., 1999). Images were inspected for gross
abnormalities, and cortical gray matter, white matter, subcortical structures, and

ventricles were manually segmented on T1-weighted images using a computer-assisted
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approach (Filipek et al., 1994). Neocortex was subdivided further into parcellation units,
involving a number of manual and computer-assisted operations (Caviness, Meyer, et al.,
1996). Cortical subregions of the reward network were divided: dorsolateral prefrontal
cortex (DLPFC; defined as the sum of the dorsolateral superior frontal and middle-frontal
gyri, approximating Brodmann areas 8, 9, and 46), insular, subcallosal, orbitofrontal, and
cingulate cortices, parahippocampal gyrus, and temporal pole. Gray matter subcortical
structures in the reward network included the nucleus accumbens (NAc), amygdala,
hippocampus, and ventral diencephalon (VDC). For volumetric comparisons to reward
network regions, we included analyses of sensory cortex (cuneus) and subcortical (dorsal
striatum) regions.

Segmentation and cortical parcellation were supervised by a neuroanatomist.
Blindness to group assignment was maintained during analyses. High inter-rater and
intra-rater reliability of these methods have been established (Caviness, Meyer, et al.,
1996; De Fosse et al., 2004; Frazier et al., 2005; Goldstein et al., 1999; Goldstein et al.,
2001; Herbert et al., 2003; Makris et al., 2004; Seidman et al., 1999). Estimated total
intracranial volume was obtained using FreeSurfer 5.3, an automated procedure (Fischl et
al., 2002; Fischl et al., 2004).

A semi-automated observer-assisted method of measuring the reward volume and
its components was used for two primary reasons. First, the advantages of using fully
automated methods such as FreeSurfer are speed and low cost, and thus may be
preferable for some studies. In fact, FreeSurfer was used in the present study for

measuring estimated intracranial volume. However, automated measures are more prone
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to coregistration problems, atlasing misalignment, and other artifacts (Devlin & Poldrack,
2007), and are not as accurate, particularly for measuring the small regions in the BRS.
By comparison, the method used in the present study is the gold standard for
neuroanatomic accuracy, and ensures precision and reliability in measuring regional brain
networks (Caviness, Meyer, et al., 1996; Makris et al., 2004). Second, since this was a
replication study (Makris et al., 2008; Sawyer et al., 2017), it was important to use the
same semi-automated MRI methods as in those prior reports to ensure consistency across

the two aforementioned studies.

B CDE FG ¥

Figure 1. 1 Segmentation method of the cortical and subcortical structures composing the reward
system, shown in T1-weighted magnetic resonance images.

Image A shows the midsagittal section on which vertical lines indicate the locations of representative
coronal slices of images B-1. aINS, anterior insular lobule; Amyg, amygdala; BF-SLEA, basal
forebrain/sublenticular extended amygdala; CGa, anterior cingulate cortex; CGp, posterior
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cingulate gyrus; CN, cuneal cortex (a cortical control region not included in the reward network);
dIPFC, dorsolateral-prefrontal cortex; FOC, orbitofrontal cortex; Hipp, hippocampus; Hypo,
hypothalamus; MB, mammillary body; NAC, nucleus accumbens area; PHa, anterior
parahippocampal gyrus, PHp, posterior parahippocampal gyrus; pINS, posterior insular lobule; SC,
subcallosal cortex; TP, temporal pole; VDC, ventral diencephalon. From Makris et al. (2008).
[Permission to use figure obtained from authors 11/12/19]

Statistical Analyses

Descriptive statistics were generated to characterize the mean and standard
deviation of demographic, drinking/recovery, neuropsychological, and BRS volumetric
variables stratified by AUD status and sex. Independent sample t-tests were employed for
initial exploration and identification of any significant differences between AUD
individuals and NCs, as well as between AUDw and AUDm, and between NCw and
NCm. Spearman correlation coefficients were also determined between drinking/recovery
variables (DD, DHD, DOA) and BRS total and regional volumetric measures. This
analysis was also stratified by sex. There were two primary analyses using multivariable
linear regressions. The first examined the association between DHD and DD and BRS
total and regional volumetric measures (normalized to the total intracranial volume), and
adjusted for the covariates age, education, and VIQ. The second analysis assessed the
association between DOA and BRS total and regional volumetric measures (normalized
to the total intracranial volume) in AUD individuals only, and adjusted for age,
education, VIQ, DHD, DD, and included an interaction term for sex and DOA. DOA was
operationalized in the regression models in two different ways: (a) as a continuous
variable and (b) a dichotomous variable, dichotomized into < five years and > five years.

We report the estimated beta estimates and their corresponding 95% confidence intervals
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(CI) as a measure of the strength of association. In addition, significant interactions
between any BRS volumetric measure and DOA abstinence were plotted to visualize sex
differences. For all analyses, the significance level was set at 0.05 and the analyses were

conducted in RStudio version 1.2.1335 (R Development Core Team, 2019).

Results

Participants

Table 1.1 provides information about the participants. We first examined
univariate associations among demographic variables, drinking (DHD, DD) and
recovery-related (DOA) variables, and neuropsychological variables (i.e., Wechsler Adult
Intelligence Scale: Full Scale IQ (FSIQ), Performance IQ (PIQ), Verbal 1Q (VIQ),
Working Memory Index (WMI); and Wechsler Memory Scale: Delayed Memory)
between group (AUD vs. NC) and sex (women vs. men). With the exception of DD
drinking variables and education, the AUD and NC groups did not differ in any of the
variables. Examination of sex differences revealed that AUDw had higher Delayed
Memory than AUDm. The NCw had higher education and also higher Delayed Memory
than the NCm, similar to the pattern observed in the AUD group suggesting that the
difference is attributable to the influence of sex rather than the influence of AUD. With
respect to the within sex comparisons, the AUDw had higher education and DD than the
NCw, whereas AUDm had higher DD and PIQ than the NCm with no other statistically

significant differences between the groups.



31

Drinking/Recovery Patterns

The AUDw and the AUDm did not differ significantly by DHD. The AUD
participants drank heavily (> 21 drinks per week) for a period of at least five years during
their lifetimes. None of the NC participants drank heavily. The AUDw and the AUDm
did not differ significantly by DD. The AUD individuals were abstinent for extended
lengths, an average of six years (range of abstinence: four weeks to 38 years). As
required by inclusion criteria, all of the AUD participants had abstained from alcohol for
at least four weeks prior to testing, except for one AUDw and two AUDm with shorter
abstinence periods and who were excluded from the unconfounded subgroup. A four-
week period of abstinence is important for obtaining stable levels of performance after
ethanol and its metabolites have been eliminated from the body (Oscar-Berman &
Marinkovic, 2007). The DOA variable did not apply to the NC group, who did not exhibit

AUD drinking behaviors. AUDm and AUDw did not differ significantly by DOA.



Alcohol Use Disorder (AUD)

Normal Control (NC)

P-value P-value P-value P-value P-value
Women (n=30) Men (n=30) (AUDw vs Women (n=31) Men (n=29) (NCw vs (AUDw vs | (AUDm vs (AUD vs
Mean SD Mean SD AUDm) Mean SD Mean SD NCm) NCw) NCm) NO)
Demographic Variables
Age 51.57 9.77 51.78 11.09 0.939 55.82 13.81 51.89 12.23 0.247 0.17 0.970 0.299
Education 14.68 2.45 13.88 2.27 0.194 16.10 231 14.69 2.02 0.015 0.02 0.154 0.009
Drinking/Recovery Variables
Daily Drinks (ounces ethanol per day) 7.69 6.83 11.04 8.31 0.093 0.18 0.34 0.33 0.48 0.169 0.00 0.000 0.000
Duration of Heavy Drinking (years) 13.03 6.31 16.57 8.25 0.068 - - - - - - -
Duration of Abstinence (years) 7.19 9.37 4.81 932 0.329 - - - - - - -
Neuropsychological Variables
FSIQ® 108.00 18.28 104.20 11.43 0.345 111.29 14.36 109.25 10.34 0.531 0.44 0.083 0.100
PIQ* 106.59 18.49 100.43 12.16 0.139 110.39 15.30 106.93 11.55 0.329 0.39 0.041 0.054
vIQ* 107.93 17.86 106.80 11.77 0.776 110.48 14.03 109.86 11.37 0.851 0.54 0.319 0.271
WMI* 105.90 17.04 106.07 13.24 0.966 108.03 12.94 104.57 9.94 0.252 0.59 0.627 0.870
Delayed Memory' 117.55 17.00 100.97 11.49 0.000 116.81 15.13 104.29 12.96 0.001 0.86 0.308 0.554

Table 1.1 Demographic, Behavioral, and Neuropsychological Characteristics of Sample.
Mean and standard deviation (SD) are presented for AUD and NC men and women separately. The p-value of the mean
differences are presented. Effects significant at p < (.05 are in bold.
# Neuropsychological scores were unavailable for 1 AUD woman, 1 AUD man, and 1 NC woman. The number of DD was not

obtained for 1 AUD man.

> Wechsler Adult Intelligence Scale, Full Scale 1Q.
Wechsler Adult Intelligence Scale, Performance 1Q.
9 Wechsler Adult Intelligence Scale, Verbal 1Q.

¢ Wechsler Adult Intelligence Scale, Working Memory Index.

f Wechsler Memory Scale, Delayed Memory.

[43
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Duration of Abstinence and Brain Reward Volumes

A multivariable linear regression analysis (Tables 1.2, 1.3, and 1.4) was used to
assess the relationship between DOA (independent variable) and volumetric measures of
the total BRS and BRS cortical and subcortical subregions (dependent variable). The
regression equation contained age, education, VIQ, DHD, and DD as covariates. The
results reveal that, relative to the NC group, the AUD group had significantly lower
volumes in the total and right ratios of the anterior insula. Among the AUD group, as
abstinence increased, volume decreased in the posterior insula. Sex differences among
the AUD group were detected with respect to DOA, with AUDw exhibiting significantly
higher volumes of the total BRS in addition to the temporal pole (total ratio, left ratio,
and right ratio), as well as the right ratio of the anterior insula, relative to AUDm. A post-
hoc analysis was conducted to determine differences between the short-term abstainers (<
one year) and the mid-term abstainers (> one year, < five years). No significant
difference was found between these groups. When the DOA variable was dichotomized
(< five years and > five years), the short-/mid-term abstainers (< five years) had
significantly higher volume in the entire posterior insula, relative to the NC group,
whereas the long-term abstainers (> five years) exhibited significantly less volume in the
total left ratio of the anterior cingulate cortex (ACC), relative to the NC group.
Additionally, long-term AUDw abstainers had significantly higher volumes than long-
term AUDm abstainers in the total BRS, VDC (total ratio and left ratio), temporal pole
(total ratio, left ratio, and right ratio), and the right ratios of the anterior and posterior

insula. Further, significant interactions were observed between DOA and sex, with
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AUDm exhibiting a negative association between DOA and volume in the left ratio of the
parahippocampal gyrus, relative to AUDw, who exhibited a positive association in the
same. Both AUDm and AUDw exhibited a negative association between volume in the
entire dorsal striatum and DOA, but the AUDw exhibited this trend more strongly in all
three ratios, relative to AUDm. These significant sex interactions are also shown in
Figure 1.1.

After adjusting for age, education, VIQ, DOA, and DD, several associations also
were detected between DHD and BRS subregions volumes. As DHD increased, volume
decreased in the temporal pole (total ratio and left ratio) and total ratio of the posterior
insula. Interactions between sex and DHD also were revealed where the effect of DHD
on the volume of the temporal pole (total, left, and right ratios) differed by sex (higher in
AUDw).

We also found significant interactions (Table 1.5) between DOA and DHD in the
parahippocampal gyrus (left ratio), when DOA was a continuous variable, and the dorsal
striatum (total ratio, right ratio), when DOA was dichotomized. Figure 1.2 illustrates the

interactions between DOA and DHD.



BRS Total and Subcortical Volumetric Measures (B, 95% CI)

BRS Total Amygdala Hippocampus Dorsal Striatum Nucleus Accumbens Ventral Diencephalon
Total Ratio Total Ratio Left Ratio Right Ratio TotalRatio | LeftRatio | Right Ratio TotalRatio | LeftRatio | Right Ratio Total Ratio | Left Ratio | Right Ratio | _Total Ratio Left Ratio Right Ratio
Whole Sample (n=120)
Alcohol Use Disorder
(n=60)"
Normal control ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Alcohol Use Disorder| 003 0 0 0 -0.01 0 -0.01 -0.02 -0.02 -0.03 0 0 0 0 0 0
(-0.41-0.35) (-0.01-0.01)  (-0.01-0.01)  (-0.01-0.01) | (-0.02-0.01)  (-0.02-0.01)  (-0.02-0.01) (-0.05-0) (-0.05-0.01) (-0.06-0) (0-0) (0-0) (-0.01-0) | (-0.02-0.02)  (-0.02-0.02)  (-0.02-0.02)
Duration of abstinence
(categorical)®
Normal controls ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
<5 years (_%’g‘:)ls_ -0.003 -0.003 -0.003 -0.002 0 -0.005 -0.016 -0.013 -0.019 -0.002 (ggg; (:gzgg;_ 0.003 0.006 0
0.477) (-0.014-0.007)  (-0.015-0.008)  (-0.014-0.007) | (-0.017-0.012) (-0.014-0015)  (-0.02:0.01) | (-0.05-0018) ~(-0.049-0.022) (-0.053-0016) |(-0.006-0.002) 7'+ 0001y | (0:018:0.024) (-0.015-0.028)  (-0.021-0.021)
Duration of abstinence
(categorical)"
Normal controls ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
=5 years -0.188 -0.002 -0.003 -0.002 -0.014 -0.017 -0.012 -0.037 -0.035 -0.04 0.002 (%%(:)2} (00(:]?)23 -0.011 -0.015 -0.007
! (-0.7-0.325) (0.015-0011)  (-0.016:0.011)  (-0.014-0.011) | (-0.032-0.004) = (-0.035-0.002) (-0.031-0.006) | (-0.078-0.004) = (-0.076-0.007) (-0.08-0.001) |(-0.003-0.006) """ 0.007) | (0:037-0.015) (-0.041-0.012)  (-0.033-0.019)
Only Alcohol Use
Disorder (n=60)
Duration of abstinence
(categorical)”
<=5 years ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
5 years 033 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02 0.05 0.05 0.05 0 0 (»0001. -0.02 -0.02 -0.02
! (-1.28- 0.62) (-0.03-0.01)  (-0.03-0.01)  (-0.03-0.01) | (-0.05-0.01)  (-0.05-0.01)  (-0.05-0.01) | (-0.02-0.11)  (-0.02-0.11)  (-0.02-0.11) ©-0.01)  (0.01-00h) 5 (-0.06-0.02)  (-0.06-0.02)  (-0.06- 0.03)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 1.05 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0 0 0 0.03 0.03 0.03
(0.35-1.75) (-0.01-0.02)  (-0.01-0.02)  (-0.01-0.02) (0-0.04) (0-0.04) (0-0.04) (-0.02-0.07)  (-0.02-0.08)  (-0.02- 0.08) (0-0.01)  (-0.01-0.01)  (0-0.01) (0- 0.06) (0-0.06) (0-0.07)
Sex and duration of
abstinence (categorical)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.03 0.01 0.01 0.01 0 0 0 -0.12 -0.11 -0.12 0 0 (_0?0 . 0 -0.01 0
(-1.22-1.29) (0.02-0.03)  (-002-004)  (:0.01-0.03) | (0.04-0.04)  (-0.04-0.04)  (-004-004) | (02--003)  (-0.2--0.03)  (-021--0.03) | (0.01-0.01) (-0.01-0.01) o~ (-0.06-0.05)  (-0.07-0.04)  (-0.05- 0.06)
] ] 001 -0.0003 -0.0004, -0.0002 -0.0007 -0.0006 -0.0007 0.0011 0.0012 0.001 0.0002 0.0001 0.0002 -0.0005 -0.0005 0.0005
Duration of abstinence (-0.0013- (-0.0014- (-0.0012- (-0.0022- (-0.0023- (-0.0022- (-0.0024- (-0.0024- (-0.0026- (-0.0003- (-0.0003-  (-0.0003- (-0.0027- (-0.0027-
(years)® (-0.06-0.04) 0.0007) 0.0007) 0.0007) 0.0009) 0.0011) 0.0008) 0.0046) 0.0048) 0.0047) 0.0007) 0.0006) 0.0008) 0.0017) 0.0017)  (0:0028-0.0018)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 0 0 0.03 0.03 0.03
(0.31-1.69) (-0.01-0.02)  (-0.01-0.02)  (-0.01-0.02) | (-0.01-0.04)  (-0.01-0.04)  (-0.01-0.04) | (-0.04-0.06)  (-0.04-0.06)  (-0.04-0.06) (0-0.01)  (-0.01-0.01)  (0-0.01) (0-0.06) (0-0.06) (0-0.06)
Sex and duration of
abstinence (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(-0.06- 0.07) (0-0) 0-0) (0-0) (0-0) 0-0) (0-0) (-0.01-0) (-0.01-0) (-0.01- 0) (0-0) (0-0) 0-0) (0-0) 0-0) 0-0)
-0.027
Duration of heavy (-0.079- 0 0 -0.001 0 0 0 -0.001 -0.001 -0.002 0 0 0 0 0.001 0
drinking (years)® 0.024) (-0.001-0.001)  (-0.001-0.001)  (-0.002-0) | (-0.002-0.001) ~(-0.002-0.002) ~(-0.002-0.001) [ (-0.005-0.002) (-0.005-0.003) (-0.005-0.002) | (-0.001-0)  (0-0.001)  (-0.001-0) | (-0.002-0.003) (-0.002-0.003) ~(-0.002-0.003)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.48 -0.01 0 -0.01 0.02 0.02 0.02 -0.07 -0.06 -0.07 0 0 -0.01 0.03 0.03 0.02
(-0.8-1.76) (-0.03-0.02)  (-0.03-0.02)  (-0.04-0.01) | (-0.02-0.06)  (-0.03-0.06)  (-0.02-0.06) | (-0.16-0.03)  (-0.16-0.03)  (-0.16-0.03) | (-0.02-0.01) (-0.01-0.01) (-0.02-0.01)| (-0.03-0.08)  (-0.03-0.08)  (-0.04-0.08)
Sex and duration of
heavy drinking (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(-0.04-0.12) (0-0) (0-0) 0-0) (0-0) (0-0) (0-0) (0-0.01) (0-0.01) (0-0.01) (0-0) 0-0) (0-0) (0-0) (0-0) 0-0)

g¢



Table 1.2 Morphometric Analyses. Adjusted Linear Regression of the Effect of History of AUDs on BRS Total and Subcortical
Volumetric Measures and Duration of Abstinence and Sex Interaction on BRS Volumetric Measures.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

# Adjusted for age, education, and VIQ

> Adjusted for age, education, VIQ, DHD, and DD

¢ Adjusted for age, education, VIQ, DOA, and DD

9¢



BRS Cortical Volumetric Measures (B, 95% CI)

Dorsolateral Prefrontal Cortex Orbitofrontal Cortex Cuneal Cortex Parahippocampal Gyrus Temporal Pole
Total Ratio Left Ratio Right Ratio Total Ratio Left Ratio Right Ratio Total Ratio | LeftRatio | Right Ratio Total Ratio Left Ratio Right Ratio Total Ratio Left Ratio Right Ratio
Whole Sample (n=120)
Alcohol Use Disorder
(n=60)"
Normal control ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Alcohol Use Disorder 0.02 0.05 -0.02 -0.02 -0.01 -0.03 -0.03 0.04 -0.02 0 0 0.01 0.04 0.04 0.03
conol Hse Diso (-0.12-0.15) (-0.1-0.2) (-0.16-0.12) | (-0.05-0.01)  (-0.05-0.03) (-0.07-0) (-0.07-0.01) (-0.09-0) (-0.06-0.03) | (-0.01-0.01)  (-0.01-0.01)  (-0.01-0.02) | (-0.02-0.09) (-0.01-0.1) (-0.02-0.08)
Duration of abstinence
(categorical)®
Normal controls ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
5 vears -0.007 0.013 -0.028 -0.012 0.008 -0.032 -0.028 -0.04 -0.017 0.004 (700'%01127 0.006 0.031 0.037 0.024
2 (0.156:0.142)  (0.154-0.179)  (:0.191-0.136) | (-0.052:0.028) (-0.039-0056) (-0.076-0.011) | (-0.077-0.02) (-0.094-0.014) (-0.068-0.034) | (-0.009-0.016) (.~ (-0.008-0.021) | (-0.029-0.091) (-0.026-0.101)  (-0.04-0.088)
Duration of abstinence
(categorical)®
Normal controls ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
5 years 0.052 0.106 -0.003 -0.029 -0.027 -0.032 -0.022 -0.04 -0.004 -0.005 (gggj -0.002 0.043 0.051 0.036
¥ (-0.135-0.238)  (-0.117-0.328) (-0.193-0.188) | (-0.075-0.016) (-0.079-0.026) (-0.086-0.022) | (-0.077-0.033) (-0.103-0.023) (-0.063-0.054) | (-0.021-0.01) 0.008) (-0.02-0.016) | (-0.032-0.119)  (-0.028-0.13)  (-0.044-0.116)
Only Alcohol Use
Disorder (n=60)
Duration of abstinence
(categorical)®
<=5 years ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
+ 5 years 0.04 0.12 -0.05 -0.02 -0.04 0.01 0.04 0.03 0.06 -0.02 -0.02 -0.01 -0.01 0.01 -0.02
! (-031-038)  (-0.26-0.5)  (-0.41-0.32) | (-0.09-0.06)  (-0.14-0.06)  (-0.07-0.08) | (-0.07-0.16)  (-0.08-0.15)  (-0.06-0.18) | (-0.04-0.01) (-0.05-0.01) (-0.04-0.02) | (-0.12-0.1)  (-0.13-0.14)  (-0.12-0.08)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.21 0.24 0.18 0.03 0.03 0.02 -0.03 -0.05 0 - 0.02 0.02 0.02 0.18 0.19 0.16
(-0.04-0.47)  (-0.04-0.52)  (-0.08-0.45) | (-0.03-0.08)  (-0.04-0.1)  (-0.03-0.08) | (-0.11-0.06)  (-0.13-0.04)  0.09-0.08) (0-0.04)  (-0.01-0.04)  (0-0.05) (0.1-0.26) (0.09-0.29)  (0.09-0.24)
Sex and duration of
abstinence (categorical)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.01 -0.09 0.11 -0.01 0.01 -0.03 -0.01 0.01 -0.03 0.01 0.01 0 0 -0.03 0.03
(0.45-047)  (-0.6-0.41)  (-0.37-0.59) | (-0.12-0.09)  (-0.12-0.14)  (-0.13-0.07) | (-0.16-0.14)  (-0.14-0.16)  (-0.19-0.13) | (-0.03-0.04) (-0.03-0.05) (-0.04-0.04) | (-0.14-0.15)  (-0.2-0.15) (-0.1-0.16)
0.0013 0.0042 -0.0016 -0.0006 -0.0011 0.0015 0.0014 0.0016 -0.0012 -0.0013 -0.001 0.0011
. . -0.0001 0.0024 0.0038
Duration of abstinence (-0.0166- (-0.0156- (-0.0203- (-0.0046- (00062 foa00039)|  (0-0042- (-0.0045- (-0.0046- (-0.0026- (-0.0028- (00027 | 0035 0.008) (-0003-0.0106) 00041
(vears)” 0.0193) 0.0239) 0.0172) 0.0035) 0.0041) : : 0.0072) 0.0072) 0.0078) 0.0003) 0.0002) 0.0006) : : : : 0.0062)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Femal 0.23 0.24 0.21 0.03 0.03 0.03 -0.03 -0.05 -0.02 0.01 0.01 0.01 0.18 0.2 0.16
emate (-0.03-0.48)  (-0.04-0.51)  (-0.05-0.48) | (-0.03-0.09)  (-0.04-0.1)  (-0.03-0.08) | (-0.11-0.05)  (-0.13-0.03)  (-0.1-0.07) | (-0.01-0.03) (-0.01-0.03) (-0.01-0.03) | (0.1-0.26) (0.1-0.29) (0.09- 0.23)
Sex and duration of
abstinence (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(-0.02-0.02)  (-0.03-0.02)  (-0.02-0.02) (-0.01-0) (-0.01-0.01) (-0.01-0) (-0.01-0.01)  (-0.01-0.01)  (-0.01-0.01) (0-0) (0-0) (0-0) (-0.01-0.01)  (-0.01-0.01)  (-0.01-0.01)
Duration of heavy -0.011 -0.016 -0.007 0.002 0.005 0 0.004 0.004 0.004 0.001 0.001 0 -0.006 -0.008 -0.004
drinking (years)® (-0.03-0.007)  (-0.037-0.005) (-0.026-0.013) | (-0.002-0.007)  (-0.001-0.01) ~ (-0.004-0.004) | (-0.002-0.01) ~ (-0.002-0.01)  (-0.002-0.011) | (-0.001-0.002) ~ (0-0.003)  (-0.001-0.002) | (-0.012--0.001) (-0.015--0.002) (-0.009-0.001)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.06 0.07 0.06 0.06 0.08 0.04 0.05 0.01 0.09 0.03 0.03 0.02 -0.01 -0.06 0.04
(-0.4-0.53) (-0.45-0.58)  (-0.43-0.54) | (-0.05-0.16)  (-0.05-021)  (-0.07-0.14) (-0.1-0.19) (-0.14-0.16)  (-0.07-0.25) | (-0.01-0.07)  (-0.01-0.07)  (-0.02-0.07) | (-0.15-0.12) (-0.22-0.1) (-0.09-0.17)
Sex and duration of
heavy drinking (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.01 0.01 0.01 0 0 0 -0.01 0 -0.01 0 0 0 0.01 0.02 0.01
(-0.02-0.04)  (-0.02-0.04)  (-0.02-0.04) (-0.01-0) (-0.01-0) (-0.01-0) (-0.01-0) (-0.01-0.01) (-0.02-0) (0-0) (0-0) (0-0) (0-0.02) (0.01-0.03) (0-0.02)
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Table 1.3 Morphometric Analyses. Adjusted Linear Regression of the Effect of History of AUDs on BRS Cortical Volumetric
Measures and Duration of Abstinence and Sex Interaction on BRS Volumetric Measures.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

