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Abstract
Purpose of Review Emotion regulation and the manner in which it is comprised play a key role in the motivation for drugs and
alcohol. As such, the bio-behavioral processes underpinning aspects of emotion regulation behavior may provide expedient
targets for treatment development. This review will examine some of the robust emotional, psychophysiological, and neurobi-
ological adaptations that sub-serve affect regulation behaviors during early abstinence from addiction and assess their potential as
targets for treatment development.
Recent Findings During early abstinence from addiction, individuals report problems with emotional awareness and impulse
control during distress as well as enhanced, persistent negative mood in the face of acute psychological stress. In line with this,
psychophysiological research studies have used non-affective indices of emotional awareness to show poor interoceptive accu-
racy. Moreover, imaging research has highlighted hypofunctional prefrontal circuitry in regulatory brain regions and amygdala/
insula adaptations that are also compatible with decrements in emotional awareness, enhanced provoked dysphoria and decreased
impulse control. There is also some evidence to suggest that targeting these indices of emotion regulation behavior using
mindfulness-based meditation and medication therapies may be effective in improving outcome.
Conclusions The biological construct of emotion regulation has helped to provide an important heuristic framework within which
to develop novel treatment markers. However, there remains a need for more contextual and situational-based research to achieve
a more holistic understanding of emotion regulation for improved clinical application.
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Introduction

Substance use disorders affect approximately 20 million peo-
ple in the USA and may result in devastating consequences,
with drug overdose leading to over 70,000 deaths in the USA
in 2017 [1]. A key concept necessary for both clinicians and
researchers to understand is what underlies the chronic, relaps-
ing nature of the illness. Burgeoning research indicates that
emotion regulation and the manner in which it is compro-
mised may play a key role in the initiation, maintenance,
and outcome of addictive disorders. As such, emotion

regulation and the bio-behavioral processes underpinning
emotion regulation may provide vital predictors of relapse
vulnerability, and, hence, expedient targets for therapeutic
development.

Common definitions of emotion regulation relate to the
way in which humans control their experience and expression
of emotion under distress by employing strategies such as
suppression, repression, and cognitive reappraisal [2].
Notably, these strategies are psychologically effortful and,
during highly charged or stressful situations, may induce a
conflict in regulatory goals, shifting attention towards more
immediate and often pleasure-seeking goals [3–5]. This con-
flict may in turn jeopardize volitional behavior through loss of
impulse control [6] and is highly pertinent to processes under-
lying compulsive drug use and alcohol-seeking behavior. For
example, motivation for drugs and alcohol at various stages of
the addiction cycle are impacted by aspects of emotion regu-
lation which include sensitization of the core stress systems of
the brain [7, 8], difficulty engaging in regulatory brain systems

This article is part of the Topical Collection on Emotion and Addiction

* Helen C. Fox
helen.fox@stonybrookmedicine.edu

1 Department of Psychiatry, School of Medicine, Stony Brook
University, 101 Nicolls Road, HSC, T-10, room 040B, Stony
Brook, NY 11794-8101, USA

https://doi.org/10.1007/s40429-020-00330-y

Published online: 28 August 2020

Current Addiction Reports (2020) 7:333–343

http://crossmark.crossref.org/dialog/?doi=10.1007/s40429-020-00330-y&domain=pdf
mailto:helen.fox@stonybrookmedicine.edu


(behavioral inhibition), and the interaction of these processes
in order to appropriately manage affective and dysphoric
states prevalent during early and protracted withdrawal
[9–11]. In addition to this, individual differences in positive
and negative urgency [12], the many facets of impulsivity
[13–16] and emotional awareness [17], may play a further role
in mediating these processes.