# Adjusted for age, education, and VIQ

> Adjusted for age, education, VIQ, DHD, and DD

¢ Adjusted for age, education, VIQ, DOA, and DD
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BRS Cortical Volumetric Measures (B, 95% CI)

Anterior Cingulate Cortex

Posterior Cingulate Cortex

Anterior Insular Cortex

Posterior Insular Cortex

Total Ratio Left Ratio Right Ratio Total Ratio | _LeftRatio | _Right Ratio Total Ratio | _LeftRatio | _Right Ratio Total Ratio Left Ratio Right Ratio
Whole Sample (n=120)
Alcohol Use Disorder
(n=60)"
Normal control ref ref ref ref ref ref ref ref ref ref ref ref
Alcohol Use Disorder| 0013 -0.023 -0.004 -0.011 -0.005 0.017 -0.02 -0.02 -0.02 0.01 0.01 0.01
(:0.052-0.025) (-0.07-0.025) (-0.049 - 0.041)|(-0.038 - 0.015) (-0.032-0.021) (-0.05-0.015) |  (-0.04-0) (0.04-0) (-0.04-0) (0-0.02) (-0.01-0.02)  (-0.01-0.03)
Duration of abstinence
(categorical)®
Normal controls ref ref ref ref ref ref ref ref ref ref ref ref
0.017 0.013 0.021 -0.005 0 -0.009 0,019 -0.022 0,016 0.019 0.018 0.021

<=5 years

Duration of abstinence
(categorical)*

(-0.027-0.06)  (-0.041-0.067) (-0.031-0.072)

(-0.037-0.028)  (-0.033-0.032)  (-0.047-0.03)

(-0.04-0.002)  (-0.046-0.002) (-0.037-0.006)

(0.004-0.034)

(0.003-0.033)

(0.002-0.039)

Normal controls ref ref ref ref ref ref ref ref ref ref ref ref
-5 years -0.06 - -0.086 -0.034 -0.022 -0.015 -0.03 -0.018 -0.01 -0.025 -0.009 -0.008 -0.009
o7 0.113--0.008) (-0.151--0.022) (-0.101-0.033) [ (-0.057-0.012) (-0.052-0.022) (-0.071-0.011) | (-0.043-0.008) ~ (-0.04-0.019) ~ (-0.051-0.002) | (-0.027-0.009) ~ (-0.027-0.01) ~ (-0.032-0.014)
Only Alcohol Use
Disorder (n=60)
Duration of abstinence
(categorical)®
<=5 years ref ref ref ref ref ref ref ref ref ref ref ref
5 years (70'%7187 . -0.147 (7(7)0621147 ) 0.003 -0.028 0.034 0.01 0.01 0.01 -0.03 -0.03 -0.04
> 0.003) (0--0.003) 0.004) (0 --0.004) (0 --0.003) (0--0.005) | (-0.03-0.05)  (-0.03-0.06)  (-0.03-0.05) (-0.07-0) (-0.06-0.01) (-0.08-0)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref
-0.001 -0.001 -0.001 -0.021 -0.014 -0.029
0.02 0.01 0.04 0.02 0.01 0.03
Female (-0.019 - - (-0.015 - - (-0.027 - - (-0.002 - - (-0.002 - - (-0.005 - - <
0.085) 0.067) 0.139) 0.106) 0.063) 0.166) (-0.01-0.05)  (-0.03-0.04)  (0.01-0.07) (0-0.05) (-0.01- 0.04) (0-0.06)
Sex and duration of
abstinence (categorical)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.043 0.085 0.001 -0.014 0.021 -0.05 -0.02 0 -0.05 0 0 0
(-0.003 - 0.994) (-0.003 - 0.841) (-0.004 - 1.229) [ (-0.002 - 0.676) (-0.002 - 0.585) (-0.003 - 0.803)| (-0.08-0.03)  (-0.06- 0.06) (-0.1-0) (-0.04-0.05)  (-0.04-0.05)  (-0.05-0.06)
-0.001 0.002 0.0003 0.0009 -0.0003 -0.0017 -0.002
. . -0.005 0 -0.002 0.001 -0.0018
Duration of abstinence (-0.001 - - (-0.001 - - (-0.0017- (-0.0014- (-0.0024- (-0.0035- (-0.0041-
(years)” 0.004) (0--0.004) 0.005) (0--0.004) (0--0.003) (0--0.003) 0.0023) 0.0032) 0.0018) (-:0.0036-0) 0.0001) 0.0001)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref
0.004 0.003 0.005 -0.031 -0.018 -0.043
0.02 0.01 0.03 0.01 0 ( 0.02
Female (-0.019 - - (-0.017 - - (-0.025 - - (-0.003 - - (-0.003 - - (-0.006 - -
0.006) 0.005) 0.009) 0.004) 0.002) 0.006) (0-0.05) (-0.02-0.04) (0.01-0.06) (-0.01-0.04) 0.02-0.03) (-:0.01-0.05)
Sex and duration of
abstinence (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref
Female 0 - 0.003 -0.002 . .002 ¢ 0 0 0 [} 0 0
0.003 - 1.035)  (-0.003 - 0.86) (-0.004 - 1.291){(-0.002 - 0.706) (-0.002 - 0.597) 0.003 - 0.855) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0)
Duration of heavy 0.001 X 0 0.001 . 0 0 0 0 -0.002 -0.002 -0.002
drinking (years)* (-0.003-0.004)  (-0.003-0.005) (-0.004-0.005) | (-0.003-0.004) (-0.003-0.005) ~(-0.004-0.005) | (-0.002-0.002) (-0.002-0.003) (-0.003-0.002) | (-0.004-0) (-0.004-0) (-0.004-0)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref ref
Female 0.01 0.04 -0.01 0.01 0.04 -0.01 0.04 0.04 0.03 -0.02 -0.02 -0.01
(-0.08-0.11)  (-0.06-0.14)  (-0.11-0.09) | (-0.08-0.11)  (-0.06-0.14)  (-0.11-0.09) | (-0.02-0.09) (-0.02-0.1) (-0.03-0.09) | (-0.06-0.03)  (-0.07-0.03)  (-0.07-0.04)
Sex and duration of
heavy drinking (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref ref
Femal 0 0 0 0 0 0 0 0 0 0 0 0
emate (-0.01-0) (-0.01-0) (-0.01-0.01) (-0.01-0) (-0.01-0) (-0.01-0.01) (0-0) (-0.01-0) (0-0) (0-0.01) (0-0.01) (0-0.01)
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Table 1. 4 Morphometric Analyses. Adjusted Linear Regression of the Effect of History of AUDs on BRS
Cortical Volumetric Measures and Duration of Abstinence and Sex Interaction on BRS Volumetric
Measures.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in
bold.

* Adjusted for age, education, and VIQ

> Adjusted for age, education, VIQ, DHD, and DD

¢ Adjusted for age, education, VIQ, DOA, and DD

014



% Sex
Women

== Men

0.15-
.

Parahippocampal Gyrus Left Ratio

' '
0 10 20 30

Duration of Abstinence (years-)

1.0-

1.0- -
3 1.0-
“

o I a K= Ed a
2 o - 2
© © ¥ st
o . . 4 o - A hd a
= =
Lo9- =~ $09- go, * - S
i ¢ a Sex - i, Sex [id Sex

£ £
g Women % Women 3 Women
@ — @
= =+ Men g “*= Men = == Men
@ = 08" @
a ® ]
o 5 o
o o o
(8] o

) .
X . a
07- a 0.7 07-
0 10 20 30 0 10 20 30 0 10 20 30
Duration of Abstinence (years) Duration of Abstinence (years) Duration of Abstinence (years)

Figure 1. 2 Regression lines representing significant sex interactions between volumetric measures of the BRS and DOA for AUD men and
women.

In the parahippocampal gyrus (top), increasing DOA is associated with increasing volume in AUDm and decreasing volume in AUDw. In the
dorsal striatum (total ratio, left ratio, and right ratio) (bottom), increasing duration of abstinence is associated with more rapidly decreasing
volumes in AUDw, relative to AUDm.
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BRS Total and Subcortical Volumetric Measures (B, 95% CI)

of heavy drinking
(years) interaction

BRS Total Amygdala ampus Dorsal Striatum
Total Ratio Total Ratio Left Ratio | Right Ratio Total Ratio Left Ratio Right Ratio Total Ratio Left Ratio | _Right Ratio Total Ratio
Only Alcohol Use
Disorder (n=60)
(n::art;;n of abstinence | | (:0.05-0.04) 0(0-0) 0 (0-0) 0 (0-0) 0(0-0) 0 (0-0) 0(0-0) 0(0-0) 0(0-0) 0 (0-0) 0 (0-0)
v
Duration of heavy 0.05 (-0.04-
drinking (years) 013) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0)  [-0.006 (-0.012-0) -0.01 (-0.01-0) -0.01 (-0.01-0) 0(0-0)
Duration of abstinence
(vears) and duration g ’
of heavy drinking 0(-0.01-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0 (0-0.001) 0(0-0) 0.(0-0.001) 0(0-0)
(vears) interaction
BRS Cortical Volumetric Measures (B, 95% CI)
DLPFC Orbitofrontal Cortex Temporal Pole Cingulate Cortex
Total Ratio Left Ratio Right Ratio Total Ratio | Left Ratio | _Right Ratio Total Ratio Left Ratio Right Ratio Total Ratio Left Ratio Right Ratio
Only Alcohol Use
Disorder (n=60)
:)‘::‘:‘s')‘,',“ of abstinence| o 02.0.01) '0’0(; (‘)'10)’03' 0(-0.02-0.02) | 0 (0-0.01) 0(0-0.01) 0(0-0) 0 (-0.01-0) 0 (-0.01-0) 0 (0-0) 0 (0-0) 0 (0-0) 0(0-0)
Duration of heavy 001 (-0.02-  0.02(-001-  0.01 (-0.03- ool o o oo o ! | o y
Geary 0.05) 006) 004) 0(-0.01-0.01)  0(-0.01-0.01)  0(-0.01-0.01) | 0(-0.01-0.01) 0(-0.01-0.01)  0(0-0.01) 0(0-0.01)  0(-0.01-0.01)  0(0-0.01)
Duration of abstinence
(vears) and duration ’ y y . ' | ’ y y ! ' '
of heavy drinking 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0)
(vears) interaction
BRS Cortical Volumetric Measures (B, 95% CI)
Cuneal Cortex Parahippocampal Gyrus Anterior Insula Posterior Insula
Total Ratio Left Ratio Right Ratio Total Ratio | _ LeftRatio | _Right Ratio Total Ratio Left Ratio Right Ratio Total Ratio Left Ratio | _Right Ratio
Only Alcohol Use
Disorder (n=60)
:";:‘s')‘:" of abstinence| 01 0(0-0.01) 0(0-0.01) 0(0-0) 0.002 (0-0.003) 0(0-0) 0(0-0) 0 (0-0) 0 (0-0) 0(0-0) 0(0-0) 0(0-0)
v
Duration of heavy
drioking (years) 0(-0.01-0.01)  0(-0.01-0.01)  0.01 (0-0.02) 0(0-0)  0.003(0-0.005  0(0-0) 0(0-0) 0(0-0) 0(-0.01-0) 0(0-0) 0(0-0) 0(0-0)
Duration of abstinence
(vears) and duration 0(0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0(0-0) 0(0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Table 1.5 Morphometric Analyses. Adjusted Linear Regression of the Interaction between Duration of Heavy Drinking and Duration

of Abstinence on BRS Volumetric Measures.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

> Adjusted for age, education, VIQ, DHD, and DD.

(44



Interaction in Parahippocampal Gyrus

s - (]
-
0.25-
2 £025-
] ©
14 14
= =
° 3
w w
= 3
£.020- DHD_cat S DHD_cat
(6] 020~
© <= 13.5years = <= 13.5years
Qo Qo
£ =135years £ =13.5years
w ()
(8] (4]
(=] o
& 0.15 &
s §0.15-
© ©
o o
Fs
1 L} 1 L} 1 ' ' il
0 10 20 30 0 10 20 30
Duration of Abstinence (years) Duration of Abstinence (years)
Interaction in Dorsal Striatum
. ® .
10- * 4 ) -
10- 4
‘ L]
% A g 2 -
[}
14 14
50 £
2 DHD_cat @ 09 DHD_cat
5 <=135years g <= 13.5years
o ®
= >13.5 years = =135 years
w ) wn
@ g o8-
o
a a
0.7-

10 20 30
Duration of Abstinence (years)

0

10 20 30
Duration of Abstinence (years)

0

194



Figure 1.3 Regression lines representing significant interactions between Duration of Heavy Drinking and Duration of
Abstinence in BRS volumes.

The volume of total ratio and left ratio of the parahippocampal gyrus (top) and the volume of the total ratio and the
right ratio of the dorsal striatum (bottom) among AUDm and AUDw. The median number of years abstinence was 13.5.

144
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Discussion

Although the association between AUD behaviors and various measures of the
BRS have been well-documented, there has been relatively little attention devoted to
whether or how these measures potentially differ with respect to varying DOA.
Therefore, the main purpose of this study was to determine the nature and extent of the
morphological “recovery” of the BRS and its subregions, as indicated by a volumetric
profile that potentially characterizes AUDm and AUDw with various lengths of
abstinence from alcohol. In particular, we aimed to describe volumetric differences that
correspond to well-known recovery milestones (i.e., short-term abstinence (< one year),
mid-term abstinence (> one year, < five years), and long-term abstinence (> five years)).
The primary findings from this study were as follows: (1) There was significantly less
volume in the total and right anterior insular cortex in the AUD group, relative to the NC
group; (2) the entire posterior insula was significantly larger in the short-/mid-term
abstainers, relative to the NC group; (3) the volume of the total and left anterior cingulate
cortex was significantly smaller in the long-term abstainers, relative to the NC group; (4)
the volume of the left posterior cingulate cortex was significantly smaller among the
long-term abstainers, relative to the short-/mid-term abstainers; (5) compared to the
AUDm with long-term abstinence, the AUDw with the same abstinence duration had
significantly larger volume of the total and left VDC and significantly higher volume in
the right posterior insula; (6) volume in the entire dorsal striatum of the AUDw decreased
more rapidly than in the AUDm; (7) for each year of abstinence, the AUDw had

significantly higher volume in the entire temporal pole, in addition to higher volume in
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the right anterior insula, compared to the AUDm. In what follows, we discuss each of
these findings.

Because their different behavioral profiles are fundamentally representative of
differences in motivational processing and inhibitory control, which are expected to be
represented by structural and functional differences, especially at the level of the BRS
and its subregions, we anticipated that there would be morphological differences between
the AUD and NC groups. The primary regional difference that we detected between these
groups were volumetric deficits among the AUD group in the total and right anterior
insula, a cortical region that integrates gustatory and olfactory networks, and the brain’s
multimodal network, which assimilates visual, auditory, and somatosensory networks,
thereby creating a multisensory representation and experience of the body in the world
and facilitating essential crosstalk between cognition and feeling (Barrett & Simmons,
2015; Damasio & Carvalho, 2013). Structural abnormalities in this region have been
associated with various psychiatric conditions, including mood disorders (Goodkind et
al., 2015), which might underlie the motivational abnormalities characteristic of the AUD
group in our study (see Chapter Two), in addition to the sex differences in these
abnormalities (also Chapter Two), which may be represented anatomically by the
significantly larger volume in the right anterior insula among the AUDw, relative to the
AUDm.

Although the clinically relevant behaviors of AUD individuals (e.g., DHD, DD,
associated behaviors) differed significantly from those of the NC group during active

addiction, this difference is eliminated upon the onset of abstinence. Yet, AUD
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individuals within short-/mid-term abstinence are at an increased risk of becoming re-
involved with alcohol, relative to NCs, whereas this risk for reinstatement becomes
negligible following the transition to long-term abstinence (Dawson et al., 2015; Dennis
et al., 2007; Grant et al., 2016; Kelly et al., 2018; White, 2012). This difference in risk
profile between the short-/mid-term and long-term abstainers suggests that, although
current drinking behaviors are equivalent (both groups are abstinent), motivational
influences are not. Something relevant to motivation either changes over the course of
continued abstinence, or it differs categorically between those who tend to relapse and
those who do not. We propose that at least part of the motivationally relevant story can be
told in terms of differences or changes in the BRS. Therefore, we expected to observe
instructive volumetric differences between the short-/mid-term abstainers and the NCs
that would be undetectable between the long-term abstainers and the NCs. Interestingly,
we found that short-/mid-term abstainers had significantly higher posterior insula volume
than the NCs, whereas no such difference was found in this region among the long-term
abstainers. Given that the posterior insula is essential to the integration of homeostatic
interoceptive inputs from the body (Barrett & Simmons, 2015; Touroutoglou et al.,
2019), which are intrinsic to motivational processes, it is not surprising that there would
be regional abnormalities among the short-/mid-term abstainers. However, the direction
of this abnormality is somewhat surprising in light of findings from other studies of AUD
individuals that tend to show volumetric deficits in this region among short-term
abstainers (Durazzo et al., 2010; Durazzo et al., 2011; Makris et al., 2008; Zou et al.,

2018), which tend to increase with continued abstinence. Part of the reason for the
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difference in our findings and those of the previous studies may be attributable to the fact
that most studies only considered relatively short DOA (< one year), and those studies
that considered longer DOA did not control for factors that may have had a bearing on
the effect of DOA, such as measures of drinking severity (e.g., DHD, and DD). Sex
differences were detected in relation to DOA and posterior insular volume, with the long-
term AUDw abstainers having greater volume in the right side of this region than the
AUDm with the same abstinence — a morphological difference that may be associated
with motivational differences (observed between the sexes in general) and (especially in
relation to AUD relapse risk).

A related finding was observed within the ACC, with long-term abstainers having
significantly lower volumes in the total and left ratios of this region, relative to the NCs.
Numerous neuroimaging studies suggest that the ACC likely plays a central role in
integrating motor and visceromotor signals to motivate behavior, as it links regions
important for motor (e.g., supplementary motor area) and visceromotor functions (e.g.,
anterior insula), in addition to reward (e.g., basal ganglia), attention (e.g., supramarginal
gyrus), and effort (e.g., DLPFC) (Touroutoglou et al., 2019). Moreover, evidence from a
number of sources indicates that structural and functional integrity of the ACC,
characterized in part by greater gray matter volume, is associated with the personality
trait of tenacity, that is, behavioral persistence and intentional (willful) effort to succeed
(Mulert et al., 2005; Touroutoglou et al., 2019; Van Schuerbeek et al., 2011).

With this evidence in mind, it remains difficult to interpret the present

neuroimaging-based findings. Overall, the pattern of observed differences may represent
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an increased risk for relapse, inasmuch as the tendency to become re-involved with a
substance, even after prolonged periods of abstinence, may be understood as its own type
of tenacity (e.g., refusal to “quit”). On the other hand, given the cross-sectional nature of
the data, it may be just as likely that this trait is predictive of who will remain abstinent in
the face of intense challenges to suppress the addictively conditioned behavioral response
for exceedingly lengthy durations. However, the significantly lower total and left ACC
volume in the long-term abstainers, relative to the NCs, indicates that higher volume of
this region is not associated with lengthier DOA, and, therefore, that the additional effort
required to maintain abstinence may be attributable to some other compensatory cortical
resources.

We have already mentioned some of the sex differences detected among our
findings. A few studies have previously observed sexual dimorphism in relation to
abstinence from alcohol with respect to the BRS in general. For instance, Sawyer et al.
(2017) found that abstinent AUDw had higher total BRS volume than AUDm, and
suggested that this difference is likely to have some bearing upon the difference in
motivational influences between the sexes. Our findings provide a nuanced interpretation
of these sex differences in that they potentially reflect important neural correlates of these
motivational differences in the context of varying DOA. For example, in our data, a
significant sex interaction was detected in relation to the volume of the entire dorsal
striatum, which decreased with continued abstinence more rapidly among the AUDw
than the AUDm. Again, this volumetric difference may be indicative of motivational

differences between the sexes (Mosher Ruiz et al., 2017), as evidence suggests that this
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region contributes directly to decision-making, the integration of cognitive-affective
information, and the translation into goal-directed action and selection of actions on the
basis of their currently expected reward value (Balleine et al., 2007). Such sex differences
in motivation might also be explainable by recourse to the relatively higher volume of the
entire temporal pole that was observed among AUDw with continued abstinence.
Atrophy of the temporal poles, especially the right side, is associated with profound
changes to personality, affective regulation, and social behavior (Olson et al., 2007).