In light of this, the most comprehensive measure of emo-
tion regulation to date is the Difficulties in Emotion
Regulation Scale (DERS) [18] which was developed in order
to consolidate and integrate these complexities and present
emotion regulation as a higher-order construct. Within this
model, lower-order constructs were identified which broadly
included emotional awareness, emotional expression, and
control of emotion (impulse control) under stressful circum-
stances, which were shown to effectively discriminate be-
tween addicted populations and controls [19, 20]. As such,
the scientific construct of emotion regulation as applied to
addiction research has tended to broadly emphasize the sensi-
tization andmanaging of mood states and their inherent role as
motivators or regulators [19–22], awareness of emotion, and
the independent ability to regulate both cognitively and
emotionally.

Increasingly, emotion regulation is being seen as having
tremendous heuristic value in substance use prevention [23]
highlighting the importance of elucidating bio-behavioral in-
dices of emotion regulation as valid targets for treatment in-
tervention. In the current review, we therefore examine studies
that have helped to characterize some of the subjective, psy-
chophysiological, and neurobiological indices of emotion reg-
ulation and related behaviors during early abstinence from
addiction. We also assess whether these bio-behavioral
markers reflect effective measures of clinical outcome and
hence represent viable targets for treatment development. In
addition we highlight the need for a more holistic understand-
ing of emotion regulation in order to fully leverage the poten-
tial of emotion regulation as a personalized construct with
optimal clinical application.

Subjective Indices of Emotion Regulation Findings from sev-
eral studies suggest that emotion (dys)regulation effects out-
come in substance users due to coping-related issues. For ex-
ample, the global construct of emotion regulation in the DERS
has been shown to be associated solely with coping-oriented
motivations for use in cannabis users, rather than other mo-
tives including sociability [24]. Similarly these findings have
been supported by more recent studies showing the same
global index of the DERS to be associated with coping mo-
tives for opioid use inmethadone-maintained individuals [25].
As such, with regard to assessing subjective emotion regula-
tion and emotion regulation-related behaviors during early
abstinence, we focus predominantly on research that has either
administered the DERS, which explores the construct in the

context of distress or examines subjective affect in response to
psychological stress.

Sensitization of negative emotion during stress One of the
major aspects of emotion regulation is the ability to success-
fully manage or cope with affective processes which, during
early abstinence from addiction, may be hampered by the
sensitization of negative emotions brought about by allostatic
adaptions within core neural stress systems [26, 27]. Several
studies measuring subjective and emotional response to a 5-
min personalized psychological stressor have shown that sen-
sitized stress, anxiety, anger, sadness, and fear are reported by
early abstinent alcohol-dependent individuals [20, 21, 28],
cocaine-dependent individuals [29, 30], comorbid cocaine
and alcohol-dependent individuals [26], and opioid-
dependent individuals compared with controls. Furthermore,
these studies have also highlighted the temporal persistence of
this dysphoric state, where, compared with controls, individ-
uals in early abstinence from alcohol and cocaine remain sig-
nificantly dysphoric for up to 1-h post exposure to a 5-min
acute stressor [31]. Notably, this persistent dysphoric state has
been shown to occur concurrently with increased craving, an
attenuated ability to cognitively regulate, and has been pro-
spectively associated with relapse [32, 33].

Emotional awareness and regulation Two prior studies from
our own laboratory using the Difficulties in Emotion
Regulation Scale [18] (DERS; Gratz and Roemer, 2004)
showed that on admission to inpatient treatment, cocaine-
dependent individuals were less able to acknowledge and/or
have a clear understanding of their emotions [20]. They also
reported significant difficulties with impulse control during
stress and with regard to developing effective emotional strat-
egies (i.e. they would be more likely to believe that little could
be done to change an emotionally stressful situation). In a
subsequent study, alcohol dependent individuals similarly re-
ported significant affective issues on admission to treatment,
including poor emotional awareness and impulse control [19].
Notably, while improvements regarding clarity and awareness
of emotion were observed following 4 weeks of inpatient
treatment and abstinence, both cocaine and alcohol dependent
individuals were still reporting difficulties with stress-related
impulsive control upon completion of treatment [19, 20]. This
is consistent with our studies showing decrements in cognitive
control in the face of acute stress following 4 weeks of absti-
nence [34]. Other studies have additionally highlighted persis-
tent problems with the emotional awareness and understand-
ing constructs of the DERS 1 month from alcohol treatment
discharge [35]