In summary, the pattern of results from our data suggests that volumetric
differences of the BRS and its subregions are associated with varying DOA, and that this
association may have specific motivational implications by virtue of the known

functional relevance of the structures in which we observed such differences.

Limitations

All of these findings should be considered in light of several significant
limitations of this study. First, the sample may have been underpowered to detect all of
the potentially statistically significant volumetric differences present in the BRS.
Similarly, the sample might not be representative of all “types” of people who are able to
recover from AUDs. That is, many individuals who have recovered or resolved an AUD
problem can be regarded as “high-functioning” and may have never suffered the loss of
their employment or other financial/social resources, while others go on to procure these
resources with continued time in recovery. Thus, many of these recovering individuals

are unmotivated by the money offered to participate in a research study, or they cannot
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spare the time required to participate, frequently because their lives have become full due
to recovery. Therefore, it remains to be seen precisely how representative of the entire
recovering population the participants of this study were. By the same token, it is unclear
how representative the sample from this study is of the larger national AUD population
inasmuch as selection for participation was limited to Boston, MA and its environs, an
area which is characterized by a higher average 1Q and level of education than that of the
U.S. national averages (Kanazawa, 2000).

Other limitations of the study were methodological. For example, due to the
cross-sectional and correlational nature of the data, we can only detect interindividual
differences, rather than intraindividual changes in volumetric measures associated with
DOA. Therefore, caution should be taken in extrapolating conclusions about such
changes. Further, the results may have been influenced by factors not assessed in this
study, which might have had an effect on regional volumetric differences and DOA.
Examples of potential influences include, but are not limited to personality traits,
diet/nutrition, exercise, subclinical liver dysfunction, genetic predispositions,
nonpharmacological therapeutic influences (e.g., psychotherapy, MHO activity), and
other non-drug (behavioral) addictions, all of which might have had an effect on regional
volumetric differences and DOA.

Lastly, most discussions centering on the subject of motivation within the context
of addictive disorders tend to presuppose that motivation is primarily relevant to
addictive involvement with a substance or activity, and, in the context of abstinence, to

the tendency to relapse. However, it is worth noting that the constructs of motivation and
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reward are just as relevant to the behavior of remaining abstinent. As mentioned from the
outset, abstinence is commonly an intentional behavior, inasmuch as it represents willful
inhibition of strongly conditioned (addictive) behaviors for the sake of attaining some
reward (e.g., affective homeostasis) or avoiding certain consequences, however distally
represented. Therefore, we suggest the possibility that some of our findings, particularly
those relevant to the long-term abstainers, may characterize volumetric correlates of
differences in the motivation to remain abstinent, rather than becoming re-involved with
alcohol. For those who are actively intending to abstain, increased cortical resources are
likely required either to inhibit the behavior and/or to process affective dysregulation that
motivates the reward/relief-seeking behavior. Because there was no consideration of
whether abstinence was intentional or incidental, as is commonly the case for those who
“age out” of their addictions (Lopez-Quintero et al., 2011; White, 2012), we strongly
advise caution in drawing inferences concerning the “cause” of the volumetric
differences we have detected, particularly among the long-term abstainers. It cannot, for
example, be assumed that these differences simply are the result of eliminating exposure
to alcohol. Certainly, removal of ethanol and its metabolites will be associated with
reversal of the neurotoxic insult to the effected regions, but this can hardly be the whole
story, especially among those who have, on average, consumed less alcohol than the NC

group over a considerable period of time.
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Conclusion

Results of this study suggests that something neurologically relevant to
motivation either changes over the course of continued abstinence, or it differs
categorically between those who tend to relapse and those who do not. In this study, we
have established categorical volumetric differences with respect to short-/mid-term and
long-term abstinent AUDw and AUDm, which we regard as a proxy for the neural
changes that are likely to occur if abstinence is maintained. Future research is needed to
substantiate this inference and to determine whether and/or which neurological changes

are possible through long-term abstinence.



54

CHAPTER 2

DURATION OF ALCOHOL ABSTINENCE AND AFFECTIVE STATES

Introduction

Alcohol use disorders (AUDs) are associated with changes in affective states,
such as core affect, emotion, and mood. Chronic heavy alcohol consumption has been
shown to be both a cause (Koob, 2013) and a consequence (Carpenter & Hasin, 1999) of
negative affective states in addition to being related to emotional processing
abnormalities (Cooper et al., 1995; Sawyer et al., 2019). Alcohol abuse and dependence
also frequently co-occur with negative moods (e.g., depression), as well as mood
disorders, such as Major Depressive Disorder and Bipolar Disorder (Grant et al., 2004).

Few studies have examined the extent to which these negative affective states
change with abstinence from alcohol, or whether different affective state valences are
correlated with different durations of abstinence (DOA). The studies that have been
conducted on this subject have shown mixed results. For example, some studies suggest
that early (three to six weeks) and protracted (greater than three months) abstinence are
associated with increases in negative affective states (Breese et al., 2005; Heilig et al.,
2010; Heinz et al., 2003), while others have shown that negative affective states tend to
improve after about one month of abstinence from alcohol (Brown, Inaba, et al., 1995;
Brown & Schuckit, 1988), a period of time that generally characterizes the withdrawal
stage of the addiction cycle (Koob et al., 2014). Importantly, most of those studies tended
to focus on relatively short DOA that occurred within the context of a residential

treatment milieu. A search of the literature has revealed scant research that considers the
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association between long-term abstinence (greater five years) and affective states (Moos
& Moos, 2003; Moos & Moos, 2006).

The question addressed in the present study is: Are different DOA associated with
different affective states valences? To answer this question, we examined the extent to
which different types of affective states, as measured by multiple profiles, are associated
with varying DOA among abstinent men and women with AUD. The risk of
reinstatement of AUDs among individuals with alcohol and other drug problems drops to
the level of the general population at approximately five years of continuous remission
(Dawson et al., 2015; Dennis et al., 2007; Grant et al., 2016; Kelly et al., 2018; White,
2012). Furthermore, extant evidence suggests that AUD individuals engage in drinking
patterns to escape or cope with negative affective states (Carpenter & Hasin, 1999;
Greenfield et al., 2012; Khantzian, 1997). Therefore, we hypothesized that short-term
abstinence (one year or less) and mid-term abstinence (between one and five years) will
be associated with higher negative affective states and lower positive affective states than
long-term abstinence (greater than five years). Further, since sex differences have been
observed with respect to drinking motives among AUD individuals (Mosher Ruiz et al.,
2017), we hypothesized that such differences will be detected with respect to affective

states over the course of abstinence.

Materials and Methods
The Methods described in the present chapter are the same as those in Chapter 1,

with the exception of what follows.
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Measures of Affective States
Negative and positive affective states were assessed through several multi-item
measures of distinct affect, distinct mood states, and specific emotions over varying

durations of time.

Negative Affective States. ~ The Multiple Affect Adjective Check List (MAACL)
(Zuckerman & Lubin, 1965) was used to evaluate negative affective states. For this
measure, participants are asked to select from a list of 132 adjectives that may relate to
how he/she is feeling on the day of the assessment, including in the present moment.
Negative affective states are categorized into anxiety (e.g., afraid, fearful, frightened,
panicky, shaky, and tense), depression (e.g., alone, destroyed, forlorn, lonely, lost, and
miserable), and hostility (e.g., annoyed, critical, cross, cruel, and disagreeable).
“Dysphoria,” as measured by the MAACL, represents a composite of the other individual
measures of negative affect.

Negative mood states were evaluated using the Profile of Mood States (POMS)
(McNair et al., 1971) The POMS measures six different dimensions of mood swings over
a period of time, including Tension-Anxiety, Anger-Hostility, Fatigue-Inertia,
Depression-Dejection, and Confusion-Bewilderment. Participants are asked to rate their
mood over the past week using a five-point Likert Scale, ranging from zero (not at all) to
four (extremely). Total Mood Disturbance (TMD), which refers to a global indicator of
emotional disturbance or psychological distress, is calculated by summing the scores

from the other five independent measures of negative mood.
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The severity of depressed mood was evaluated using the Hamilton Rating Scale
for Depression (HRSD) (Hamilton, 1960). HRSD scores of eight, 16, and 25 or above
indicate mild, moderate, or severe depression, respectively (Zimmerman et al., 2013).
Participants were presented with a series of questions related to affective and somatic
indices of depression and anxiety relevant to the past two weeks, which require the

assessment and interpretation of a trained scale administrator to score.

Positive Affective States. The MAACL (Zuckerman & Lubin, 1965) also was used to
evaluate positively valenced affective states of low arousal (e.g., happy, joyful, and
pleasant), as well as a positive level of activation (e.g., adventurous, daring, and
energetic). Together, these scales compose the “Positive Affect Sensation Seeking”
measure on the MAACL.

The POMS measure of Vigor-Activity (e.g., lively, active, energetic, alert, full of

pep, carefree, and vigorous) also was used as a proxy for positive affective states.

Statistical Analyses
Descriptive statistics were generated to characterize the means and standard
deviations of demographic, drinking/recovery, neuropsychological variables, and
measures of affective states, stratified by AUD status and sex. Independent sample t-tests
were employed to identify any significant differences between AUD and NC groups, as
well as between subgroups of AUDw and AUDm, and between NCw and NCm. There

were two primary analyses using multivariable linear regressions: (1) one examined the
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association between DHD, DD, and measures of negative and positive affective states,
and were adjusted for the covariates of age, education, and verbal 1Q (VIQ), and (2)
another assessed the association of DOA and measures of negative and positive affective
states in AUD individuals only, while adjusting for age, education, VIQ, DHD, DD, and
included an interaction term for sex and DOA. DOA was operationalized two different
ways in two separate regressions: (1) as a continuous variable and (2) as a dichotomous
variable, dichotomized into < five years and > five years. We reported the beta estimates
and their corresponding 95% confidence interval as a measure of the strength of
association. LOWESS curves also were created to visualize a smooth line through the
relationship of DOA and measures of affective states for the whole sample and broken
down by sex. In addition, significant interactions between any measures of affective
states and DOA were plotted to visualize sex differences. For all analyses, the
significance level was set at 0.05 and the analyses were conducted in RStudio version

1.2.1335 (R Development Core Team, 2019).

Results

Participants
Participants for this study were the same as those for the previous study (Chapter

1; see Table 1.1).
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Affective States

Table 2.1 provides data on the same univariate associations as those for the
previous study, and it shows relationships among affective states between group (AUD
vs. NC) and sex (men vs. women). Whereas the NCw reported higher positive affective
states than the NCm on all four measures employed, only MAACL Positive Affect was
higher among AUDw, relative to AUDm. There were no within group sex differences on
measures of negative affective states in either the NC or the AUD groups. However,
relative to the NC group, the AUD group had higher POMS Mood Disturbance, POMS
Anger, POMS Confusion, POMS Depression, POMS Fatigue, POMS Tension, HRSD,
and POMS Vigor. Examination of within sex differences revealed that, compared to the
NCw, the AUDw had higher scores on POMS Mood Disturbance, POMS Confusion,
POMS Tension, HRSD, MAACL Sensation Seeking, and POMS Vigor, whereas the
AUDm scored higher on POMS Mood Disturbance, POMS Anger, POMS Depression,

and HRSD.



Alcohol Use Disorder (AUD) P-value Normal Control (NC) Povalue P-value Povalue Povalue
Women (n=30) Men (n=30) (AUDw vs Women (n=31) Men (n=29) (NCwvs | (AUDwyvs | (AUDmvs | (AUD vs
Mean SD Mean SD AUDm) Mean SD Mean SD NCm) NCw) NCm) NO)
Measures of Affective States
Negative Affective States
MAACL' Dysphoria
(Composite) 50.03 20.68 46.14 15.35 0.419 45.68 17.15 4239 5.98 0.323 0.38 0.230 0.179
MAACL Anxiety 48.55 15.16 46.14 11.09 0.492 45.61 14.27 43.61 6.29 0.482 0.44 0.293 0.238
MAACL Depression 54.28 25.16 53.76 26.43 0.939 48.52 14.64 46.43 7.18 0.484 0.29 0.160 0.082
MAACL Hostility 47.07 9.52 44.86 7.31 0.327 46.26 11.49 4336 3.15 0.185 0.77 0.317 0.495
POMS’ Mood
Disturbance
(Composite) 146.24 45.10 149.00 40.68 0.806 120.45 3233 130.71 2322 0.164 0.01 0.039 0.001
POMS Anger 43.07 6.71 43.10 7.65 0.987 40.26 473 39.79 372 0.670 0.07 0.040 0.006
POMS Confusion 41.41 8.17 41.73 8.01 0.880 36.77 5.67 38.46 6.16 0.279 0.01 0.086 0.003
POMS Depression 39.00 7.92 41.80 7.67 0.174 35.68 5.83 37.43 3.73 0.171 0.07 0.008 0.002
POMS Fatigue 44.07 9.00 4527 8.27 0.597 41.10 7.03 4232 5.16 0.446 0.16 0.108 0.032
POMS Tension 38.55 9.23 3823 7.19 0.883 33.61 6.62 35.04 5.47 0.370 0.02 0.061 0.003
Hamilton® 3.45 3.77 3.97 470 0.641 1.52 229 0.86 1.15 0.164 0.02 0.001 0.000
Positive Affective States
MAACL Positive Affect
Sensation Seeking
(Composite) 61.03 8.70 57.55 6.92 0.098 63.52 7.62 58.61 6.30 0.009 0.25 0.549 0.186
MAACL Positive Affect
64.07 9.22 58.86 6.27 0.015 64.84 7.68 60.82 6.97 0.040 0.73 0.270 0.318
MAACL Sensation
Seeking 51.28 6.58 51.76 8.54 0.810 55.74 6.31 50.39 7.36 0.004 0.01 0.520 0.222
POMS Vigor 59.86 11.52 61.13 9.70 0.649 66.97 9.17 62.32 7.23 0.034 0.01 0.597 0.018

Table 2.1 Relationship Between Measures of Affective States, Groups, and Sex in Sample.

Mean and standard deviation (SD) are presented for AUD and NC men and women separately. The p-value of the mean differences are

presented.

Effects significant at p < 0.05 are in bold.
? Multiple Affect Adjective Checklist

b Profile of Mood States

¢ Hamilton Rating Scale for Depression

09
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Duration of Abstinence and Affective States

A multivariable linear regression analysis (Tables 2.2 and 2.3) was used to assess
the relationship between DOA (independent variable) and measures of affective states
(dependent variable). The regression equation contained age, education, VIQ, DHD, and
DD as covariates. The results revealed that, relative to the NC group, the AUD group
reported significantly higher POMS Mood Disturbance, POMS Anger, POMS Confusion,
POMS Depression, POMS Tension, and HRSD. The AUDw reported significantly higher
MAACL Positive Affect and MAACL Sensation Seeking in association with DOA,
relative to the AUDm. No differences were detected in the effect of DOA between the
AUDw and the AUDm except for the MAACL Positive Affect, which remained higher
among the AUDw, relative to the AUDm, after five years of abstinence. However, when
comparing the effect of long-term abstinence on affective states with the effect of short-
/mid-term abstinence on affective states, significant sex interactions were observed. The
AUDw reported lower scores on the MAACL Dysphoria, MAACL Depression, and
MAACL Anxiety associated with the longer DOA, but the AUDm showed the opposite
effect. These significant sex interactions are also shown in Figure 2.1. When DHD was

assessed, there were no significant associations or interactions.



Alcohol Use Disorder

Duration of abstinence
(categorical)"

4.23 (-1.81-10.28)

2.84 (-1.85-7.53)

6.29 (-1.3-13.89)

1.39 (-1.88-4.65)

18.98 (5.39-32.57)

3.05 (0.81-5.29)

3.4 (0.75-6.05)

3.4 (0.91-5.88)

246 (-0.36-5.29)

3.54 (0.84-6.25)

Measures of Negative Affect (B, 95% CI)
POMS Mood
MAACL Dysphoria . . . " " . . . o R "
§ MAACL Anxiety | MAACL Depression | MAACL Hostility Disturbance POMS Anger POMS Confusion | POMS Depression | POMS Fatigue POMS Tension Hamilton
(Composite) y N
(Composite)
Whole Sample (n=120)
Alcohol Use Disorder (n=60)"
Normal control ref ref ref ref ref ref ref ref ref ref ref

2.43 (1.19-3.67)

Sex and duration of abstinence
(categorical) interaction

Male

Female

ref

-27.22 (-49.77- -4.68)

ref

-17.29 (-33.74- -0.85)

9.45 (-7.84- 26.75)

ref

-38.23 (-70.92- -5.55)

2.75(-2.78- 8.28)

ref

-6.46 (-16.92- 3.99)

6.46 (-21.9- 34.82)

ref

-15.32 (-66.29- 35.66)

052 (-4.44- 5.48)

ref

-0.77 (-9.68- 8.15)

0.8 (-4.67- 6.27)

ref

-0.59 (-10.43- 9.24)

-0.85 (-6.08- 4.38)

ref

-3.74 (-13.15- 5.66)

-1.03 (-6.78- 4.72)

ref

0.79 (-9.55- 11.12)

1.68 (-3.97- 7.33)

ref

-1.72 (-11.87- 8.44)

Normal controls ref ref ref ref ref ref ref ref ref ref ref
<=5 years 5.23 (-1.65-12.1) 3.63 (-1.86-9.12) 7.02 (-0.69-14.73) 1.73 (-2-5.46) 27.8 (11.56-44.04) 4.28 (1.58-6.98) 5.16 (2.28-8.04)  3.97 (0.62-7.31) 5.06(1.85-8.26)  3.34 (2.04-4.65)
Duration of abstinence
(categorical)®
Normal controls ref ref ref ref ref ref ref ref ref ref ref
> 5 years 4.36 (-3.45-12.18) 2.73(-3.41-8.87) 8.22(-1.48-17.91) 1.4 (-3.52-6.32) 6.37 (-8.48-21.21) 1.62 (-0.65-3.88) 1.99 (-1.26-5.24) 1.25 (-1.55-4.06) 0.48 (-2.88-3.83) 1.45 (-1.71-4.6) 1.56 (0.14-2.98)
Only Alcohol Use Disorder (n=60)
Duration of abstinence
(categorical)”
<=5 years ref ref ref ref ref ref ref ref ref ref ref
> 5 years 13.72 (-4- 31.44) 6.86(-6.07-19.78)  23.72(-1.97-49.41) 423 (-3.99-12.44) -16.92(-55.55-21.71) -2.73(-9.48-4.03)  -2.32(-9.77-5.13)  -187(:9-525)  -4.3(-12.14-3.53) -3.79(-1149-3.9)  -1.55(-5.55- 2.44)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 10.45 (-1.47- 22.38) 7.41(-1.29- 16.12)

-0.04(-2.97-2.9)

ref

0.26 (-5.02- 5.53)

Duration of abstinence (years)”

Sex

Male

Female

Sex and duration of abstinence
(vears) interaction

Male

Female

0.18 (-0.68- 1.05)

ref

7.76 (-4.42- 19.94)

ref

-0.82 (-1.9- 0.26)

0.04 (-0.58- 0.67)

ref

5.72(-3.07- 14.51)

ref

-0.55 (-1.34- 0.23)

023 (-1.03- 1.5)

ref

5.15 (-12.61- 22.9)

ref

-0.95 (-2.53- 0.63)

0.14 (-0.24- 0.53)

ref

2.93 (-2.53- 8.4)

ref

-0.31(-0.8- 0.17)

-1.26 (-3.28- 0.76)

ref

0.01 (-28.17- 28.19)

ref

0.04 (-2.5- 2.57)

-0.23 (-0.58- 0.11)

ref

-0.24 (-5.08- 4.6)

ref

0.07 (-0.37-0.5)

-0.21 (-0.59- 0.18)

ref

0.18 (-5.15- 5.52)

ref

0.06 (-0.42- 0.54)

-0.25 (-0.62- 0.12)

ref

-2.29 (-7.43- 2.86)

ref

0.02 (-0.44- 0.48)

-0.37 (-0.77- 0.03)

ref

-2.28 (-7.83- 3.28)

ref

023 (-0.27- 0.73)

-0.21 (-0.61- 0.19)

ref

1.12 (-4.47- 6.71)

ref

-0.04 (-0.54- 0.46)

-0.19 (-0.39- 0)

ref

-0.16 (-2.93- 2.61)

ref

0.05 (-0.2- 0.3)

Duration of heavy drinking (years)®

Sex

Male

Female

Sex and duration of heavy drinking
(vears) interaction

Male

Female

041 (-0.5-133)

ref

16.5 (-6.42-39.41)

ref

-0.94 (-2.34-0.47)

0.39 (-0.28-1.05)

ref

8.77 (-7.91-25.44)

ref

0.4 (-1.46-0.58)

0.6 (-0.72-1.91)

ref

21.43 (-11.55-54.41)

ref

-1.5 (-3.52-0.51)

-0.1(-0.51-0.31)

ref

4.92 (-5.41-15.25)

ref

-0.27 (-0.9-0.37)

0.89 (-1.2-2.97)

ref

29.43 (-22.4-81.26)

ref

2,02 (-5.22-1.18)

0.1(-0.26-0.45)

ref

6.57 (-2.25-15.39)

ref

-0.44 (-0.99-0.1)

031 (-0.09-0.7)

ref

5.98 (-3.85-15.

ref

-0.38 (-0.98-0.23)

02(-0.17-0.58)

ref

4.9 (-4.45-14.25)

ref

-0.49 (-1.07-0.09)

0.15 (-0.27-0.56)

ref

5.52(-4.75-15.79)

ref

-0.44 (-1.08-0.19)

0.13 (-0.29-0.55)

ref

5.4 (-4.91-15.79)

ref

-0.32 (-0.96-032)

0.13 (-0.07-0.34)

ref

3.84(-121-8.9)

ref

-0.26 (-0.57-0.06)

Table 2.2 Adjusted Linear Regression of the Effect of History of AUDs on Measures of Negative Affective States.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.
* Adjusted for age, education, and VIQ

> Adjusted for age, education, VIQ, DHD, and DD

¢ Adjusted for age, education, VIQ, DOA, and DD
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Measures of Positive Affect (B, 95% CI)

MAACL Positive Affect

Alcohol Use Disorder

Duration of abstinence
(categorical)”

Normal controls

<=5 years

Duration of abstinence
(categorical)”

Normal controls

> 5 years

-2.14(-5.07-0.78)

ref

-2.44 (-5.86-0.98)

ref

-1.91 (-6.01-2.19)

-1.41 (-4.41-1.59)

ref

-1.97 (-5.46-1.51)

ref

-0.99 (-5.18-3.2)

-2.22(-5.05-0.61)

ref

-1.96 (-5.27-1.35)

ref

-2.18 (-6.29-1.93)

Sensation Seeking MAACL Positive Affect | MAACL Sensation Seeking POMS Vigor
(Composite)
‘Whole Sample (n=120)
Alcohol Use Disorder (n=60)"
Normal control ref ref ref ref

-3.13 (-6.68-0.42)

ref

-4.89 (-9.06--0.72)

ref

0.41 (-4.01-4.84)

Only Alcohol Use Disorder (n=60)

Duration of abstinence
(categoric al)"

<=5 years

> 5 years

Sex

Male

Female

Sex and duration of abstinence
(categorical) interaction

Male

Female

ref

-1.51 (-9.48- 6.45)

ref

5.33(-0.03- 10.7)

ref

0.05 (-10.09- 10.18)

ref

-2.48 (-10.63- 5.66)

ref

6.07 (0.59- 11.55)

ref

2.05 (-8.31- 12.41)

ref

1.11 (-6.45- 8.68)

ref

2.27(-2.83-7.36)

ref

-3.43 (-13.05- 6.2)

ref

1.91 (-7.55- 11.37)

ref

-5.35 (-12.29- 1.6)

ref

9.28 (-3.21- 21.76)

Duration of abstinence (years)"

Sex

Male

Female

Sex and duration of abstinence
(years) interaction

Male

Female

-0.07 (-0.44- 0.29)

ref

7.16 (2.02- 12.3)

ref

-0.28 (-0.74- 0.18)

-0.09 (-0.47- 0.3)

ref

7.56 (2.19- 12.92)

ref

-0.14 (-0.62- 0.34)

-0.01 (-0.35- 0.33)

ref

3.88 (-0.93- 8.68)

ref

-0.39 (-0.82- 0.04)

0 (-0.52- 0.51)

ref

-3.51(-10.67- 3.64)

ref

0.3 (-0.34- 0.95)

Duration of heavy drinking (years)*

Sex

Male

Female

Sex and duration of heavy drinking
(years) interaction

Male

Female

-0.18 (-0.56-0.2)

ref

-0.52 (-10.1-9.05)

ref

0.41 (-0.17-1)

-0.16 (-0.55-0.23)

ref

-0.22 (-10.06-9.62)

ref

0.48 (-0.13-1.08)

-0.17 (-0.54-0.2)

ref

0.5 (-9.77-8.77)

ref

0.14 (-0.43-0.71)

0 (-0.54-0.55)

ref

-1.03 (-14.51-12.46)

ref

-0.04 (-0.88-0.79)

Table 2. 3 Adjusted Linear Regression of the Effect of History of AUDs on Measures of Positive

Affective States.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, and VIQ
> Adjusted for age, education, VIQ, DHD, and DD
¢ Adjusted for age, education, VIQ, DOA, and DD
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Figure 2. 1 Regression lines representing significant sex interactions between affective measures and duration of abstinence for AUD men and

women.

With increasing duration of abstinence, higher scores on negative affective measures (MAACL Dysphoria, MAACL Anxiety, MAACL
Depression) were observed for AUDmen, but lower scores were observed for women. Results did not change when outliers were removed.

v9



65

We plotted Locally Weighted Scatterplot Smoothing (LOWESS) curves (Figure
2.2) for the standardized composite measures of affective states relative to DOA among
those who have AUDs. During the early years of abstinence (< five years), there was a
steady decrease in the positive affective variables (MAACL PASS and POMS Vigor),
and a steady increase of negative affective variables (MAACL Dysphoria, POMS Mood
Disturbance, and HRSD). Beyond five years of abstinence, the measures of positive
affective states increased before stabilizing, while the negative affective variables
continually decreased. All individual standardized measures of positive affective states
(i.e., MAACL Positive Affect, MAACL Sensation Seeking, POMS Vigor) and negative
affective states (i.e., MAACL Anxiety, MAACL Depression, MAACL Hostility, POMS
Anger, POMS Confusion, POMS Depression, POMS Fatigue, POMS Tension, and
HRSD) were plotted separately, and all measures had similar curves over the DOA. In
addition, the LOWESS curves for all measures corresponded similarly to the composite
measures.

We also plotted LOWESS curves for the standardized individual measures and
composite measures of affective states relative to DOA in relation to sex among the AUD
group. Whereas the AUDw reported an increase in negative affective states during the
early years of abstinence (< five years), the AUDm reported a decrease in the same
period until approximately three years of abstinence. Subsequently, negative affective
states tended to decrease in the AUDw and increase in the AUDm. There was greater
variability among both AUDw and AUDm with respect to affective states with increasing

DOA (i.e., beyond 10 years). In measures of positive affective states, a somewhat
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predictable trend emerged for the AUDw, with a decline that lasted for approximately the
same amount of time than the increase in negative affective states did. In the AUDm,
there was less correspondence between the self-report of positive affective states and
negative affective states during the early phases of abstinence, but a general upward trend

emerged among positive affective states after approximately 10 years of abstinence.
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Discussion

Although the association between the various phases of AUDs (i.e.,
preoccupation, intoxication, and withdrawal) and affective states has been well-
documented (Koob, 2013; Koob et al., 2014; Volkow et al., 2016), there has been
relatively little attention devoted to whether or how these addiction-related and/or
baseline affective states potentially relate to prolonged abstinence. Of the few studies that
have considered this association, most have focused on changes that occur within the first
year of abstinence (Brown, Inaba, et al., 1995; Brown & Schuckit, 1988). Therefore, the
primary aim of the present study was to examine whether differences in DOA were
associated with differences in the valence of affective states in abstinent AUD
individuals.

While there was no significant difference between the short-/mid-term abstainers
and the long-term abstainers as a whole, when sex differences were accounted for, a
significant difference was observed between AUDm and AUDw, with the AUDw, but not
the AUDm, exhibiting improvements on measures of affective states with continued
DOA. There were significant differences between the short-/mid-term abstainers and the
NC group on measures of both positive and negative affective states, but no such
difference appeared between the long-term abstainers and the NCs, except on the HRSD.
Interestingly, no difference was found between the short-/mid-term abstainers and the
NCs on any of the MAACL measures, which is suited to detect transient affective
experiences, whereas all of the significant affective differences were revealed through the

POMS and the HRSD, which are suited to detect stable affective traits. Perhaps this
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divergence hints at an important differentiation between the AUD individuals and the
NCs with respect to their experiences of episodic affective states versus their experience
of affective tendencies over time. In any event, the pattern of results suggests that
affective tendencies may return to normal (recover) through long-term abstinence. Of
course, the cross-sectional nature of the study design warrants caution in attaching too
much significance to this conclusion, as it may just as well be the case that long-term
abstinence is possible for some individuals precisely because their affective traits were
within the normal limits.

A related finding also reveals an important and instructive trend in the trajectory
of continued abstinence, namely, that affective states appear to get worse before they get
better. More specifically, we found that negative affective states increase and positive
affective states decrease steadily following the onset of abstinence initially up until
during the first couple of years of abstinence, after which the trend appears to reverse.
This finding resembles the finding of Kelly and colleagues (Kelly et al., 2018), with the
exception that their results showed that indices of psychological well-being decreased
and psychological distress increased only through the first year of abstinence, and
reversed thereafter. Apart from the timing of this reversal, which appears more distally in
our study, this finding is fairly consistent with the results of the Kelly study. The
divergence may be attributable to the fact that the Kelly study included a wider array of
substance misusers (e.g., cannabis, alcohol, opioids, stimulants), and the effects of
abstinence from substances other than alcohol upon affective states may follow a

different course, particularly through short-term abstinence. Another reason for the
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divergent findings may have been the numerous measures of negative affective states our
study employed, which might have captured types of affective experiences that may be
less responsive to simple abstention (i.e. the removal of the intoxicant) and more
responsive to diverse and nuanced “life” issues. For example, it is known that early
abstinence from addictive involvement (one to three months) is characterized by negative
affect, an experience that is correlated with the hypodopaminergic state that accompanies
cessation of exposure to highly rewarding substances such as alcohol (Koob et al., 2014).
However, other negative affective states, such as anxiety and depression may not be
related to the absence of an intoxicant, but rather, to the absence of one’s family, or job,
or sense of purpose/self, etc. — all of which commonly accompany addictive disorders
and frequently take longer to gain/regain, once the process of recovery has commenced.
Nevertheless, the insight that life events (and feelings) may have to get worse before they
get better, but that they likely will get better if abstinence is maintained, is confirmed by
both studies.

Finally, we detected sex differences in the association between DOA and affective
states. Our results, which also complemented the findings of Kelly and colleagues (2018),
revealed that AUDm tended to have earlier increases in positive affective states and
decreases in negative affective states, relative to AUDw. However, negative affective
states appeared to re-emerge in the AUDm within early abstinence and continue to
escalate until year four, in some cases reaching their peak well into long-term abstinence
(i.e., MAACL Hostility is highest much later, at year 12). In contrast, the AUDw reached

their peak negative affective states in the early abstinence (< five years), and, with the
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exception of a subtle increase in later abstinence, negative affective states continued to
abate after that. These sex differences may be representative of sex-specific differences in
brain regions involved in affective processing and regulation (addressed in previous
chapter and discussed further in Chapter 4), or they may be endemic to the dynamic
interplay between gender and sociocultural influences related to different life stages that
overlap with different DOA, or some combination thereof. Perhaps most importantly,
these findings suggest that affect-related treatment approaches should correspond to

relevant factors, such as sex and life-stage.

Limitations

The findings of the present study should be considered in light of several
significant limitations of this study. First, the sample may have been underpowered to
detect all of the potentially statistically significant volumetric differences present in the
BRS. Similarly, the sample might not be representative of all “types” of people who are
able to recover from AUDs. That is, many individuals who have recovered or resolved an
AOD problem can be regarded as “high-functioning” and may have never suffered the
loss of their employment or other financial/social resources, while others go on to procure
these resources with continued time in recovery. Thus, many of these recovering
individuals are unmotivated by the money offered to participate in a research study, or
they cannot spare the time required to participate, frequently because their lives have
become full due to recovery. Therefore, it remains to be seen precisely how

representative of the entire recovering population the participants of this study were. By
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the same token, it is unclear how representative the sample from this study is of the larger
national AUD population inasmuch as selection for participation was limited to Boston,
MA and its environs, an area which is characterized by a higher average 1Q and level of
education than that of the U.S. national averages (Kanazawa, 2006).

The remaining limitations of the study were methodological. For example, due to
the cross-sectional and correlational nature of the data, we can only detect interindividual
differences, rather than intraindividual changes in affective states associated with DOA.
Therefore, caution should be taken in extrapolating conclusions about such changes.
Next, with respect to the measures of affective states, the POMS and HRSD were
designed for use in psychiatric outpatient settings to potentially diagnose pathological
affective states (mood disorders) (Ekkekakis, 2013), and they were not intended to assess
optimal (‘homeostatic’) affective experiences. Therefore, these measures may be less
than ideal for detecting nonpathological affective states, let alone emotional sobriety.
Additionally, regarding the demographic characteristics of the sample, there was also no
consideration of socioeconomic status (except for the level of education or other variables
related to socioeconomic status) or recovery capital, both of which would likely have
some bearing upon DOA and affective states. The results also may have been influenced
by factors not assessed in this study, such as personality, diet/nutrition, exercise, genetic
predispositions, nonpharmacological therapeutic influences (e.g., psychotherapy, MHO
activity), all of which might have had an effect on affective states and DOA. Further,
there was no consideration of whether any other non-drug (behavioral) addictions had

been acquired over the course of abstinence, as is common among the AUD population



74

(White & Kurtz, 2006), and that might have served a coping function to attain affective
homeostasis in the absence of the primary addiction. Lastly, there was no consideration
of whether abstinence was intentional or incidental, that is, whether it was actively
engaged in for the sake of attaining some goal or avoiding some consequence, or whether
it was passively encountered, as is the case for many, who, for example, “age out” of

their addiction (Lopez-Quintero et al., 2011; White, 2012).

Conclusion

In summary, the findings from this study suggest a link between emotional
sobriety and abstinence. The findings fit well with both clinical and anecdotal
observations regarding the phenomenology of early recovery being characterized by
intense and protracted affective disequilibrium. However, the message suggested by the
present study is that if recovering individuals can manage to navigate through the most
difficult first four years of abstinence, their prospects appear more hopeful thereafter, in
terms of gains in the experience of positive affective states and decreases in the

experience of negative affective states.
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CHAPTER 3

MUTUAL-HELP ORGANIZATIONS AND AFFECTIVE STATES

Introduction

A mutual help organization (MHO) is an “association or aggregate of groups
whose members meet on an egalitarian basis to counteract through mutual interaction a
common affliction or problem in their lives” (Makela et al., 1996, p. 13). According to
national surveys in the U.S., MHOs represent the most commonly sought source of
treatment for many addictive disorders (Grant et al., 2016; U.S. Dept. of Health and
Human Services, 2009). Common examples of addiction-related MHOs include 12-step
fellowships such as Alcoholics Anonymous (AA), Narcotics Anonymous, Cocaine
Anonymous, and Overeaters Anonymous, in addition to other non-12-step MHOs,
including SMART Recovery, LifeRing, and Rational Recovery. A growing research
literature has consistently shown that among adults treated for Alcohol Use Disorders
(AUDs), those who affiliate with MHOs have significantly better alcohol use outcomes
than those who do not affiliate (Kaskutas et al., 2003; Klein et al., 2011; Laffaye et al.,
2008).

The majority of research on MHOs has focused on how these fellowships
contribute to changes in behavior, such as abstinence from alcohol (Chi et al., 2009;
Fiorentine et al., 1999; Gossop et al., 2008; Timko et al., 2006; Tonigan et al., 2018).
While many valuable contributions have come from this this line of inquiry, including

identification of several underlying MHO-specific mechanisms of behavior change
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(Kelly, 2017; Kelly & Greene, 2013; Kelly et al., 2009; Kelly et al., 2010), an implicit
presupposition of this research is that such behavioral changes are tantamount to recovery
from AUDs. It is interesting, however, that a substantial proportion of those who self-
identify as being “in recovery” or “recovered” seem to favor a variation on this
interpretation of recovery (Laudet, 2007). That is, although many of these individuals
report that such changes in behavior are often necessary for recovery, they maintain that,
by themselves, these changes are insufficient to account for the entirety of their recovery
experience. Frequently, they describe the essential changes of their recovery as
qualitative changes at the affective level of experience. As mentioned in previous
chapters, such affective changes are commonly referred to as “emotional sobriety” and
are regarded by many as constituting frue recovery (Laudet, 2007; White & Kurtz, 2006;
Wilson, 1958).

This construct of emotional sobriety, which can be described as a type of
equilibrium with respect to the variability of the valence and intensity of affective
experience, is especially relevant to individuals with greater MHO affiliation (Laudet,
2007; Witbrodt et al., 2015). Given the priority placed on such affective homeostasis by
individuals within MHOs, it is surprising that relatively few studies have considered the
association between MHO-related treatment-seeking behavior and affect-related changes.
Of the studies that have addressed such associations, affective change usually is
considered as a factor mediating the effect of MHO attendance on changes in behavior
(Kelly et al., 2010; Wilcox & Tonigan, 2018). Rarely is the association explored between

MHO activity (as opposed to MHO attendance) and affective changes, independent of
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behavior change. That is, affective changes seldom are considered as the primary
recovery-related outcome in relation to active MHO involvement.

Here, we are concerned with MHO activity, over and above MHO attendance, for
two main reasons: (1) activity better captures the multiple dimensions that are
characteristic of MHO involvement; (2) activity better represents voluntary and
intentional participation, as opposed to passive (coerced) participation. By “activity,” we
are referring to MHO meeting attendance, in addition to fellowship involvement, and 12
Step work. Only one other study with which we are familiar has considered the
therapeutic effect of MHO activity on measures of affective states. However, that study
considered such changes among a relatively young (ages 21-24), recently detoxified,
primarily white, male, polysubstance addicted cohort in a private 12-step oriented
treatment milieu (Kelly & Greene, 2013). In the present study, we aim to extend this line
of investigation by examining the association between MHO activity (e.g., primarily AA
involvement) across three timeframes (i.e., lifetime, 12-month, and 90-day) and measures
of affective states among AUD men (AUDm) and AUD women (AUDw) who had been
abstinent for an average of 10 years (Table 3.1). We explored three primary hypotheses in
connection with this aim. First, it is hypothesized that total MHO activity will be
associated with more positive and less negative affective states over and above that of
total MHO attendance and abstinence. Second, it is hypothesized that the association will
be in an acute dose-response manner, in that there will be an acute “response” to the
“dose” of MHO treatment, as measured by past 90-day involvement, rather than a

cumulative “response,” as measured by lifetime and 12-month involvement. In other
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words, we anticipate greater recent MHO involvement to correspond to higher positive
affective states and lower negative affective states, relative to greater past MHO
involvement. Third, because MHO activity has been observed to have a differential effect
on behavior between the sexes (Kelly & Hoeppner, 2013), it is hypothesized that there
will be sex differences in the association between degree of MHO activity and affective
states.

The overall objective of this study is to lay the foundation and provide rationale
for future inquiries aimed at identifying the behavioral correlates of emotional sobriety by
building upon the findings of the research described in this dissertation. Establishing the
association between recovery-related behaviors such as MHO activity and the affective
states characteristic of emotional sobriety has the potential to direct future research
related to the neural correlates of this recovery variety, as well as to inform future

treatment strategies aimed at cultivating such affective changes.

Methods and Materials

Participants
In total, the sample of participants included in this study consisted of 30 abstinent
long-term chronic AUD individuals (17 AUDm; 13 AUDw). A subsample of those
participants in this study (n=20) were involved in the previous two studies of this
dissertation. A smaller sample of participants (n=10) had been involved in other studies
conducted by the Boston University Laboratory of Neuropsychology. All of the

participants were right-handed (handedness as assessed in Briggs and Nebes (1975))
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adults from the Boston area. All participants were selected to have similar demographic
characteristics. Participation was solicited from newspaper and web-based
advertisements, and posts on bulletin boards at Boston University Medical Center,
Boston Veterans Affairs (VA) Healthcare System, and VA after-care programs, and
community locations. The Institutional Review Boards of the participating institutions
approved the research. Informed consent was obtained prior to neuropsychological
testing. Participants were reimbursed for time and travel expenses. Neurobehavioral and

neuropsychological evaluations typically required two hours.

Clinical Evaluation

Participants underwent a medical history interview and vision testing, plus a
series of questionnaires (e.g., handedness, medical history, alcohol and drug use) to
ensure they met inclusion criteria. Participants performed a computer assisted, shortened
version of the Diagnostic Interview Schedule (DIS) (Robins et al., 2000) that provides
lifetime psychiatric diagnoses according to DSM-IV (APA, 1994) criteria. Participants
were excluded from further participation if any source (DIS scores, hospital records,
referrals, or personal interviews) indicated that English was not one of their first
languages, or if they had any of the following: Korsakoff’s syndrome; HIV; cirrhosis;
major head injury with loss of consciousness greater than 30 minutes unrelated to AUDs;
stroke; epilepsy or seizures unrelated to AUDs; schizophrenia; Hamilton Rating Scale for
Depression (Hamilton, 1960) score over 16, which indicates the potential presence of
Major Depressive Disorder (Zimmerman et al., 2013); electroconvulsive therapy; history

of illicit drug use once per week or more within the past four years.
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Neuropsychological Assessment
Tests of intelligence and memory were conducted, including the Wechsler Adult
Intelligence Scale, Third Edition (WAIS-III) (Wechsler, 1997a) for Full-Scale 1Q (FSIQ),
Verbal 1Q (VIQ), Performance IQ (PIQ), and Working Memory Index (WMI); the
Wechsler Memory Scale, Third Edition (WMS-IIT) (Wechsler, 1997b) for Delayed

Memory.

Drinking Variables
In addition to meeting the DSM-IV criteria for alcohol abuse or dependence,
AUD status and severity among the AUD participants was determined through measures

of alcohol consumption behaviors that represented patterns of frequency and intensity.

Duration of Heavy Drinking.  Participants received a structured interview regarding
their drinking patterns, including duration of heavy drinking (DHD —i.e., 21 or more

drinks per week (one drink: 355 ml beer, 148 ml wine, or 44 ml hard liquor)).

Daily Drinks.  Additionally, a Quantity Frequency Index (Cahalan et al., 1969), which
factors the amount, type, and frequency of alcohol usage (roughly corresponding to
number of daily drinks (DD)) over the six months preceding cessation of drinking was

calculated for each participant.
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Recovery-Related Variables
Duration of Abstinence.  In addition to providing information about the stability of
AUD-related sequelae in the absence of the acute effects of ethanol and its detoxification,
consideration of duration of abstinence (DOA) from alcohol provides a measure of
recovery-related behavior in that, for AUD individuals, it commonly represents
intentional behavior (Amodeo, 1985; Amodeo et al., 1992). In this study, DOA refers to
the length of time between the date of last drink and the date of the relevant assessment
of affective states (see below). DOA was ascertained with several comprehensive
interviews over multiple testing sessions, in which the date of last drink was obtained and

examined for consistency across sessions.

Mutual-Help Organization Activity.  To assess other relevant intentional recovery-
related behaviors, a modified version of the Multidimensional Mutual-Help Assessment
Scale (MMHAS) was administered (Kelly, Urbanoski, et al., 2011). This measure
assessed dimensions relevant to active participation in MHOs, such as meeting
attendance (e.g., physical presence at meetings indexed by the frequency and/or quantity
of meetings attended during a given time period), meeting participation (e.g., active
behavioral engagement in meetings, such as talking or sharing during meetings or helping
to set up and run meetings (service work)), affiliation (e.g., subjective commitment and
engagement in the fellowship), fellowship involvement (e.g., active behavioral
engagement in the fellowship and its activities, such as obtaining a sponsor or sponsoring

others, and having contact with members outside of meetings), step work (e.g., progress
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in working through the 12-step program) (Kelly, Urbanoski, et al., 2011). AUD
participants were asked about their level of activity across these dimensions in such
organizations throughout their lifetime, the past 12 months, and the past 90 days. Possible
scores ranged from zero to a maximum of 16 for each subtotal, and from zero to 48 for

the total score.

Recovery Capital.  To assess the potential relevance of recovery capital in accounting
for differences in affective states, the 10-item Brief Assessment of Recovery Capital
(BARC-10) (Vilsaint et al., 2017) was administered. The BARC-10 is an abridged
version of the Addiction Recovery Capital Scale (Groshkova et al., 2013). Participants
reported level of agreement (one = strongly disagree to six = strongly agree) with
statements on their recovery, environmental support, and well-being (e.g., “I regard my

life as challenging and fulfilling without the need for using drugs or alcohol”).

Measures of Affective States
Negative Affective States. ~ The Multiple Affect Adjective Check List (MAACL)
(Zuckerman & Lubin, 1965) was used to evaluate negative affective states. For the
MAACL, the participant is asked to select from a list of 132 adjectives that may relate to
how he/she is feeling on the day of the assessment, including in the present moment.
Negative affective states are categorized into anxiety (e.g., afraid, fearful, frightened,
panicky, shaky, and tense), depression (e.g., alone, destroyed, forlorn, lonely, lost, and

miserable), and hostility (e.g., annoyed, critical, cross, cruel, and disagreeable).
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Dysphoria, as measured by the MAACL, represents a composite of the other individual
measures of negative affect.

Negative mood states were evaluated using the Profile of Mood States (POMS)
(McNair et al., 1971) The POMS measures five different dimensions of mood swings
over a period of time, including Tension-Anxiety, Anger-Hostility, Fatigue-Inertia,
Depression-Dejection, and Confusion-Bewilderment. The participant is asked to rate
his’/her mood over the past week using a 5-point Likert Scale, ranging from zero (not at
all) to four (extremely). Total Mood Disturbance, which refers to a global indicator of
affective disturbance or psychological distress, is calculated by summing the scores from
the other five independent measures of negative mood.

The severity of depressed mood was evaluated using the Hamilton Rating Scale
for Depression (Hamilton, 1960). Scores of eight, 16, and 25 or above indicate mild,
moderate, or severe depression, respectively (Zimmerman et al., 2013). Participants were
presented a series of questions related to affective and somatic indices of depression and
anxiety relevant to the past two weeks, which require the assessment and interpretation of
a trained scale administrator to score.