Similar findings were observed in a group of cocaine-
dependent individuals following 4 weeks of inpatient treat-
ment and abstinence, who were administered the MSCEIT
[36, 37]. While a measure of emotional intelligence, the test
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does comprise measures pertaining to emotional strategizing
which include the ability to understand emotional causes and
complexities both within themselves and others as well as
regulate emotions [38]. Notably, 1 week prior to treatment
discharge, cocaine-dependent individuals demonstrated atten-
uated ability to emotionally strategize, which was also associ-
ated with an increase in self-reported impulse control prob-
lems [37]. This again is consistent with more recent studies
indicating difficulties with both emotional awareness and reg-
ulation in individuals with substance use disorder [39] as well
as studies that have associated elevations in alcohol-related
consequences with similar emotion regulation constructs
using the DERS in college students [40] .

Implications for treatment Current research examining sub-
jective indices of emotion regulation has shown that certain
behaviors pertinent to emotion (dys)-regulation including im-
pulse control in the face of stress, an inability to emotionally
strategize as well as sensitized negative mood and anxiety,
persist 4–5 weeks into protracted abstinence [19–21, 41].
Additionally, research demonstrating the role that emotion
dysregulation plays in coping-related motivations for drug
and alcohol use [24, 25, 42, 43] highlights the importance of
assessing provoked emotional sensitization during protracted
abstinence as a potential target for relapse prevention. In view
of this, studies from our own laboratory that have adminis-
tered adrenergic agents, such as prazosin and guanfacine, to
target sensitized anxiety and negative affect as well as cogni-
tive control processes during stress, have demonstrated some
promise with regard to attenuating alcohol, cocaine, and nic-
otine craving inside the laboratory [44, 45] and relapse outside
of the laboratory [46].

Psychophysiological Indices of Emotion Regulation In the last
decade, several studies using heart rate tracking, heart rate
sensitivity, and heart rate variability have been used to ascer-
tain interoceptive indices of the internal state and have also
been important in characterizing non-affective aspects of emo-
tional awareness in addicted populations. As emotional regu-
lation includes awareness of one’s emotion [2], it is not un-
reasonable to assume that viscero-afferent feedback or aware-
ness of bodily internal state may provide a non-affective index
of emotion regulation [47] during abstinence from addiction.
In line with this, impaired interoception may reflect salient
motivational processes similar to those associated with re-
lapse, including sensitized anxiety, negative mood, as well
as the manifestation of craving [48].Moreover, the association
between interception and ability to understand and regulate
emotions has been well established in the literature [49, 50].
As such, psychophysiological markers of interoception may
provide easily quantifiable measures of emotion regulation. In
support of this, Paulus and Stewart [51] describe how optimal
cognitive control of emotion occurs not just as a function of

regulatory competence but also in the context of intensity of
interoceptive afferents which may be robustly altered during
“deprivation” states [52], such as abstinence. One’s ability to
identify and access internal sensory cues, or interoceptive
changes [53, 54] may therefore be key to characterizing some
of the subjective emotion regulation-related experiences that
occur during abstinence. In turn, they may also represent im-
plicit markers underlying the relationship between emotion
regulation processes and the maintenance or avoidance of
substance use during stress.