To assess negative affective states specific to social contexts, the Liebowitz Social
Anxiety Scale (Liebowitz, 1987) was administered. It consists of 24 items that first are
rated on a Likert Scale from zero to three on anxiety felt during each of the situations,
and then the same items are rated regarding avoidance of the situation. Combining the
total scores for the Anxiety and Avoidance sections provides an overall score with a

maximum of 144 points.
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Anxiety was also measured using the State-Trait Anxiety Index (Speilberger et
al., 1970), which is intended to distinguish and measure differences between state anxiety
and trait anxiety. The state anxiety items, which assess how one feels at this moment, are
accompanied by a 4-point scale of intensity ranging from “Not at all” to “Very much so.”
The trait anxiety items, which asses how one feels in general are accompanied by a four-
point scale of frequency ranging from “Almost never” to “Almost always.”

Because the phenomenon of craving for alcohol is commonly characterized as
being accompanied by aversive affective experiences, the Pennsylvania Alcohol Craving
Scale (PACS) also was employed to assess craving as a proxy for negative affect. The
PACS is a five-item self-administered instrument for assessing craving in terms of
frequency, intensity, duration of thoughts about drinking, and ability to resist drinking.
Questions on the PACS use descriptors coupled with numerical ratings ranging from zero

to Six.

Positive Affective States. The MAACL (Zuckerman & Lubin, 1965) also was used to
evaluate a positively valenced affective states of low arousal (e.g., happy, joyful, and
pleasant), as well as a positive level of activation (e.g., adventurous, daring, and
energetic). Together, these scales compose the “Positive Affect Sensation Seeking”
measure on the MAACL.

The POMS measure of Vigor-Activity (e.g., lively, active, energetic, alert, full of
pep, carefree, and vigorous) also was used as a proxy for positive affective states.

Additionally, positive affective states were evaluated using the Subjective
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Happiness Scale, a four-item scale that asked participants to rate their general happiness
on a scale from one = completely unhappy to five = completely happy (Lyubomirsky &
Lepper, 1999)..

Differences in affective states, which have been reported by many recovering
individuals to accompany the reorganization of personal value/meaning systems that are
characteristic of a “spiritual awakening” of the “educational variety,” were assessed using
the Twelve Promises Scale (TPS) — a 26-item self-report measure based on the 12 Ninth
Step promises described in the basic text of AA (2001). The items are rated according to
how true they are currently for respondents, from never true (one) to true most of the time
(five) (Kelly & Greene, 2013). Examples of statements the participants were asked to
endorse include: “I feel happy,” “I feel my personal experience can be of help to other
people,” “Nowadays, I am more interested in other people and what they’re doing,” “I

have a more positive outlook on life,” and “I believe things are going to work out okay.”

Statistical Analyses
Descriptive statistics were generated to characterize the mean and standard
deviation of demographic, drinking/recovery, neuropsychological, and measures of
affective states, and treatment (MHO) involvement variables were stratified by AUD
status and sex. Independent sample #-tests also were employed to initially explore and
identify any significant differences between AUD individuals, as well as between AUDw
and AUDm. Next, the primary analyses assessed the association of MHO involvement

and measures of affective states among AUD individuals using multivariable linear
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regression and adjusted for age, education, VIQ, DOA, and included an interaction term
for the sex and MHO activity. We report the estimated beta estimates and their
corresponding 95% confidence intervals as a measure of the strength of association. In
addition, significant interactions between sex and MHO involvement were plotted to
visualize sex differences. For all analyses, the significance level was set at 0.05, and the

analysis was conducted in RStudio version 1.2.1335 (R Development Core Team, 2019).

Results

Participants

Table 3.1 provides information about the participants. We first examined
univariate associations among demographic variables, drinking (DHD, DD), recovery-
related (DOA, MHO activity), and neuropsychological variables (i.e., Wechsler Adult
Intelligence Scale: Full Scale IQ (FSIQ), Performance IQ (PIQ), Verbal 1Q (VIQ), and
Working Memory Index (WMI)) among the AUD participants and between sex. The
AUDw and AUDm did not differ in any of the demographic, neuropsychological, or
recovery-related variables. AUDw and AUDm did not differ significantly by DHD.

The AUD participants drank heavily (> 21 drinks per week) for a period of at
least five years in their lives. The AUDw and AUDm did not differ significantly by DD.
All participants were abstinent for extended lengths, an average of 10 years. As required
by inclusion criteria, all of the participants had abstained from alcohol for at least four
weeks prior to testing, except for one AUDm. The AUDm and AUDw did not differ

significantly by DOA or by any measure of MHO activity.



All (n=30) Women (n=13) Men (n=17) P-value
M SD M SD M SD (AUDw vs
can can ecan AUDm)
Demographic Variables
Age 59.70 11.99 61.86 8.38 58.05 14.19 0.367
Education 15.58 2.30 16.19 2.27 15.12 2.29 0212
Drinking/Recovery Variables
Daily Drinks (ounces 9.11 9.04 6.79 4.73 10.89 11.13 0.185
ethanol per day)
Duration of Heavy 16.43 8.86 16.62 9.73 16.29 8.43 0.925
Drinking (years)
Duration of Abstinence 10.61 12.61 14.90 13.09 733 11.55 0.112
(years)
Neuropsychological Variables
FSIQ* 109.90 13.23 111.92 12.40 108.47 13.98 0.491
PIQ" 104.34 15.36 105.67 14.65 103.41 16.21 0.699
VIQ® 114.24 12.06 116.00 9.95 113.00 13.51 0.497
WM 106.93 13.91 107.08 11.29 106.82 15.84 0.959

Table 3. 1 Demographic, Behavioral, and Neuropsychological Characteristics of Sample.

Mean and standard deviation (SD) are presented for AUDm and AUDw separately. The p-value of the mean differences are presented. Effects
significant at p <0.05 are in bold.

# Wechsler Adult Intelligence Scale, Full Scale 1Q.

® Wechsler Adult Intelligence Scale, Performance 1Q.

“Wechsler Adult Intelligence Scale, Verbal 1Q.

9 Wechsler Adult Intelligence Scale, Working Memory Index.
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Mutual-Help Organization Activity and Measures of Affective States
A multivariable linear regression analysis (Tables 3.2 — 3.13) was used to assess
the relationship between the various dimensions of MHO activity across lifetime, 12-
month, and 90-day timeframes and measures of negative and positive affective states.

The regression model contained age, education, VIQ, and DOA as covariates.

Negative Affective States.  The results reveal a significant sex interaction for the
negative affective measures of MAACL Depression and Hostility, as well as the POMS
Depression, with these measures decreasing for the AUDw in association with duration
of MHO involvement and increasing for the AUDm in association with the same (Figure
3.2). Increasing POMS Anger was associated with a significant increase in 12-Month
MHO meeting attendance among AUDw and AUDm. A significant sex interaction was
observed for the POMS Anger measure, with AUDw exhibiting a decrease in this
measure in association with Lifetime MHO fellowship involvement, and AUDm

exhibiting the opposite trend in this association (Figure 3.2).

Positive Affective States.  These results also reveal that increase in Total MHO Activity,
as measured by the sum of total scores (i.e., meeting attendance, fellowship involvement,
and step work) for each timeframe (i.e., lifetime, 12-Month, 90-Day), was associated with
increases in positive affective states, as measured by the TPS. A similar association was
found with respect to total MHO attendance (i.e., sum of meeting attendance scores for

all three timeframes) and the TPS. Increases in TPS scores were also found in association



&9

with increases in lifetime MHO meeting attendance and fellowship involvement, 12-
Month MHO meeting attendance and fellowship involvement, 90-Day MHO fellowship

involvement.



Measures of Negative Affective States (B, 95% CI
MAACLS POMS' Mood
Dysphoria MAéCL MAAC,L MAA,(.:L Disturbance POMS Anger POM,S POM.S POMS Fatigue | POMS Tension Hamilton®
(Composite) Anxiety Depression Hostility (Composite) Confusion Depression
Duration of MHO" 0.31(-0.23 - 0.17 (-0.25 - 0.14 (-0.24- 0.45 (-0.26- 0.06 (-0.19 - 0.64 (-0.78 - 0.15(-0.93 - 0.24 (-0.75- -0.3(-1.45 - -0.01 (-1.01 - -0.03 (-1.68 -
(years)® 0.86) 0.58) 0.87) 0.6) 0.32) 2.06) 1.23) 2.33) 0.85) 0.99) 1.63)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 30.88 18.86 24.8 (4.11- 46.24 (-22.60 - 42.88 53.14 45.06 73.99 (4.90- 9.72 41.3 9.05
(-6.04-67.8)  (-11.96-49.67) 45.49)) 92.13) (-8.9-94.66)  (-27.13-133.42) (-18.83-108.95) 143.07) (-55.4-74.84)  (-13.48-96.07)  (-7.48-25.58)
Sex and DMHO (years)
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.51 -0.26 -0.34 (-0.64- - -0.85 (-1.7- -0.25 -1.11 -0.94 -1.65 (-3.29- - -0.1 -0.92 -0.66
(-1.21-0.18) (-0.79-0.27) 0.04) 0.06) (-0.58-0.08) (-2.92-0.71) (-2.43-0.55) 0.0029) (-1.53-1.32) (-2.27-0.43) (-2.88-1.56)
MHO total activity 0.17 (-0.48 - 0.14 (-0.35 - 0.02 (-0.19 - 0.17 (-0.69 - -0.01 (-0.32 - 1.15(-0.42 - -0.48 (-1.71 - 0.42 (-0.86 - 0.81 (-0.5 - -0.23 (-1.47 - -0.3 (-2.11 -
(continuous)® 0.82) 0.62) 0.23) 1.04) 0.3) 2.73) 0.76) 1.71) 2.12) 1.01) 1.51)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 16.32 11.51 13.49 32.25 22.21 80.67 17.48 55.47 43.54 11.98 9.48
(-27.85-60.48) (-24.44-47.46) (-11.8-38.79)  (-21.44-85.95) (-40.01-84.43) (-8.11-169.46) (-55.62-90.58) (-28.58-139.52) (-30.59-117.67) (-55.95-79.92) (-8.61-27.57)
Sex and MHO total
activity interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.29 -0.18 -0.2 -0.61 -0.13 -1.81 -0.35 -1.29 -0.93 -0.26 -1.11
(-1.12-0.54) (-0.8-0.44) (-0.56-0.17) (-1.67-0.45) (-0.53-0.26) (-3.82-0.2) (-2.06-1.35) (-3.29-0.71) (-2.56-0.69) (-1.93-1.41) (-3.55-1.32)
MHO Total Attendance [ 0.01 (-0.03 - 0.01 (-0.04 - 0.09 (-0.01 - -0.02 (-0.09 - 0.02 (-0.06 - 0.06 (-0.01 - -0.01 (-0.09-  -0.03 (-0.14 -
(continuous)® 0.05) 0(-0.03-0.04) 0(-0.01-0.01) 0.06) 0(-0.02-0.02) 0.18) 0.06) 0.1) 0.14) 0.07) 0.09)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0.76 0.42 0.54 1.82 1.38 5.23 1.27 2.31 3.02 0.61 0.33
(-1.98-3.5) (-1.81-2.65) (-1.05-2.12) (-1.5-5.14) (-2.5-5.26) (-0.16-10.61) (-3.34-5.89) (-3-7.61) (-1.45-7.48) (-3.63-4.85) (-0.82-1.48)
Sex and MHO Total
Attendance interaction
Male ref ref ref ref ref ref ref ref ref ref ref
-0.01 -0.01 -0.01 -0.04 -0.01 -0.12 -0.03 -0.05 -0.07 -0.01 -0.04
Female (-0.07-0.04) (-0.05-0.03) (-0.03-0.01) (-0.1-0.03) (-0.03-0.02) (-0.24-0) (-0.14-0.08) (-0.18-0.07) (-0.16-0.03) (-0.12-0.09) (-0.19-0.11)

Table 3. 2 Adjusted Linear Regression of the Effect of History of MHO activity on Measures of Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

* Adjusted for age, education, VIQ, and DOA
® Mutual-Help Organization

¢ Multiple Affect Adjective Checklist

4Profile of Mood States

¢ Hamilton Rating Scale for Depression
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Measures of Negative Affective States for Lifetime (8, 95% CI)

MAACL® POMS* Mood
Dysphoria MAA,CL MAAC,L MAACL Disturbance POMS Anger POM,S POM? POMS Fatigue | POMS Tension Hamilton®
(Composite) Anxiety Depression Hostility (Composite) Confusion Depression
MHO?P Lifetime Meeting
Attendance ) 0.010?(;(;.)01 ) O'OIOF(;(;')OI T 0(-0.01-0.01) 0(-0.02-0.02) 0(-0.01-0.01) 0'03().((')3')01 ) '0'0;(0’2;05 ) 0.01&(-)(;.)02 . 0'020&')2')01 T 0(-0.03-0.03) -o.o;g;)).oa )
(continuous)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0.48 0.39 0.27 0.69 0.63 1.69 0.24 1 1.26 0.4 0.21
(-0.65-1.61) (-0.52-1.3) (-0.39-0.93) (-0.67-2.06) (-0.99-2.24) (-0.64-4.01) (-1.65-2.13) (-1.2-3.19) (-0.6-3.13) (-1.36-2.17) (-0.27-0.69)
Sex and MHO LMA
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.01 0 0 -0.01 0 -0.04 0 -0.02 -0.03 -0.01 -0.01
(-0.03-0.01) (-0.02-0.01) (-0.01-0.01) (-0.04-0.02) (-0.01-0.01) (-0.09-0.02) (-0.05-0.04) (-0.07-0.03) (-0.07-0.02) (-0.05-0.04) (-0.08-0.05)
MHO Lifetime
Fellowship Involvement 0.05 (-0.09 - 0.04 (-0.07 - 0.01 (-0.04 - 0.03 (-0.15 - 0 (:0.07 - 0.06) 0.33 (-0.02- -0.16 (-0.41 - 0.09 (-0.18 - 0.1(-0.18 - -0.04 (-0.3 - -0.07 (-0.46 -
. a 0.18) 0.14) 0.05) 0.22) 0.68) 0.1) 0.36) 0.38) 0.22) 0.31)
(continuous)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 5.69 423 4.17 7.52 6.65 21.19 (2.44- 3.44 15.48 9.47 4.98 2.86
(-3.62-15.01)  (-3.39-11.85) (-1.17-9.51) (-3.97-19.01) (-6.41-19.7) 39.94) (-11.56-18.45) (-2-32.95) (-6.56-25.49)  (-9.37-19.32) (-0.96-6.67)
Sex and MHO LFI
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.09 -0.06 -0.05 -0.13 -0.04 -0.47 (-0.90- - -0.05 -0.34 -0.19 -0.1 -0.25
(-0.27-0.09) (-0.19-0.07) (-0.13-0.03) (-0.36-0.1) (-0.12-0.05) 0.05) (-0.4-0.3) (-0.76-0.07) (-0.54-0.16) (-0.45-0.25) (-0.77-0.26)
MHO Lifetime Step -0.02 (-0.07 - 0.13 (-0.15 - -0.1 (-0.31 - 0.01 (-0.21 - 0.07 (-0.15 - -0.07 (-0.28 - -0.15 (-0.45 -
Work (continuous)® 0¢OI1-0.11) 0(-0.08-0.08) 0(-0.03-0.04) 0(-0.14-0.15) 0.04) 0.4) 0.11) 0.22) 0.3) 0.14) 0.15)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.8 -0.96 0.62 3.19 0.9 8.16 0.79 7.25 5.04 -1.52 0.74
(-8.23-6.64) (-6.96-5.04) (-3.73-4.97) (-5.93-12.31)  (-9.48-11.27)  (-7.35-23.67) (-11.49-13.07) (-6.75-21.26) (-7.6-17.68) (-12.96-9.92) (-2.24-3.73)
Sex and MHO LSW
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0.02 0.02 -0.01 -0.06 -0.01 -0.19 -0.01 -0.17 -0.11 0.04 -0.07
(-0.12-0.16) (-0.09-0.12) (-0.07-0.05) (-0.24-0.12) (-0.07-0.06) (-0.54-0.16) (-0.3-0.27) (-0.5-0.16) (-0.39-0.17) (-0.24-0.32) (-0.47-0.33)
MHO Lifetime Total 0.05(-0.21-  0.04(-0.15-  0.01 (-0.07 - 0.03 (-03-  -0.02(-0.14-  042(-02-  -0.27(-0.74-  0.11 (-0.38 - 02(-0.32-  -0.11(-0.59-  -0.23 (-0.93 -
Score (continuous)® 0.3) 0.23) 0.09) 0.37) 0.1) 1.04) 0.2) 0.61) 0.71) 0.38) 0.46)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 538 3.66 5.05 11.4 8.17 29.58 4.47 23.73 15.77 3.86 3.81
(-11.9-22.66)  (-10.39-17.71)  (-4.92-15.02) (-9.6-32.4) (-15.82-32.16)  (-5.37-64.53)  (-23.28-32.23)  (-8.51-55.96) (-13.47-45.01) (-22.63-30.35) (-3.14-10.75)
Sex and MHO LTS
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.08 -0.05 -0.06 -0.2 -0.04 -0.65 -0.07 -0.54 -0.32 -0.07 -0.34
(-0.41-0.24) (-0.29-0.2) (-0.21-0.08) (-0.62-0.21) (-0.2-0.11) (-1.44-0.14) (-0.71-0.58) (-1.3-0.23) (-0.96-0.32) (-0.72-0.58) (-1.27-0.6)
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Table 3. 3 Adjusted Linear Regression of the Effect of Lifetime MHO activity on Measures of Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

* Adjusted for age, education, VIQ, and DOA

® Mutual-Help Organization

¢ Multiple Affect Adjective Checklist

4Profile of Mood States

¢ Hamilton Rating Scale for Depression
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Measures of Negative Affective States for past 12 Months (B, 95% CI)

MAACL' POMS* Mood
Dysphoria MAA,CL MAA(’?L MAACL Disturbance POMS Anger POM,S POM? POMS Fatigue | POMS Tension Hamilton®
(Composite) Anxiety Depression Hostility (Composite) Confusion Depression
MHO? 12-Mo Meeting 0.01(-0.02-  0.02 (-0.01 -
Attendance (-0.01-0.02) 0(-0.01-0.01) 0(0-0) 0(-0.01-0.02) 0(-0.01-0.01) 0.04(0,01-0.08) 0 (-0.03 - 0.02) 0.04) 0.05) 0(-0.03-0.02) 0(-0.05-0.04)
(continuous)®
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
0.16 0.02 0.2 0.72 0.37 0.48 0.58 0.74 0.13 0.1
Female (-0.83-1.16) (-0.79-0.83) (-0.37-0.77) (-0.48-1.92) (-1.05-1.79) 217 (0.23-4.11 (-1.21-2.17) (-1.37-2.52) (-0.92-2.4) (-1.41-1.66) (-0.32-0.52)
Sex and MHO 12MA
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0 0 0 -0.01 0 -0.05 (0.23- -0.01 -0.01 -0.02 0 -0.02
(-0.02-0.02) (-0.01-0.01) (-0.01-0) (-0.04-0.01) (-0.01-0.01) 4.11) (-0.05-0.03) (-0.06-0.03) (-0.05-0.02) (-0.04-0.03) (-0.07-0.04)
ivmo 12-Mo Fellowship |\ 015 .03 (0,08 - 0.03 (-0.17 - 026 (-0.09-  -0.1(-0.37-  0.11(-0.17-  0.18 (-0.11-  -0.03 (-0.31-  -0.01 (-0.42 -
nvovlement 0.17) 0.13) 0(-0.05-0.05) 0.22) 0(-0.07-0.07) 0.6) 0.18) 0.4) 0.47) 0.24) 0.39)
(continuous)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 3.67 3 2.76 591 4.91 19.13 3.77 11.31 9.19 3.41 221
(-6.08-13.42)  (-4.93-10.92) (-2.81-8.33) (-6.13-17.94)  (-8.86-18.68) (-0.3-38.55)  (-12.53-20.08)  (-7.44-30.05)  (-7.23-25.61) (-11.63-18.46)  (-1.82-6.25)
Sex and MHO 12F1
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.07 -0.05 -0.04 -0.11 -0.03 -0.43 -0.08 -0.26 -0.2 -0.08 -0.29
(-0.25-0.12) (-0.19-0.09) (-0.12-0.04) (-0.35-0.13) (-0.12-0.06) (-0.87-0.01) (-0.46-0.3) (-0.71-0.18) (-0.56-0.16) (-0.45-0.29) (-0.83-0.26)
MHO 12-Mo Step Work | 0.03 (-0.05 - 0.02 (-0.04 - 0.01 (-0.02 - 0.03 (-0.07 - 0.01 (-0.03 - 0.13 (-0.06 - 0(:0.15 - 0.15) 0.05 (-0.1 - 0.14 (-0.01 - -0.02 (-0.17 - 0(:0.22 - 0.23)
(continuous)” 0.11) 0.07) 0.03) 0.13) 0.05) 0.32) 0.21) 0.29) 0.13)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 1.28 0.45 1.01 4.16 2.25 6.2 3.7 4.09 53 0.24 0.58
(-3.92-6.47) (-3.79-4.69) (-2.04-4.05) (-2.14-10.45) (-5.24-9.74) (-4.57-16.97) (-5.21-12.6) (-6.07-14.24) (-3.09-13.7) (-7.9-8.37) (-1.68-2.83)
Sex and MHO 12SW
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.03 -0.01 -0.02 -0.08 -0.01 -0.15 -0.09 -0.1 -0.12 -0.01 -0.09
(-0.12-0.07) (-0.08-0.06) (-0.06-0.03) (-0.21-0.04) (-0.06-0.03) (-0.39-0.1) (-0.29-0.12) (-0.34-0.14) (-0.3-0.06) (-0.21-0.19) (-0.39-0.21)
MHO 12-Mo Total 0.06 (-0.17 - 0.04 (-0.12 - 0.01 (-0.07 - 0.06 (-0.23 - 0.01 (-0.1 - 0.43 (-0.11 - -0.1 (-0.52 - 0.17 (-0.27 - 0.34 (-0.1 - -0.06 (-0.49 - -0.02 (-0.64 -
Score (continuous)” 0.28) 0.21) 0.08) 0.36) 0.11) 0.96) 0.33) 0.62) 0.77) 0.36) 0.61)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 5.11 3.46 3.97 10.79 7.53 27.39 7.95 15.97 15.23 3.78 2.89
(-9.9-20.12) (-8.77-15.69)  (-4.66-12.61)  (-7.47-29.05) (-13.79-28.85)  (-2.65-57.43) (-17.22-33.11) (-12.93-44.87) (-9.54-40) (-19.41-26.97)  (-3.39-9.17)
Sex and MHO 12TS
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.09 -0.06 -0.06 -0.21 -0.05 -0.62 -0.18 -0.38 -0.33 -0.09 -0.39
(-0.38-0.19) (-0.27-0.15) (-0.19-0.06) (-0.57-0.15) (-0.18-0.09) (-1.3-0.06) (-0.76-0.41) (-1.07-0.31) (-0.88-0.21) (-0.66-0.48) (-1.24-0.45)
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Table 3. 4 Adjusted Linear Regression of the Effect of 12-Month MHO activity on Measures of Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

* Adjusted for age, education, VIQ, and DOA

® Mutual-Help Organization

¢ Multiple Affect Adjective Checklist

4Profile of Mood States

¢ Hamilton Rating Scale for Depression
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Measures of Negative Affective States for

ast 90 Days (B, 95% CI)

MAACLS POMS’ Mood
Dysphoria MAéCL MAA(’?L MAACL Disturbance POMS Anger POM,S POM? POMS Fatigue | POMS Tension Hamilton®
(Composite) Anxiety Depression Hostility (Composite) Confusion Depression
MHO" 90-Day Meeting
Atten.dance ) 0(-0.01-0.01) 0(-0.01-0.01) 0(0-0) 0.01()‘((-)2.)01 T 0(-0.01-0.01) o.onA((-)(;.)m T 0(-0.02-0.03) 0(-0.02-0.03) 0.02(0-0.05) '0'0:)‘(0’2)'03 ) -o.o;g;))m i
(continuous)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0.12 0.02 0.07 0.4 0.38 1.48 0.55 0.73 1.01 0.08 0.02
(-0.74-0.98) (-0.68-0.72) (-0.43-0.56) (-0.66-1.47) (-0.82-1.59) (-0.24-3.19) (-0.92-2.03) (-0.92-2.38) (-0.37-2.4) (-1.24-1.4) (-0.34-0.38)
Sex and MHO 90MA
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female 0 0 0 -0.01 0 -0.04 -0.01 -0.02 -0.02 0 -0.01
(-0.02-0.01) (-0.01-0.01) (-0.01-0) (-0.03-0.01) (-0.01-0) (-0.07-0) (-0.05-0.02) (-0.06-0.02) (-0.05-0.01) (-0.04-0.03) (-0.06-0.04)
FMHO 90.-Day 0.03 (-0.12 - 0.03 (-0.09 - 0.03 (-0.17 - 0.25(-0.11 - -0.1(-0.39 - 0.11 (-0.19 - 0.18 (-0.12 - -0.04 (-0.33 - -0.02 (-0.44 -
ellow.vshlp Il.lvolvement 0.18) 0.14) 0 (-0.05 - 0.05) 0.24) 0 (-0.07 - 0.07) 0.62) 0.19) 0.41) 0.49) 0.25) 0.4)
(continuous)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 3.13 253 2.83 6.02 4.02 18.5 2.07 10.72 8 2.64 226
(-7.08-13.34)  (-5.77-10.82) (-2.96-8.63) (-6.55-18.6)  (-10.48-18.52) (-1.98-38.98)  (-15.26-19.4)  (-8.92-30.35)  (-9.14-25.15)  (-13.13-18.4) (-1.92-6.44)
Sex and MHO 90F1
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.06 -0.04 -0.04 -0.12 -0.02 -0.42 -0.04 -0.25 -0.17 -0.06 -0.3
(-0.25-0.14) (-0.19-0.1) (-0.13-0.04) (-0.36-0.13) (-0.12-0.07) (-0.88-0.05) (-0.44-0.36) (-0.72-0.21) (-0.55-0.2) (-0.45-0.33) (-0.87-0.26)
MHO 90-Day Step 0.04 (-0.02 - 0.03 (-0.01 - 0.01 (-0.01 - 0.04 (-0.04 - 0 (:0.02 - 0.03) 0.03 (-0.11 - -0.01 (-0.12 - 0.02 (-0.09 - 0.07 (-0.04 - -0.02 (-0.12-  -0.02 (-0.18 -
Work (continuous)” 0.09) 0.07) 0.02) 0.11) 0.18) 0.1) 0.13) 0.19) 0.09) 0.14)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 2.59 1.84 1.57 3.63 2.11 3.73 243 432 3.52 1.63 0.51
(-1.09-6.26) (-1.17-4.85) (-0.55-3.69) (-0.93-8.2) (-3.31-7.53) (-4.38-11.84) (-4.09-8.95) (-2.98-11.62) (-2.89-9.94) (-4.16-7.42) (-1.12-2.13)
Sex and MHO 90SW
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.05 -0.03 -0.03 -0.07 -0.01 -0.08 -0.06 -0.1 -0.08 -0.04 -0.07
(-0.12-0.02) (-0.09-0.02) (-0.06-0.01) (-0.16-0.02) (-0.05-0.02) (-0.27-0.1) (-0.21-0.1) (-0.28-0.07) (-0.22-0.06) (-0.18-0.1) (-0.29-0.15)
MHO 90-Day Total 0.07 (-0.14 - 0.05 (-0.1 - 0.01 (-0.06 - 0.07(-02- 0.1-0.1) 031(-02-  -0.11(-0.51-  0.14(-028-  0.28(-0.14-  -0.06 (-0.46 -  -0.05 (-0.64 -
Score (continuous)” 0.28) 0.21) 0.07) 0.35) 0.82) 0.3) 0.55) 0.7) 0.34) 0.53)
Sex
Male ref ref ref ref ref ref ref ref ref ref ref
Female 5.83 4.39 4.47 10.06 6.52 23.71 5.06 15.77 12.54 4.35 2.78
(-8.24-19.9) (-7.05-15.83)  (-3.51-12.45)  (-7.23-27.35) (-13.54-26.58) (-5.07-52.48)  (-18.98-29.1) (-11.38-42.92) (-11.11-36.19) (-17.39-26.08)  (-3.05-8.61)
Sex and MHO 90TS
interaction
Male ref ref ref ref ref ref ref ref ref ref ref
Female -0.11 -0.08 -0.07 -0.2 -0.04 -0.54 -0.11 -0.37 -0.28 -0.11 -0.39
(-0.38-0.15) (-0.28-0.12) (-0.19-0.04) (-0.54-0.14) (-0.17-0.09) (-1.19-0.11) (-0.67-0.45) (-1.02-0.27) (-0.8-0.24) (-0.64-0.43) (-1.17-0.4)
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Table 3. 5 Adjusted Linear Regression of the Effect of 90-Day MHO activity on Measures of Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05 are in bold.

* Adjusted for age, education, VIQ, and DOA

® Mutual-Help Organization

¢ Multiple Affect Adjective Checklist

4Profile of Mood States

¢ Hamilton Rating Scale for Depression
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Measures of Anxiety and Craving (B, 95% CI)

Social Anxiety® | STAI" state | STAI trait PACS*
Duration of MHO" -0.15 (-0.39 - 0.45 (-0.33 - 0.08 (-0.81 - 0.41 (-1.39 -
(years)® 0.08) 1.24) 0.97) 2.22)
Sex
Male ref ref ref ref
Female 12.05 27.55 47.03 7.02
(-6.96-31.07) (-13.59-68.69) (-7.47-101.52) (-7.68-21.72)
Sex and DMHO (years)
interaction
Male ref ref ref ref
Female -0.1 -0.68 -1.11 -0.66
(-0.42-0.22) (-1.85-0.48) (-2.54-0.32) (-2.87-1.56)
MHO total activity -0.06 (-0.35 - -0.23 (-1.07 - -0.22 (-1.2 - -0.36 (-2.22 -
(continuous)® 0.24) 0.61) 0.76) 1.51)
Sex
Male ref ref ref ref
Female 4.69 -9.85 13.76 -0.18
(-19.61-28.99) (-53.96-34.27) (-46.22-73.73) (-15.36-15)
Sex and MHO total
activity interaction
Male ref ref ref ref
Female -0.04 0.26 -0.36 -0.11
(-0.45-0.36) (-0.99-1.51) (-1.93-1.22) (-2.39-2.17)
MHO Total Attendance | -0.01 (-0.02 - -0.02 (-0.07 - -0.02 (-0.08 - -0.01 (-0.12 -
(continuous)® 0.01) 0.03) 0.04) 0.11)
Sex
Male ref ref ref ref
Female 0.08 -0.88 0.06 -0.11
(-1.41-1.57) (-3.55-1.78) (-3.61-3.73) (-1.04-0.83)
Sex and MHO Total
Attendance interaction
Male ref ref ref ref
0 0.02 0 -0.01
Female (-0.03-0.03) (-0.05-0.1) (-0.1-0.09) (-0.15-0.13)

Table 3. 6 Adjusted Linear Regression of the Effect of total MHO activity on Measures of Negative

Affective States.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, VIQ, and DOA

® Mutual-Help Organization

¢ Liebowitz Social Anxiety Scale

4 State-Trait Anxiety Index

¢ Pennsylvania Alcohol Craving Scale




Measures of Anxiety and Craving for Lifetime (B, 95% CI)
Social Anxiety' | STAI'state | STAItrait |  PACS®
by . .
r:egd;ieet"“e Meeting 00.01-001) 001003~ 001 (0.04- -0.03(0.07-
) a 0.01) 0.01) 0.02)
(continuous)
Sex
Male ref ref ref ref
Female 0.4 -0.47 0.05 -0.09
(-0.2-1.01) (-1.61-0.67) (-1.53-1.63) (-0.48-0.3)
Sex and MHO LMA
interaction
Male ref ref ref ref
Female -0.01 0.02 0 0.04
(-0.02-0.01) (-0.02-0.05) (-0.04-0.04) (-0.02-0.1)
MHO Lifetime 20.01 (0.07-  -0.02(-021-  -0.05(-0.27 -  -0.16 (-0.58 -
Fellowship Involvement
. B 0.05) 0.17) 0.16) 0.26)
(continuous)
Sex
Male ref ref ref ref
Female 2.62 0.2 6.06 0.44
(-2.49-7.73) (-9.88-10.29) (-7.17-19.29) (-2.98-3.86)
Sex and MHO LFI
interaction
Male ref ref ref ref
Female -0.03 0.01 -0.13 0.07
(-0.11-0.06) (-0.27-0.3) (-0.48-0.21) (-0.45-0.58)
MHO Lifetime Step -0.02 (-0.06 - -0.08 (-0.21 - -0.11 (-0.27 - -0.04 (-0.36 -
Work (continuous)” 0.03) 0.06) 0.04) 0.28)
Sex
Male ref ref ref ref
Female 1.93 -5.77 0.29 -0.67
(-1.82-5.67) (-12.8-1.27) (-9.22-9.8) (-3.26-1.91)
Sex and MHO LSW
interaction
Male ref ref ref ref
Female -0.03 0.16 -0.01 0.08
(-0.09-0.03) (-0.04-0.36) (-0.26-0.24) (-0.31-0.46)
MHO Lifetime Total -0.03 (-0.14 - -0.11 (-0.44 - -0.17 (-0.55 -  -0.22 (-0.98 -
Score (continuous)® 0.08) 0.23) 0.2) 0.53)
Sex
Male ref ref ref ref
Female 4.95 -6.03 6.4 -0.32
(-4.11-14.01)  (-23.65-11.59) (-16.78-29.57) (-6.46-5.81)
Sex and MHO LTS
interaction
Male ref ref ref ref
Female -0.06 0.19 -0.14 0.18
(-0.21-0.09) (-0.31-0.69) (-0.75-0.47) (-0.74-1.1)

Table 3. 7 Adjusted Linear Regression of the Effect of Lifetime MHO activity on Measures of

Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, VIQ, and DOA
® Mutual-Help Organization

¢ Liebowitz Social Anxiety Scale

4 State-Trait Anxiety Index

¢ Pennsylvania Alcohol Craving Scale
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Measures of Anxiety and Craving for past 12 Months (B, 95% CI)

Social Anxiety® | STAI" state | STALI trait PACS*
b .
x':e‘zd::c'g"’ Meeting 0(001-0) 001(C002- 001003~ 0.01(0.03-
. X 0.01) 0.02) 0.05)
(continuous)
Sex
Male ref ref ref ref
Female -0.12 -0.27 -0.08 0
(-0.66-0.42) (-1.25-0.71) (-1.44-1.28) (-0.33-0.34)
Sex and MHO 12MA
interaction
Male ref ref ref ref
Female 0 0.01 0 -0.02
(-0.01-0.01)  (-0.02-0.03)  (-0.04-0.04)  (-0.07-0.03)
MHO 12-Mo Fellowship 20.07 (025~ -0.01(-0.23- 0.1 (-0.51 -
Invovlement 0 (-0.06 - 0.07)
(continuous)® 0.12) 0.21) 0.3)
Sex
Male ref ref ref ref
Female -0.17 -1.02 2.1 -0.02
(-5.6-5.26) (-10.54-8.5) (-11.3-15.5) (-3.28-3.25)
Sex and MHO 12F1
interaction
Male ref ref ref ref
Female 0.01 0.02 -0.06 -0.04
(-0.08-0.1) (-0.25-0.29) (-0.41-0.29) (-0.54-0.45)
MHO 12-Mo Step Work [ -0.01 (-0.05 - -0.01 (-0.11 - -0.01 (-0.13 - 0.07 (-0.16 -
(continuous)® 0.02) 0.1) 0.11) 0.29)
Sex
Male ref ref ref ref
Female 0.26 -1.39 1.45 0.18
(-2.55-3.06) (-6.73-3.95) (-5.9-8.81) (-1.65-2.01)
Sex and MHO 12SW
interaction
Male ref ref ref ref
Female 0 0.03 -0.04 -0.1
(-0.05-0.05) (-0.12-0.18) (-0.24-0.15) (-0.38-0.17)
MHO 12-Mo Total -0.02 (-0.12 - -0.08 (-0.36 - -0.03 (-0.37 - -0.03 (-0.65 -
Score (continuous)” 0.09) 0.2) 0.3) 0.59)
Sex
Male ref ref ref ref
Female -0.03 -2.68 3.48 0.17
(-8.36-8.3) (-17.42-12.06)  (-16.95-23.9) (-4.89-5.23)
Sex and MHO 12TS
interaction
Male ref ref ref ref
Female 0.01 0.06 -0.1 -0.17
(-0.13-0.15) (-0.36-0.48) (-0.64-0.43) (-0.93-0.6)

Table 3. 8 Adjusted Linear Regression of the Effect of 12-Month MHO activity on Measures of

Negative Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, VIQ, and DOA
® Mutual-Help Organization

¢ Liebowitz Social Anxiety Scale
4 State-Trait Anxiety Index

¢ Pennsylvania Alcohol Craving Scale
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Measures of Anxiety and Craving for past 90 Days (B, 95% CI)
Social Anxiety® | STAI" state | STAI trait | PACS*
MHO" 90-Day Meeting 0.01 (-0.02 -
Attendance 0(-0.01 -0) 0(-0.02-0.01) 0(-0.02-0.02) 0.05)
(continuous)”
Sex
Male ref ref ref ref
Female -0.2 -0.15 0.08 -0.02
(-0.66-0.25) (-0.99-0.7) (-1.07-1.24) (-0.3-0.26)
Sex and MHO 90MA
interaction
Male ref ref ref ref
Female 0 0 -0.01 -0.03
(0-0.01) (-0.02-0.02) (-0.04-0.02) (-0.07-0.02)
MHO 90-Day 0.06 (-0.26 - -0.01 (-0.24-  -0.09 (-0.52 -
Fellowship Involvement |0 (-0.07 - 0.07)
(continuous)” 0.13) 0.22) 0.34)
Sex
Male ref ref ref ref
Female -0.07 -2.07 2.11 -0.07
(-5.73-5.6) (-12.23-8.09)  (-12.11-16.33)  (-3.55-3.42)
Sex and MHO 90FI
interaction
Male ref ref ref ref
Female 0 0.05 -0.06 -0.05
(-0.09-0.1) (-0.24-0.34) (-0.44-0.31) (-0.57-0.47)
MHO 90-Day Step -0.01 (-0.03 - 0.02 (-0.05 - -0.02 (-0.19 -
Work (continuous)® 0.02) 0.1) 0 (-0.09 - 0.09) 0.14)
Sex
Male ref ref ref ref
Female 0.04 1.08 1.69 0.06
(-2.06-2.14) (-2.86-5.02) (-3.74-7.13) (-1.27-1.4)
Sex and MHO 90SW
interaction
Male ref ref ref ref
Female 0 -0.04 -0.05 -0.05
(-0.03-0.04) (-0.15-0.08) (-0.19-0.1) (-0.25-0.16)
MHO 90-Day Total -0.01 (-0.11 - -0.04 (-0.32-  -0.01 (-0.33 - -0.1 (-0.69 -
Score (continuous)® 0.08) 0.23) 0.31) 0.49)
Sex
Male ref ref ref ref
Female -0.23 -1.13 3.89 -0.02
(-8.09-7.63)  (-15.31-13.04) (-15.68-23.45)  (-4.82-4.77)
Sex and MHO 90TS
interaction
Male ref ref ref ref
Female 0.01 0.01 -0.11 -0.12
(-0.12-0.14) (-0.39-0.42) (-0.63-0.4) (-0.84-0.6)

Table 3. 9 Adjusted Linear Regression of the Effect of 90-Day MHO activity on Measures of Negative

Affective States.

The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, VIQ, and DOA
® Mutual-Help Organization

¢ Liebowitz Social Anxiety Scale

4 State-Trait Anxiety Index

¢ Pennsylvania Alcohol Craving Scale
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Measures of Positive Affective States (B, 95% CI)

Sex and DMHO (years)
interaction

(-55.56-100.36) (-87.23-68.03)

(-60.13-98.82)

(-92.48-50.24)

(-45.79-45.55)

MAACL
MAACLS MAACL Positive Affect Twelve
. Sensation Sensation POMS* Vigor Happiness® .
Positive Affect . . Promises Scale
Seeking Seeking
(Composite)
Duration of MHO" 0.45 (:0.6 - 1.5) 0.12 (-0.8 - 0.47 (-0.63 - -0.25 (-0.89 - 2.61 (-3.87 - 0.1 (-0.27 -
(years)” ' ' ’ 1.04) 1.57) 0.38) 9.09) 0.47)
Sex
Male ref ref ref ref ref ref
22.4 -9.6 19.34 -21.12 -0.12 -4.52
Female

(-77.67-68.64)

Male ref ref ref ref ref ref
Female -0.31 0.25 -0.27 0.44 0.74 0.09
(-1.61-1) (-1.17-1.67) (-1.61-1.08) (-0.75-1.63) (-8.48-9.96) (-0.64-0.83)
MHO total activity -0.58 (-1.78 - 0.07 (-0.97 - -0.35 (-1.61 - 0.38 (-0.34 - 4.07 (-3.35 -
(continuous)® 0.62) 1.11) 0.91) 1.1) 11.5) 0.42 (0.02-0.82)
Sex
Male ref ref ref ref ref ref
Female -48.84 -31.37 -40.51 4.61 5.06 13.53 (-70.69 -
(-137.74-40.06) (-119.35-56.6) (-132.03-51.01) (-76.34-85.55) (-47.26-57.39) 97.75)
Sex and MHO total
activity interaction
Male ref ref ref ref ref ref
Female 0.85 0.59 0.71 -0.07 -1 -0.12 (-0.98 -
(-0.63-2.34) (-1.02-2.2) (-0.84-2.26) (-1.42-1.27) (-11.57-9.57) 0.74)
MHO Total Attendance -0.02 (-0.1 - 0.02 (-0.05 - -0.01 (-0.09 - 0.02 (-0.02 - 0.23 (-0.23 - 0.03 (0.01-0.05)
(continuous)” 0.05) 0.08) 0.07) 0.07) 0.69)
Sex
Male ref ref ref ref ref ref
Female -1.95 -0.77 -1.1 0.07 0.31 1.51 (-24.1 -
(-7.54-3.64) (-6.23-4.69) (-6.84-4.65) (-4.93-5.06) (-2.96-3.57) 30.86)
Sex and MHO Total
Attendance interaction
Male ref ref ref ref ref ref
0.03 0.01 0.02 0 -0.07 -0.01 (-0.31 -
Female (-0.06-0.13) (-0.09-0.11) (-0.08-0.12) (-0.09-0.08) (-0.73-0.58) 0.25)

Table 3. 10 Adjusted Linear Regression of the Effect of History of total MHO activity on Measures of
Positive Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, and VIQ, and DOA
® Mutual-Help Organization

¢ Multiple Affect Adjective Checklist
4Profile of Mood States

¢ Subjective Happiness Scale




Measures of Positive Affective States for Lifetime (§, 95% CI)

MAACL
MAACLS MAA?L Positive éffect Twelve
. Sensation Sensation POMS* Vigor Happiness® .
Positive Affect . . Promises Scale
Seeking Seeking
(Composite)
MHO" Lifetime Meetin;
aiailige * 0 (-0.03 - 0.03) 0.01&(-)2.)02 i 0'010F62503 ) 0'010_(63')01 ) 0'090‘(;;')” T 0.01(0-0.02)
(continuous)
Sex
Male ref ref ref ref ref ref
Female -0.22 0.72 0.34 -0.06 0.29 0.96 (-1.12 -
(-2.56-2.11) (-1.56-2.99) (-2.04-2.72) (-2.16-2.03) (-1.07-1.66) 3.04)
Sex and MHO LMA
interaction
Male ref ref ref ref ref ref
Female 0.01 -0.01 0 0 -0.04 -0.01 (-0.03 -
(-0.03-0.04) (-0.05-0.03) (-0.04-0.04) (-0.03-0.04) (-0.32-0.23) 0.01)
MHO Lifetime 0.04 (-0.3 0.02 (-0.21 0.05 (0.1 0.89 (-0.71
Felloszhlp Ir:volvement 0.21) 0.24) 0(-0.27-0.27) 0.21) 2.49) 0.09 (0-0.17)
(continuous)
Sex
Male ref ref ref ref ref ref
Female -8.05 0.89 -5.07 1.87 2.59 2.25(-1.12 -
(-26.9-10.81)  (-18.45-20.24) (-24.59-14.45) (-15.81-19.56) (-8.67-13.86) 3.04)
Sex and MHO LFI
interaction
Male ref ref ref ref ref ref
Female 0.15 0 0.1 -0.02 -0.38 -0.01 (-0.2 - -
(-0.16-0.47) (-0.35-0.35) (-0.23-0.43) (-0.31-0.28) (-2.65-1.9) 0.17)
MHO Lifetime Step -0.06 (-0.26 - 0.06 (-0.11 - 0.01 (-0.2 - 0.07 (-0.05 - 1.02 (-0.2 - 0.06 (-0.01 -
Work (continuous)” 0.15) 0.23) 0.22) 0.19) 2.23) 0.13)
Sex
Male ref ref ref ref ref ref
Female -6.78 -1.42 -3.68 0.33 4.49 1.72
(-21.71-8.15)  (-16.09-13.25) (-18.97-11.61) (-13.04-13.69) (-4.07-13.04) (-11.41-14.84)
Sex and MHO LSW
interaction
Male ref ref ref ref ref ref
Female 0.11 0.02 0.06 -0.01 -0.96 -0.02
(-0.14-0.36) (-0.25-0.29) (-0.2-0.32) (-0.23-0.21) (-2.69-0.76) (-0.15-0.11)
MHO Lifetime Total -0.1 (-0.57 - 0.09 (-0.33 - 0.02 (-0.48 - 0.13 (-0.15 - 1.99 (-0.89 - 0.16 (0-0.31)
Score (continuous)” 0.36) 0.5) 0.51) 0.41) 4.86)
Sex
Male ref ref ref ref ref ref
Female -15.05 0.19 -8.41 2.14 7.37 5.6 (-27.21 -
(-49.62-19.53)  (-34.7-35.09) (-44-27.18) (-29.61-33.88)  (-12.9-27.65) 38.4)
Sex and MHO LTS
interaction
Male ref ref ref ref ref ref
Female 0.27 0.01 0.16 -0.02 -1.38 -0.05 (-0.38 -
(-0.31-0.85) (-0.62-0.65) (-0.44-0.76) (-0.55-0.5) (-5.48-2.71) 0.29)