Heartbeat detection and discrimination Several experimental
and clinical paradigms have been designed to quantify
interceptive awareness, including heartbeat tracking and dis-
crimination. For example, interoceptive accuracy using heart-
beat perception performance has been shown to be reduced in
2-week abstinent individuals with alcohol use disorder com-
pared with healthy controls. In the same study, accuracy was
also negatively associated with levels of self-reported alcohol
craving sensations [55]. Poor interoceptive accuracy has also
been reported in smokers compared with non-smokers [56],
and discrepancy has been observed between high self-
reported interoceptive sensibility (tendency to focus on inter-
nal bodily sensations) alongside poor interoceptive accuracy
in individuals with alcohol use disorder compared with
healthy controls [57•]. While these findings are consistent
with the previously cited studies identifying self-reported dif-
ficulties with emotional awareness during early abstinence
from alcohol and cocaine [29, 35], few studies have directly
assessed the link between interoceptive accuracy and subjec-
tive emotion regulation ability. One recent study by
Jakubczyk et al. [57•] did however demonstrate an association
between interoception, as measured by the heartbeat tracking
Schandry test [58] and the DERS in individuals with alcohol
use disorder compared with controls. Findings indicated that
high interoceptive accuracy was significantly associated with
improved acceptance of negative emotions and high levels of
interoceptive sensibility were linked to elevated impulse con-
trol difficulties during stress as well as lower emotional aware-
ness [57•]. Findings also support the potential for interocep-
tive psychophysiological measures to reflect emotional aware-
ness in addicted populations.

Implications for treatment While there is evidence to show
that physiological markers of internal state may be able to
provide effective measures of emotional awareness, more re-
search is clearly required to fully comprehend their clinical
validity and impact on compulsive drug and alcohol seeking.
For example, while some interoception research has highlight-
ed the potential for poor interoceptive (emotional) awareness
to represent a risk factor, (possibly via dampened perceptions
of intoxication), other studies have presented poor
interoception as being protective from craving [59]. In the
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latter scenario, it is postulated that high interoceptive
(emotional) awareness may lead to the greater experience of
aversive or craving states associated with withdrawal [60].
Despite this lack of clarity, several studies have highlighted
the importance of interoceptive awareness trainingwith regard
to relapse prevention and as a means of improving both emo-
tion regulation and treatment outcome in individuals with sub-
stance use disorders [61–65]. Teaching interoceptive aware-
ness skills via mindfulness-based approaches during outpa-
tient treatment has also been shown to be well received and
lead to improvements in emotion regulation (self-report and
psychophysiological indices), abstinence, depressive symp-
toms, and craving [62, 63].

Heart rate variability Heart rate variability (HRV) is also
thought to be another non-affective physiological index of
emotion regulation capacity due to the fact both are sub-
served by common overlapping brain circuitry [4, 66, 67].
For example, the Neurovisceral Integrative Model (NIM;
[68]) proposes that overlapping subcortical-cortical neural cir-
cuitry (ventromedial prefrontal/anterior cingulate and amyg-
dala [69]) is responsible for both adaptive inhibitory function
and the regulation of autonomic system reactivity [70]. Hence,
vagally mediated HRV may serve to reflect not only cardio-
vascular health but additionally represent the flexibility of
central regulatory processes and the extent to which they are
able to exert control over peripheral autonomic activity. In
support of this, many studies have shown low resting state
HRV and dysregulated phasic HRV in response to emotion-
ally evocative stimuli to be associated with emotion regulation
difficulties [71–73]. These have included less of an ability to
suppress unwanted thoughts [74] as well as greater day to day
difficulties with emotional clarity and impulse control [66] in
both healthy and clinical populations.