Table 3. 11 Adjusted Linear Regression of the Effect of History of Lifetime MHO activity on
Measures of Positive Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, and VIQ, and DOA
® Mutual-Help Organization
¢ Multiple Affect Adjective Checklist
4Profile of Mood States

¢ Subjective Happiness Scale
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Measures of Positive Affective States for past 12 Months (B, 95% CI)

MAACL
MAACLS MAA?L Positive éffect Twelve
o Sensation Sensation POMS" Vigor Happiness® .
Positive Affect Seeking Seeking Promises Scale
(Composite)
MHO" 12-Mo Meetin
Atten.dance ) ¢ ‘0'0:)_(0'%04 T 0(-0.02-0.02) '0'01)_(0';))‘04 ) 0'010_((‘)2')01 ; 0'0(7)_(2‘4?)'1 . 0.01 (0-0.02)
(continuous)
Sex
Male ref ref ref ref ref ref
Female -0.84 -0.7 -0.72 0.18 -0.04 0.45 (-1.41 -
(-2.86-1.17) (-2.68-1.28) (-2.8-1.36) (-1.64-1.99) (-1.23-1.15) 2.32)
Sex and MHO 12MA
interaction
Male ref ref ref ref ref ref
0.01 0.01 0.01 0 0
Female (:0.02-0.05)  (-0.02-0.05)  (-0.02-0.05)  (-0.03-0.03)  (-0.24-0.24) °(0:02-0.0D
MHO 12-Mo Fellowship | - ) 45 003 (:025- -017(044-  0.1(-006-  0.64(-1.03-
Invovlement 0.1 (0.01-0.18)
(continuous)* 0.06) 0.19) 0.11) 0.25) 2.3)
Sex
Male ref ref ref ref ref ref
Female -14.53 -13.29 -14.67 0.47 -0.56 2.66 (-15.83 -
(-33.65-4.6) (-32.08-5.5) (-34.3-4.95)  (-17.19-18.13) (-12.27-11.14) 21.16)
Sex and MHO 12FI
interaction
Male ref ref ref ref ref ref
Female 0.25 0.25 0.26 -0.01 0.12 -0.02 (-0.21 -
(-0.07-0.57) (-0.1-0.59) (-0.08-0.59) (-0.3-0.28) (-2.24-2.49) 0.17)
MHO 12-Mo Step Work | -0.05 (-0.19 - 0.02 (-0.11 - -0.02 (-0.17 - 0.03 (-0.06 - 0.25 (-0.66 - 0(:0.22 - 0.23)
(continuous)” 0.1) 0.14) 0.13) 0.11) 1.15)
Sex
Male ref ref ref ref ref ref
Female -2.37 0.57 -0.61 1.31 -0.06 0.58
(-13.08-8.34)  (-10.08-11.21) (-11.63-10.41) (-8.46-11.07) (-6.42-6.31) (-1.68-2.83)
Sex and MHO 12SW
interaction
Male ref ref ref ref ref ref
Female 0.04 -0.01 0.01 -0.02 -0.01 -0.09
(-0.14-0.22) (-0.21-0.18) (-0.18-0.2) (-0.19-0.14) (-1.3-1.28) (-0.39-0.21)
MHO 12-Mo Total -0.25(-0.66 - -0.01 (-0.36 -  -0.19 (-0.62 - 0.13 (-0.11 - 0.95 (-1.61 - 0.14 (0-0.27)
Score (continuous)” 0.15) 0.34) 0.23) 0.38) 3.51)
Sex
Male ref ref ref ref ref ref
Female -17.74 -13.42 -16 1.95 -0.66 4.55(-9.27 -
(-47.7-12.23)  (-43.23-16.38) (-46.97-14.97) (-25.51-29.41) (-18.7-17.38) 12.14)
Sex and MHO 12TS
interaction
Male ref ref ref ref ref ref
Female 0.31 0.25 0.28 -0.04 0.11 -0.04 (-0.12 -
(-0.2-0.81) (-0.3-0.79) (-0.25-0.8) (-0.49-0.42) (-3.53-3.76) 0.09)

Table 3. 12 Adjusted Linear Regression of the Effect of History of 12-Month MHO activity on

Measures of Positive Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, and VIQ, and DOA
® Mutual-Help Organization
¢ Multiple Affect Adjective Checklist
4Profile of Mood States

¢ Subjective Happiness Scale
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Measures of Positive Affective States for past 90 Days (B, 95% CI

MAACL
MAACLS MAA(?L Positive éffect . o Twelve
Positive Affect Sse:::::;n S;::::;:;n POMS" Vigor Happiness Promises Scale
(Composite)
MHO" 90-Day Meetin:
Attendance ny : '0'0;(0'?)'03 i 0'010‘((')2')01 T 0(-0.03-0.02) 0'010;2‘)01 i 0'08023')07 T 0.01(0-0.02)
(continuous)
Sex
Male ref ref ref ref ref ref
Female -0.88 -0.79 -0.72 -0.04 0.05 0.14
(-2.62-0.86) (-2.44-0.86) (-2.5-1.07) (-1.6-1.51) (-0.97-1.08) (-1.36-1.65)
Sex and MHO 90MA
interaction
Male ref ref ref ref ref ref
Female 0.01 0.01 0.01 0 -0.03 0
(-0.02-0.04) (-0.02-0.04) (-0.02-0.04) (-0.03-0.02) (-0.24-0.17) (-0.02-0.01)
MHO 90.-Day -0.2 (-0.47 - -0.03 (-0.26 - -0.17 (-0.45 - 0.1 (-0.07 - 0.66 (-1.05 -
Fellowship Involvement 0.1 (0-0.19)
. o 0.08) 0.19) 0.12) 0.26) 2.38)
(continuous)
Sex
Male ref ref ref ref ref ref
Female -13.58 -15.9 -14.61 0.49 -1.37 2.6 (-1.56 -
(-33.68-6.52)  (-35.03-3.23)  (-35.17-5.95) (-17.99-18.97) (-13.47-10.73) 1.75)
Sex and MHO 90FI
interaction
Male ref ref ref ref ref ref
Female 0.23 0.29 0.25 -0.01 0.26 -0.02 (-0.02 -
(-0.1-0.57) (-0.06-0.64) (-0.1-0.6) (-0.32-0.3) (-2.18-2.71) 0.02)
MHO 90-Day Step -0.02 (-0.13 - 0.02 (-0.07 - 0(-0.11-0.11) 0.01 (-0.05 - 0.39 (-0.23 - 0.02 (-0.01 -
Work (continuous)® 0.09) 0.11) 0.07) 1.01) 0.06)
Sex
Male ref ref ref ref ref ref
Female -1.59 -1.46 -0.77 0.08 -0.34 0.42
(-9.51-6.33) (-9.13-6.22) (-8.87-7.33) (-7.15-7.3) (-4.71-4.04) (-6.71-7.55)
Sex and MHO 90SW
interaction
Male ref ref ref ref ref ref
Female 0.03 0.03 0.01 0 0.04 0
(-0.11-0.16) (-0.11-0.17) (-0.12-0.15) (-0.12-0.12) (-0.84-0.92) (-0.08-0.07)
MHO 90-Day Total -0.23 (-0.61-  -0.01 (-0.33 - -0.17 (-0.57 - 0.12 (-0.11 - 1.13 (-1.22 - 0.12 (0 - 0.25)
Score (continuous)” 0.16) 0.31) 0.23) 0.35) 3.49)
Sex
Male ref ref ref ref ref ref
Female -16.05 -18.14 -16.1 0.52 -1.65 4.08
(-44.41-12.3)  (-45.25-8.97) (-45.2-13) (-25.45-26.49) (-18.24-14.94) (-20.86-29.01)
Sex and MHO 90TS
interaction
Male ref ref ref ref ref ref
Female 0.27 0.33 0.28 -0.01 0.27 -0.04
(-0.2-0.75) (-0.17-0.82) (-0.22-0.77) (-0.45-0.42) (-3.08-3.62) (-0.29-0.21)
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Table 3. 13 Adjusted Linear Regression of the Effect of History of 90-Day MHO activity on Measures
of Positive Affective States.
The 95% confidence intervals of the mean differences are presented. Effects significant at p < 0.05

are in bold.

* Adjusted for age, education, and VIQ, and DOA
® Mutual-Help Organization
¢ Multiple Affect Adjective Checklist
4Profile of Mood States

¢ Subjective Happiness Scale
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Figure 3. 1 Locally Weighted Scatterplot Smoothing (LOWESS) analysis representing the increasing
scores on the Twelve Promises Scale in association with the increasing Total Mutual-Help
Organization (MHO) Activity.
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Discussion

The concept of emotional sobriety characterizes a distinctive way of being in the
world — a way of being that has both subjective (affective) and objective (neural and
behavioral) correlates. This affective homeostasis is reputed to be the goal and/or
byproduct of specific recovery-related behaviors, such as abstinence and active
involvement in the various elements of MHOs (Wilson, 1958). The majority of research
that has explored these associations has focused primarily on the latent mechanisms of
behavior change that may be operative within MHOs. Seldom are the effects of MHOs
considered with respect to their possible mechanisms of affective change. Therefore, in
the present study, we sought to investigate this line of inquiry by examining whether
greater degrees of MHO activity were associated with affective differences among
abstinent AUDm and AUDw.

There were several main findings in relation to our objective: (1) greater total
MHO activity and total MHO attendance were associated with higher positive affective
states; (2) greater lifetime and 12-month meeting attendance and fellowship involvement,
in addition to 90-day fellowship involvement, were associated with increases in positive
affective states; (3) greater anger was associated with higher 12-month MHO attendance;
(4) increases in duration of MHO involvement were associated with increases in levels of
depression and hostility for the AUDm but with decreases in the same for the AUDw; (5)
increasing lifetime MHO fellowship involvement was associated with increases in anger
among the AUDm but with decreases in the same for the AUDw. We discuss each of

these findings in what follows.
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Consistent with our first hypothesis for this study, greater total MHO activity was
positively correlated with measures of positive affective states, even after adjusting for
DOA, thus suggesting an independent MHO-specific effect on affective states. The
measure of total MHO activity comprised a summation of the cumulative total scores for
all measures of MHO activity (i.e., meeting attendance, fellowship involvement, and step
work) across all three timeframes (i.e., lifetime, 12-month, and 90-day). The scope of this
variable was expected to capture the potential treatment benefit associated with the
various dimensions of active MHO involvement. This (and all other) measure(s) of MHO
activity was significantly associated with only one measure of positive affective states:
the TPS. This association is especially interesting given that the TPS is the only measure
employed within this study that was designed specifically to assess 12-step MHO-
specific psychological well-being (Kelly & Greene, 2013). It should be noted that greater
total MHO attendance was also significantly associated with higher TPS scores, although
the magnitude of the effect size for the association between TPS and total MHO activity
was larger than the association between the TPS and total MHO attendance. This finding
suggests that the behavioral elements comprised by the total MHO activity variable, i.e.,
fellowship involvement and step work, may have had an additional therapeutic effect on
affective states. This inference is further confirmed by the fact that meeting attendance
was positively correlated with the TPS for the lifetime and 12-month timeframes, but not
for the 90-day timeframe, whereas fellowship involvement was positively correlated with
the TPS for all three timeframes. These associations indicate that at least some of the

elements intrinsic to the fellowship involvement variable (i.e., active behavioral
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engagement in meetings and fellowship activities) account for the difference.

This pattern of findings ran contrary to our second hypothesis for this study, in
which we predicted that the affect-related “response” would correspond to an acute
“dose” of the treatment, as measured by 90-day MHO activity, rather than a cumulative
dose, as measured by lifetime and 12-month MHO activity. Although greater 90-day
fellowship involvement was associated with TPS increases, a more consistent pattern
emerged with respect to the association between TPS increases and greater lifetime/12-
month meeting attendance and fellowship involvement. Thus, it appears that increased
MHO involvement along multiple dimensions over time is necessary for the affect-related
benefits to accrue. Our findings therefore complement previous findings reported by
Kelly and colleagues in a study considering the effect of MHO involvement on
psychological well-being (Kelly & Greene, 2013).

Implicit within our hypotheses concerning the effect of MHO activity on affective
states was the expectation of the step-work variable being integral to these differences.
However, step work was not significantly associated with any measure of positive affect
within any of the timeframes. The absence of this expected association was surprising for
the following reasons: First, the “twelve promises,” for which the TPS is named and
purported to measure, describe 12 examples of affective changes that are “promised” by
the author of the Alcoholics Anonymous (AA) Big Book within the context of the ninth
step. The excerpt from the Big Book containing these “promises,” which is frequently
read at the conclusion of 12-step MHO meetings, suggests that individuals who endeavor

to complete the first nine steps will experience ‘a new freedom, happiness, serenity, and
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peace,’ in addition to the cessation of feelings such as ‘uselessness, self-pity, self-
seeking, fear of others, and fear of economic insecurity’ (AA, 2001, pp. 83-84). Although
participants endorsed corollaries of these “promises” on the TPS, such endorsements
were observed in relation to meeting attendance and fellowship involvement, rather than
in relation to step work, suggesting perhaps that these affective differences are more
attributable to the interpersonal dynamics of the fellowship instead of the intrapersonal
dynamics of the step work.

The second reason we were surprised that the step-work variable did not approach
statistical significance with respect to measures of positive affective states is that one of
the specific behaviors comprised within this variable concerned the Step 11 practice of
prayer and meditation, for which previous research, unrelated to addiction recovery, has
observed a therapeutic effect upon different types of affective states, including stress and
depression (Goyal et al., 2014). We propose three possibilities concerning the lack of
significant association detected between the variable comprising meditation (step work)
and positive affect: (1) our measures were not sensitive enough to reveal an association
between meditation and mood; (2) the therapeutic benefit of meditation is not substantial
enough to offset the negative affective states that commonly characterize addiction; and
(3) the therapeutic benefit of meditation is not substantial enough to offset the negative
affective states that potentially characterize other step work behaviors. The third
possibility may at first appear counter-intuitive, given that the change we expect to
observe in association with treatment is an increase in positive affect. However, we

consider that many types of positive change are initially accompanied by subjective
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discomfort. Physiological growth, for example, is frequently preceded by stress and
attendant adaptation. Similarly, emotional growth, which may be understood as an
expansion of the capacity for higher-order affective states (e.g., happiness,
purposefulness), also is frequently preceded by affective stressors and discomfort (James,
1985; Jung, 1977). We suggest interpreting several of the behaviors constitutive of step
work along similar lines inasmuch as many of these behaviors entail intense introspection
in addition to the adoption and implementation of altruistic attitudes that, in many cases,
likely come very unnaturally and, therefore, uncomfortably to AUD individuals for a
variety of reasons, including past experiences (e.g., trauma) and personality types (e.g.,
antisocial) (Littlefield & Sher, 2010; Nixon & Parsons, 1990; Oscar-Berman et al., 2009;
Ruiz et al., 2017). Perhaps the hypothesized discomfort of step work is attested to by
virtue of the evidence that a very small proportion of those within MHOs report having
performed the steps (Kelly, Stout, et al., 2011). Of course, the subjective discomfort and
difficulty of step work is hardly misrepresented within AA’s literature. Indeed, it is
described within the Big Book as a process consisting of “huge emotional displacements
and rearrangements” requiring “self-searching, leveling of . . . pride, [and] the confession
of shortcomings . . . for its successful consummation,” in place of which individuals
commonly desire and seek “an easier, softer way” (AA, 2001). Perhaps most relevantly,
the aforementioned Ninth Step Promises are couched between two instructive lines
within the Big Book: “If we are painstaking about this [step] . . .” (emphasis added to
“pain”) and “[The ninth step promises] will always materialize if we work for them”

(emphasis added to “work™) (AA, 2001, p. 84). With these considerations in mind, we
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suggest that, although the measures of step work that we employed were not directly
associated with the measures of psychological well-being assessed, step work may yet
have a more distal therapeutic benefit through its function as a catalyst for emotional
growth. Additionally, we propose that the spiritual/altruistic principles encoded within
the 12 Steps are embodied within the culture of the MHO fellowship. Therefore, MHO
meeting attendance and fellowship involvement may owe their distinctive therapeutic
benefit to the ambient cultural influence of a unique 12-step ethos that pervades these
communities. In this way, the steps potentially have their effect on the individual from
the top down, that is, from the action of the higher-level fellowship onto its constituent
parts, rather than from the bottom up. We discuss the mechanisms underlying such
possibilities in the next chapter.

Lastly, we detected sex differences with respect to the association between MHO
activity and affective states. Previous research has considered whether AA may work
differently for the sexes primarily in terms of its effect on behavior change (Kelly &
Hoeppner, 2013; Witbrodt & Delucchi, 2011). Yet, few have considered these differences
in terms of affective changes. We found one significant sex interaction suggesting that
MHOs might yield sex-specific affect-related therapeutic effects. Anger tended to
decrease in association with increasing lifetime MHO fellowship involvement for
AUDw, while it increased among AUDm. This interaction may hint at a possible affect-
related sex difference with respect to the motivation to become involved with the various
dimensions of MHOs. For example, AUDm may become involved to relieve negative

affective states, whereas AUDw may become involved to keep negative affective states
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in abeyance. Such sex differences in the effect of MHO treatment also may be
representative of sex-specific differences in brain regions involved in affective processing
and regulation (addressed in the next chapter), or they may be endemic to the dynamic
interplay between gender and sociocultural influences related to different life stages that
overlap with varying degrees of different types of MHO activity, or some combination
thereof. Perhaps most importantly, these findings suggest that affect-related treatment
approaches should correspond to relevant factors, such as sex, life-stage, and type of
MHO activity recommended. Future research is needed to determine with greater
specificity the differential effect MHO involvement may have on affective states between

the sexes.

Limitations

All of these findings should be considered in light of a few significant limitations
of this study. The initial limitations pertain to the nature of the sample itself. First, due to
the relatively small sample size, the sample was underpowered to detect all of the
potentially statistically significant differences present. Another sample-related limitation
pertains to the “type” of recovering AUD individual that participates in a study about
recovery from AUDs. Many individuals who have recovered or resolved an AUD can be
regarded as “high-functioning” and may have never suffered the loss of their employment
or other financial/social resources, while many others go on to procure these resources
with continued time in recovery. Thus, many of these recovering individuals are

unmotivated by the money offered by a research study, or they cannot spare the time
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required to participate, frequently because their lives have become full due to recovery.
Therefore, it remains to be seen precisely how representative of the entire recovering
population the participants of this study were. By the same token, it is unclear how
representative the sample from this study is of the larger national AUD population
inasmuch as selection for participation was limited to Boston, MA and its environs,
which is characterized by a higher average IQ and level of education than that of the U.S.
national averages (Kanazawa, 20006).

The remaining limitations of the study were methodological. For example, due to
the cross-sectional and correlational nature of the data, we can only detect interindividual
differences, rather than intraindividual changes in affective states associated with MHO
activity. Therefore, caution should be taken in extrapolating conclusions about such
changes. Next, none of the measures we employed were intended to assess optimal
(‘homeostatic’) affective experience. We merely used higher scores on measures of
positive affective states as a proxy for emotional sobriety, because it feels good to feel
balanced. Finally, the results also may have been influenced by factors not assessed in
this study, such as personality, diet/nutrition, exercise, genetic predispositions, additional
nonpharmacological therapeutic influences (e.g., psychotherapy), all of which might have
had an effect on affective states and MHO activity. Further, there was no consideration of
whether any other non-drug (behavioral) addictions had been acquired over the course of
abstinence, as is common among the AUD population (White & Kurtz, 2006), which
might have served a coping function to attain affective homeostasis in the absence of the

primary addiction.
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Conclusion

Understanding the behavioral correlates of emotional sobriety has clinical utility
insofar as it enables clinicians and treatment providers to potentially leverage, replicate,
and prescribe such behaviors to those who still suffer from the affective disequilibrium
that commonly characterizes addictive disorders. This study found that a proxy of
emotional sobriety, increases in positive affect, was associated with greater degrees of
MHO activity and that such improvements may accrue through a gradual expansion of
affective consciousness. This study provides an empirical basis for recommending MHO

activity to AUD individuals for the treatment of affective disequilibrium.
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CHAPTER 4

DISCUSSION

Introduction

We began this dissertation by proposing that recovery from addiction need not be
understood in terms of changes in addictive behaviors, but also in terms of qualitative
changes at the affective level of experience. Such affective changes are widely regarded
as constituting what has been referred to as “emotional sobriety.” We described this
emotional sobriety as a type of dynamic equilibrium with respect to the variability of both
the valence and intensity of affective experience — a state we referred to as affective
homeostasis. We hypothesized that the affective and behavioral changes that characterize
recovery from addiction emerge together along with corresponding neuroadaptations at
the level of the Brain Reward System (BRS). Therefore, our primary aim in this
dissertation was to identify the neural and behavioral correlates of emotional sobriety,
which, we proposed, would ultimately lead to better diagnostic, treatment, and prevention
strategies for those who still suffer from addiction. To that end, we sought to determine
whether specific recovery-related behaviors (i.e., abstinence and Mutual-Help
Organization (MHO) activity) were associated with structural differences of the BRS, in
addition to differences in affective states. Establishing these associations required three
independent studies, each of which revealed essential information in order to answer this
complex question.

To provide a context for the final conclusions derived from the research described
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in this dissertation, we provide a summary of the main results of each study. The
summaries provide the basis for integrating and interpreting the findings in relation to

each other, to answer our central research questions.

Summary of Studies

Study One

In the first study (Chapter One), our objective was to examine the association
between the recovery-related behavior of abstinence and volumetric measures of the BRS
and its subregions. The main finding from this study was that differences in durations of
abstinence (DOA) did, in fact, correlate with regional differences of volumetric measures
of the BRS, specifically among regions known to be involved in affective processing. In
particular, we found that short-/mid-term abstainers had abnormally high posterior insula
volume, relative to the NC group, whereas no such significant difference was found in
this region between the long-term abstainers and the NC group. Similarly, the long-term
abstainers appeared to have lower total and left anterior cingulate cortex (ACC) volume,
relative to the NC group, and lower left posterior cingulate cortex (PCC), relative to the
short-/mid-term abstainers. Sex differences were found in the association between DOA
and volumetric measures, with the long-term abstinent AUDw exhibiting significantly

higher volume of the right posterior insula, compared to the long-term abstinent AUDm.
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Study Two

In the second study (Chapter Two), we examined the association between the
recovery-related behavior of abstinence and measures of affective states. The main
finding of this study was that there were different affective profiles characterizing the
short-/mid-term abstainers compared to the NC group. In particular, short-/mid-term
abstainers were characterized by higher negative affect and lower positive affect than the
NC group, whereas, with the exception of the higher levels of depression, there was no
significant difference on any affective measure between the long-term abstainers and the
NC group. Sex differences also were detected in the association between DOA and
affective measures, with long-term abstinent AUDw exhibiting decreases on measures of
depression, anxiety, and dysphoria, whereas long-term abstinent AUDm exhibiting

increases on these measures.

Study Three

In the third study (Chapter Three), we sought to extend the findings from the
previous study by examining the independent effect that a common type of treatment for
AUD:s (i.e., MHO activity) had upon affective states, over and above that observed in
association with abstinence. The central finding from this study was that Total MHO
Activity was associated with higher positive affect, independent of DOA. Moreover, this
association appeared to be particularly relevant to the cumulative (i.e., lifetime, 12-
month) effect of MHO activity, rather than the acute effect of more recent (i.e., 90-day)

MHO activity. The primary variables constitutive of MHO activity, which appeared to be
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associated with the affective improvements, were meeting attendance and fellowship
involvement.
Complementary Findings

In the previous section, we briefly recounted the primary findings from each
study. In this section, we discuss the complementariness of these findings within the
context of our central objective — to identify the neural and behavioral correlates of
emotional sobriety. We begin by describing how the BRS-related findings from Study
One are related to the affect-related findings from Study Two, before suggesting possible
neural correlates of the MHO-specific behavioral and affective changes from Study
Three. Our objective is to conceptually link each the findings from each study with one

another in a way that informs future research in this area.

The Brain Reward System Mediates Abstinence-Related Affective Changes

The hypotheses proposed for Study One and Study Two considered the
association between DOA (independent variable) and multiple measures (dependent
variable) applicable to both to AUD individuals and to NCs. In both studies, we
operationalized DOA in terms of well-established recovery-related milestones. Short-
term abstinence referred to one year or less of continuous abstinence. Mid-term
abstinence referred to greater than one year and less than five years of continuous
abstinence. Long-term abstinence referred to greater than five years of continuous
abstinence. Since there were no significant differences between the short-/mid-term

abstainers with respect to the variables of interest, we dichotomized the AUD group
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according to short-/mid-term abstainers (less than five years) and long-term abstainers
(greater than five years) to determine the influence of DOA on the relevant dependent
variables. In both studies, we performed the following comparisons: (1) AUD vs. NCs;
(2) short-/mid-term abstainers vs. NCs; (3) long-term abstainers vs. NCs; (4) short-/mid-
term abstainers vs. long-term abstainers; (5) long-term abstinent AUDw vs. long-term
abstinent AUDm; and (6) AUDw vs. AUDm. Our first hypothesis for both of these
studies considered comparisons (1) to (3), while our second hypothesis considered
comparison (4), and our third hypothesis considered comparisons (5) and (6). All of these
comparisons were conducted with respect to the association between volumetric
measures of the BRS and its subregions (Study One) and measures of affective states
(Study Two). Our rationale for employing this methodology was to systematically link
the neural correlates of an objective behavioral index of recovery from AUDs (i.e.,
abstinence) with affective correlates of the same.

In relation to our first hypothesis for these studies, we found that the AUD group
had significantly lower right and total anterior insula volume and significantly higher
negative affective states, relative to the NCs. The anterior insula plays an integral role in
the facilitation of basic exteroceptive awareness (e.g., vision, touch). Additionally, this
region is thought to be essential for our unique type of consciousness (Craig, 2009), as it
appears necessary for the processing of socially relevant information (e.g., empathy,
resentment, guilt, and shame) (Belden et al., 2015; Gogolla, 2017). Structural and
functional integrity of the anterior insula are associated with an increased sense of

eudaimonic well-being (affective homeostasis) (Lewis et al., 2014), a fact that is reflected
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in our own findings by virtue of the anterior insular volume of the NC group being
associated with normal affective states. Given its functional significance, it is not
surprising that structural deficits of the anterior insula are associated with pathological
behaviors and abnormal affective processing (Ikeda et al., 2018). Confirmation for this
finding comes from previous research, which has revealed that reduced volume in the
anterior insula is associated with chronic alcohol consumption and increased likelihood to
relapse (Betka et al., 2019; Chattopadhyay et al., 2011; Grodin et al., 2017; Senatorov et
al., 2015). Additionally, such behavioral and morphological profiles also are associated
with increases in affective dysregulation (Goodkind et al., 2015; Hatton et al., 2012;
Kawaguchi et al., 2016). It should be noted that we found no difference between the long-
term abstainers and the NC group in anterior insula volume, suggesting that the volume
of this region may increase with continued abstinence, which may have some bearing on
the relative normality of affective states among the long-term abstainers, detected in the
second study. An alternative possibility is that anterior insula volume may have been
larger among long-term abstainers in the first place, thus contributing to their ability to
abstain.

Concerning the second part of our first hypothesis for both studies, we found that
the short-/mid-term abstainers had significantly higher posterior insular volume and
significantly higher negative affective states and lower positive affective states than NCs.
Whereas the anterior insula is integral to exteroceptive awareness, the posterior insula is
essential to interoceptive awareness in the maintenance of physiologic homeostasis

(Strigo & Craig, 2016). However, there is evidence that this region also plays an
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important role in certain types of positively valenced socially salient feedback
(Matsudaira et al., 2016). The relevance of the posterior insula to affective equilibrium
can be observed in relation to the evidence from previous studies demonstrating that
structural abnormalities of this region are associated with affective disorders (Barrett &
Simmons, 2015), both of which also are associated with chronic alcohol consumption and
increased chance of relapse during early abstinence from alcohol (Cardenas et al., 2011;
Durazzo et al., 2017; Durazzo et al., 2011; Zou et al., 2018). Interestingly, that research
also has revealed that alcohol-related volumetric deficits of the entire insula (anterior and
posterior) exhibit morphological “recovery” during early abstinence (Durazzo et al.,
2015; Zou et al., 2018), a finding that could partially explain both the abnormally high
volume we detected in this region and the abnormally high negative affect we observed
among the short-/mid-term abstainers, relative to the NC group. Given the role that the
posterior insula plays in the processing of pain/stress-related signals from the body, and
the increased tendency to feel negatively valenced somataffective experiences during
early abstinence (Heilig et al., 2010) (thereby no longer anesthetized by imbibing
alcohol), we suggest that the relatively larger posterior insula volume we observed in
relation to short-/mid-term abstinence potentially represents a neuronal mechanism that
provides increased cortical supply for increased interoceptive demand. We also consider
that there was no difference in the posterior insula between the long-term abstainers and
the NC group, suggesting that continued abstinence is associated with both a reduction in
the volume of this region and a reduction in affective dysregulation observed in the AUD

group. Further support for this hypothesis comes from a separate mediation analysis we
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conducted, which demonstrated that the effect of abstinence on the lower scores in
depression, as measured by the Hamilton Rating Scale for Depression, was mediated by
the lower volumes of the posterior insula (see Appendix).

Regarding the third part of our first hypothesis for both studies, we observed that
the long-term abstainers had significantly lower volume in the total and left ACC and
relatively normal affective states, with the exception of significantly higher depression
scores than the NC group. Along with the insular cortex, the cingulate cortex is critical to
our species-specific type of affective consciousness. The anterior portion of this structure
integrates motor, visceromotor, reward, and attentional signals to modulate goal-directed
behavior for the sake of homeostasis (Touroutoglou et al., 2019). Hence, higher gray
matter volume in this region has been associated with a unique variety of dispositional
intentionality (i.e., tenacity in the face of a challenge) (Mulert et al., 2005; Touroutoglou
et al., 2019; Van Schuerbeek et al., 2011), as well as greater experiences of subjective
happiness (Matsunaga et al., 2016). Our studies provide further support for the
connection between ACC volume and affective regulation, in that the volumetric deficits
observed in this region were associated with increased depression among the long-term
abstainers, relative to the NC group. These findings correspond with those from previous
studies demonstrating that reduced gray matter volume in the ACC is associated with
chronic alcohol consumption (Xiao et al., 2015), in addition to affective dysregulation,
such as depressed mood states (Boes et al., 2008; Singh et al., 2012). It is interesting,
however, that in our sample, the AUD group with the most negative affect and greatest

likelihood to relapse (i.e., short-/mid-term abstainers) showed no volumetric difference
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from the NC group within the ACC, while decreased ACC volume characterized the
AUD group with the least negative affect and least likelihood to relapse (i.e., long-term
abstainers) (Kelly et al., 2018). Given that abstinence, especially early abstinence,
commonly represents intentional behavior in the face of pathologically conditioned
associations (e.g., temptation), and the role of the ACC in facilitating intentional,
tenacious behavior, we suggest that the relatively normal ACC volume among the short-
/mid-term abstainers may represent three mutually reinforcing possibilities: (1) a deficit
that has been restored through detoxification; (2) a pre-drinking brain characteristic; and
(3) a type of cortical compensatory mechanism that could serve a self-regulatory
behavioral function during the height of affective disequilibrium. After peak negative
affect passes, through the transition into long-term abstinence, perhaps the demand for
intensive effort to abstain attenuates and this function is eventually offloaded onto
cortical resources more appropriate to the task, which may partially explain why the long-
term abstainers exhibited abnormally low volume of the ACC.

With respect to our second hypothesis for these studies, we found that long-term
abstainers had significantly lower volume in the left posterior cingulate cortex (PCC)
than the short-/mid-term abstainers. There were no significant affective differences
between these groups. As a component of the default mode network, the PCC facilitates
aspects of consciousness. For instance, neuroimaging studies have revealed that this
region is involved in processing self-awareness in relation to the present moment (Brewer
et al., 2013). Additionally, the PCC modulates experiences of affective salience through

the integration of multiple cortical and limbic inputs (Rolls, 2019). Since chronic alcohol
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consumption is associated with decreased volume of the PCC (Zakiniaeiz et al., 2017), it
is surprising that such deficits only emerged among our sample of long-term abstainers,
but not among the short-/mid-term abstainers. Also surprising was our observation,
through a separate mediation analysis, that lower volume in the PCC mediated the effect
of abstinence on higher scores on a measure of positive affect (i.e., POMS Vigor) (see
Appendix). This pattern suggests that the relatively larger PCC volumes among the short-
/mid-term abstainers may represent an increased sensitivity or heightened awareness of
self in relation to various interoceptive and exteroceptive stimuli, which may be
associated with the predisposition to affective dysregulation. Further, it suggests that
reduced PCC volume is associated with relative affective homeostasis.

In relation to our third hypotheses, we observed that insular (anterior and
posterior) volume was positively correlated with abstinence and positive affect in the
AUDw, relative to the AUDm. Long-term abstinent AUDw had greater volume in the
right posterior insula and greater positive affect than long-term abstinent AUDm.
Similarly, in the AUDw, but not the AUDm, the volume of the right anterior insula
tended to increase significantly with each year abstinent, along with corresponding
increases in positive affect. We have already observed the relevance of the component
regions of the insula in the facilitation of affective homeostasis, as well as the role of
abstinence in potentially altering the morphological profiles of these regions. The sex
differences we observed in the insula are at least partially attributable to the influence of
gonadal hormones (Becker & Koob, 2016). The affective sex differences that we detected

likely reflects the innate differences in affective processing, which have been observed in
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previous studies (Moriguchi et al., 2014). In general, women tend to exhibit a bias toward
interoceptive processing of momentary arousal ratings, whereas men tend to show
stronger correlations between momentary arousal ratings and exteroceptive (visual)
processing (Moriguchi et al., 2014). In other words, women tend to experience feelings
that are relatively more self-focused, while men tend to experience feelings that are more
world-focused (Moriguchi et al., 2014). Our own findings support this interpretation
within the specific context of recovery from addiction. We suggest that the emergence of
a relatively larger right posterior insula among long-term abstinent AUDw represents the
transition to a more normal sex-specific type of affective processing. That is, perhaps
through continued abstinence, affective states are processed in ways that are more typical
for each sex.

In summary, we have identified some of the behavioral and neural correlates of
emotional sobriety by establishing associations between the different lengths of
abstinence, volumetric measures of the BRS, and affective states. While some of the
effects of abstinence are probably mediated through the reversal of neurotoxic insult
among brain regions affected by chronic exposure to alcohol, such changes likely
occurred during the acute detoxification and protracted withdrawal stages (e.g., the first
year of abstinence) (Heilig et al., 2010; Koob et al., 2014). Yet our results regarding
affective states suggested a tendency to worsen during the initial few years of abstinence,
before they showed signs of improvement. We suggest that this pattern was attributable
to the morphological differences that we observed, which took approximately the same

period of time to manifest. It should be noted, however, that our research was cross-
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sectional rather than longitudinal, and we do not intend to suggest that recovery-related
affective changes are entirely reducible to underlying neuronal changes. The effect of
abstinence on affective states is likely multifactorial. Therefore, we hypothesize that
recovery-related affective changes are attributable to a dynamic interaction between
neuronal and extra-neuronal (i.e., psychosocial) processes that emerge together. For
example, affective improvements may be influenced by socially and/or economically
reinforcing positive feedback — also mediated by neural events — that potentially accrue
within the context of continued abstinence (e.g., procuring relationships and/or resources
that were previously unattainable while in active addiction). It is conceivable, then, that
the behavior of abstinence exerts its influence upon affective states through multiple
pathways and at multiple levels of scale (i.e., core affect, emotion, and mood). Thus,
abstinence might lead one to feel better within him/herself (core affect), about
him/herself (emotion), and/or about the /ife that he/she has because of abstinence (mood).
Improvements within one or more of these domains ostensibly corresponds to

improvements in the overall experience of affective homeostasis.

MHO-Related Behavioral and Affective Changes
In the previous section, we established a conceptual link between the recovery-
related behavior of abstinence, the experience of emotional sobriety, and possible
underlying neural correlates of both. Yet, a substantial proportion of recovering
individuals report that abstinence is necessary but insufficient to attain the type of

emotional sobriety, which they claim to have experienced through active involvement in
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the various dimensions of MHOs (Laudet, 2007; White & Kurtz, 2006). Therefore, we
sought to extend our abstinence-related findings by examining the independent effect of
MHO activity on affective states in our third study. Our findings suggest that MHO
activity is in fact associated with affective improvements, over and above those
associated with abstinence. In this section, we offer informed speculation regarding the
potential neurocognitive mechanisms that might underlie the observed association.

Two particular dimensions of MHO activity were correlated with affective
improvements in our third study, namely, meeting attendance and fellowship
involvement. MHO meeting attendance consisted of physical presence at meetings as
indexed by the frequency and/or quantity of meetings attended during a given time
period. MHO fellowship involvement comprised active behavioral engagement in
meetings (e.g., talking or sharing during meetings or helping to set up and run meetings
(service work)), in addition to active behavioral engagement in the fellowship and its
activities (e.g., obtaining a sponsor or sponsoring others, and having contact with
members outside of meetings) (Kelly, Urbanoski, et al., 2011). Interestingly, these
dimensions of MHO activity were only associated with significant differences on one of
the measures of affective states we employed, the Twelve Promises Scale (TPS). The
TPS was designed specifically to assess and determine the elimination of craving and the
emergence of psychological wellbeing in relation to MHO involvement (Kelly & Greene,
2013). The psychological wellbeing, or positive affective states, that the TPS expressly
measures are increased feelings of usefulness, meaning, purpose, and gratitude (Kelly &

Greene, 2013). No other measure employed in our third study assessed those particular
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types of affective states.

It is not surprising that complex affective states, such as gratitude and
meaning/purpose, would emerge in the context of intrinsically prosocial behaviors, such
as those comprised by MHO meeting attendance and fellowship involvement. As a
fundamentally social emotion, gratitude represents an acknowledgement of what one has
received, rather than what one has given, and thus, it represents social interdependency
(Fox et al., 2015). Gratitude itself, therefore, has the potential to generate reciprocity
among individuals and contribute to social cohesion and consolidation (Ma et al., 2017).
It is also not surprising that the sense of gratitude and the sense of meaning/purpose
emerge in tandem. Both emotions tend to accompany a distinctive way of perceiving and
appreciating where and how one’s self “fits” in relation to others and in relation to a
narrative representation of the past, present, and future. These emotions also possess a
capacity to “go meta,” as for example, when one feels grateful for the experience of
gratitude (Bailen et al., 2019). Moreover, these emotions can potentially co-exist with and
even transmute otherwise mutually exclusive affective experiences, such as suffering and
failure.

The social context in which these emotions emerge and the social behaviors that
they promote, in addition to their unique qualitative properties, hint at the influence of
symbolic cognition in their facilitation. It has been hypothesized that the human capacity
for symbolic cognition is afforded, in part, by the disproportionate expansion of our
prefrontal cortex, relative to the proportions of connections to our limbic system, thus

enabling increased executive ability, including greater independence of attention and
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working memory from the influence of immediate affective, sensory, and behavioral
associations (Deacon, 1997; Deacon & Cashman, 2009). According to this hypothesis,
our idiosyncratic (as far as we know) cognitive tendency not only to detect, but to seek
out the hidden organizational logic between and among symbolically mediated stimuli
has endowed humans with access to an otherwise untapped dimension of meaning, which
may have direct implications for the types of affective experiences we are capable of
(Deacon & Cashman, 2009). For example, productive social encounters, which are
intrinsically rewarding for all social species, may be differentially experienced by
humans, as they are imbued with amplified meaning through the narratively-based self-
interpretation that symbolic cognition enables (Deacon & Cashman, 2009).

On this view, complex social affective experiences, such as gratitude and
meaning/purpose, are not entirely reducible to a discrete neurocognitive mechanism, but
rather, they are emergent byproducts of the combinatorial relationship between processes
distributed widely within the brain and within the wider social community (Deacon,
1997). Nevertheless, numerous functional magnetic resonance imaging studies have
established common neural correlates of these experiences. For example, the experience
of gratitude has been linked consistently with increased activation in the ACC (Fox et al.,
2015; Yu et al., 2018) and the medial prefrontal cortex (mPFC) (Fox et al., 2015; Kini et
al., 2016; Kong et al., 2019; Yang et al., 2018; Yu et al., 2017). Both of these areas are
intermediate between the limbic cortex and the neocortex, and both are involved in
sustaining attention and in initiating intentional actions. However, interestingly, these

areas also appear to be essential to certain social behaviors, such as vocalizations



131

(Deacon, 1997). The ACC comprises a unique type of neuron, spindle neurons (also
called von Economo neurons), that have been identified only in inherently social species,
such as humans and other primates, cetaceans, and elephants (Stimpson et al., 2011).
These neurons are thought to be integral to the facilitation of various types of
homeostasis, including homeostasis of social relationships (Allman et al., 2010). Hence,
the ACC has been implicated in the mediation of numerous social functions in general, as
well as self-awareness and social awareness (Perini et al., 2018). The mPFC also appears
to be a critical component for self-related processes (Araujo et al., 2013) and other-
related processes, such as mentalizing, theory of mind, and perspective-taking
(D'Argembeau et al., 2007; Denny et al., 2012). In addition to facilitating these social
processes, the mPFC functions as a neural hub through the integration of more basic
cognitive-affective processes (Kober et al., 2008), thereby contributing to the “meaning”
of sensory stimuli (Roy et al., 2012).

To summarize, social emotions tend to accompany prosocial behaviors, both of
which are mediated by brain regions known to be involved in the processing of socially
relevant information. Yet, it may be our species-specific facility for symbolic cognition,
in combination with culturally mediated meaning systems (Castillo, 1996), that enable
and encourage us to interpret the hidden relationship between seemingly dissociated
events, thus affording the juxtaposition and transfiguration of otherwise incompatible
affective experiences (e.g., feeling grateful for the experience of suffering; finding a
sense of meaning in the experience of failure or futility) (Deacon & Cashman, 2009).

Underlying component affective states (e.g., joy and sorrow) are thus amplified and
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transformed through a conceptual synergy that is facilitated by the way symbols
reorganize cognition (Fauconnier & Turner, 2003). Consequently, seemingly opponent
higher-level emotions (e.g., gratitude and suffering) are brought into the same affective
“space” and re-represented as symbiotic processes. The result appears to be what are
(arguably) distinctively human affective experiences.

In conclusion, we found that the recovery-related behaviors of MHO meeting
attendance and fellowship involvement were associated with increases in gratitude and
meaning/purpose. Gratitude and meaning/purpose may be uniquely capable of bringing
equilibrium to negatively valenced affective states, such as defeat, dejection, and
depression, by virtue of their ability to co-occur with such experiences. Thus, these
particular affective improvements may account for at least part of the difference that
MHO activity is reported to make in terms of facilitating the experience of emotional
sobriety. We suggest that the influence of MHO activity on these higher-order affective
states works in roughly the same fashion as other types of prosocial behaviors and
corresponding affective experiences. However, it is interesting that these particular
affective changes appeared to develop through greater cumulative involvement within the
unique sociocultural milieu of MHOs. This trend indicates that MHO-specific emotional
sobriety emerges through a combination of time, effort, and context. In other words, it
may take variable durations and diligence to successfully inculcate the culturally
transmitted interpretive strategies that accompany the transition from episodic affective
states to stable affective traits. This transition is likely mediated by corresponding

structural alterations of the associated brain regions. Although evidence suggests a
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candidate role for the ACC and mPFC in the facilitation of these behaviors and
experiences, the precise neuroadaptations mediating the effect of MHO activity on
emotional sobriety remains to be identified. This question represents a fruitful subject for

future research.

Conclusion

In this dissertation, we have identified some of the neuroanatomical and
behavioral correlates of emotional sobriety. Our initial hypothesis was that the behavioral
and affective changes that characterize recovery from addiction emerge together along
with neuroadaptations of BRS regions known to be involved in affective processing. Our
findings revealed that both long-term abstinence and MHO activity are positively
correlated with the types of affective states that may have a downstream influence on the
experience of emotional sobriety. Though we do not intend to suggest that the complex
phenomenon of emotional sobriety is reducible to any one brain region, we note that our
collective findings indicate that changes at the level of the ACC may be uniquely
involved in mediating both of the recovery-related behaviors considered (long-term
abstinence and MHO activity), in addition to the different types of affective
improvements observed. This conclusion may have the potential to strategically direct
future research aimed at identifying the neurobiological underpinnings of recovery.

Based on the findings from the studies described in this dissertation, treatment
providers might recommend both abstinence and MHO activity as actionable behavioral
strategies, which have been shown to be associated with affective improvements in

addicted individuals. These behavioral approaches may function as effective therapeutic
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alternatives to pharmacological interventions for general affective dysregulation, as well
as specific affective disorders. Clinicians also may be able to get patients to “buy in” to
these treatment practices more readily by relating the findings described herein through
psychoeducational interventions (Ekhtiari et al., 2017). While additional research is
needed to detect and describe with greater precision the directionality of the observed
associations, this dissertation represents an important first stride in providing a

neuroscientific account of emotional sobriety.
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APPENDIX

Duration of abstinence (DOA - years) is significantly negatively associated with
lower scores on the Hamilton Rating Scale for Depression (HRSD) (-0.17 [95% CI: -0.32
to -0.03]). DOA was also significantly associated with lower volume of the total ratio of
the posterior insula (-0.0018 [95% CI: -0.0036 to — 0]); thus, we assessed the
potential mediating effect of posterior insula volume in relation to the effect on duration
of abstinence (years) to HRSD , and found that at least part of the effect of DOA on
HRSD scores is due to the lower volume in the total ratio posterior insula (DOA on
HRSD: -0.04 [95% CI:-0.12-0.04]).

In addition, duration of abstinence (DOA - categorical) is significantly associated
with higher scores on the POMS Vigor (6.43 [95% CI: 0.09 to 12.8]). DOA was also
significantly negatively associated with less volume of the left ratio within the anterior
cingulate cortex (-0.09 [95%CI: -0.16 to -0.02]) and the left ratio of the posterior
cingulate (-0.028 [95% CI: 0 to -0.003]); thus, we assessed the potential mediating effect
of the left ratio of the anterior and posterior cingulate cortex in relation to the effect of
DOA (categorical) on POMS Vigor. Part of the effect of duration of abstinence on HRSD
is due to total ratio of the posterior insula (DOA on POMS Vigor, controlling for the left
ratio of the anterior cingulate cortex: 2.88 [95% CI: -1.49 to 7.25]), but not through the
left ratio of the posterior cingulate cortex (DOA on POMS Vigor, controlling for the left

ratio of the posterior cingulate cortex: 7.23 [95% CI: 0.96-13.49]).
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