Despite these findings, there remains a dearth of studies
exploring these psycho-physiological substrates of emotion
regulation in substance abusers [62, 75]. This is surprising
given that craving may be associated with low resting HRV
[76, 77] and high HRV response to cues. One recent study did
however examine the ability of respiratory sinus arrhythmia
(RSA; heart rate variability across the respiratory cycle) to
predict emotion dysregulation and health outcomes in a sam-
ple of women in community outpatient treatment for sub-
stance use disorders. Findings indicated that while higher rest-
ing RSA was robustly associated with increased interoceptive
awareness skills, it did not correlate with substance use or
mindfulness skills [62]. In two other studies, blunted HRV
during negative emotion regulation was associated with opi-
oid misuse [78] and duration of opioid use in a sample of
female opioid-treated chronic pain patients at risk for OUD
[76]. Blunted HRV was also linked to negative emotion-
induced craving in the same sample of women [76].
Conversely, Claisse et al. [79] found that increased HRV

following emotional induction was associated with increased
craving in both short- and long-term alcohol abstainers.

Implications for treatment Further research is clearly required
to fully comprehend the clinical validity and reliability of psy-
chophysiological measures, such as HRV. However, there is
some evidence to show that inducing high amplitude oscilla-
tions in heart rate (or HRV), via resonance breathing, medita-
tive practice, or biofeedback techniques, may strengthen func-
tional connectivity in regions associated with emotion regula-
tion [69]. In particular, improving HRV via resonance breath-
ing has been established as a successful intervention for sev-
eral disorders with emotion regulation as a key feature [80]
and has shown some efficacy in substance use populations. A
recent proof of concept study by Bates et al. [81] did find that
resonance breathing increased activation in regulatory regions
of the brain associated with behavioral control and regulation
of cognitive and emotional processing, including the bilateral
medial prefrontal, anterior, and posterior cingulate, in a range
of drinkers. Several studies have also indicated the potential
for HRV biofeedback therapy to reduce stress, anxiety and
craving in inpatients with alcohol use disorder, immediately
following intervention [82], 1 month later [83] and 1 year later
[84].

Neurobiological Indices of Emotion Regulation Other poten-
tial neurobiological indices of emotion (dys)-regulation have
included neural and endocrine changes that have been ob-
served during early and protracted abstinence from substance
use. In support of research that has highlighted subjective and
physiological markers of emotion regulation, adaptations have
been observed in central and peripheral systems that are linked
to sensitized dysphoric states, attenuated regulatory function,
and viscero-affective sensations. While these are wide-
ranging neuroendocrine systems that potentially underpin a
broad range of goal-oriented behaviors including distraction,
decision-making, planning, etc., links have been made be-
tween changes within these systems and emotional awareness,
elevations in affective sensitivity, and affective dysregulation
during stress.

Upregulation of HPA-SAM circuitry Upregulation of CRF and
adrenergic systems may highlight a potential emotion
regulation-related mechanism that may be an important target
for therapeutic intervention. For example, overactive hypotha-
lamic CRH [85, 86] as well as elevations in peripheral adrenal
sensitivity (cortisol/ACTH ratios), centrally recruited
dynorphin, NE [21, 31, 87], noradrenergic signaling [88,
89], and upregulated NE-CRF feed-forward loops [90] have
consistently been observed in early abstinent alcohol and sub-
stance abusing individuals and further deemed a risk factor for
relapse [91, 92]. Notably, these adaptations have also been
known to reflect persistent negative emotional states during
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early abstinence, as well as anxiety and anxiety disorders [21,
85–87]. In addition, elevations in prefrontal norepinephrine
are known to impair attentional processes that are key to the
stopping and monitoring components of cognitive and affec-
tive control [93, 94] by attenuating salient “signals” and in-
creasing irrelevant “noise” [95–97]. Notably, adrenergic med-
ications which attenuate sympathetic overdrive, such as
prazosin, have been shown to improve emotion regulation-
related behaviors. This has included reducing sensitized and
persistent anxiety, negative mood, and alcohol craving [98]
and improving cognitive regulation [99, 100] during stress.

Hypofunctional prefrontal circuitry During early abstinence
from substance use, changes within the prefrontal cortex have
typically been observed where ventromedial and anterior cin-
gulate circuits that support regulatory function become
hypofunctional [101, 102]. Notably, recent neuroimaging
analysis in individuals with AUD has shown that activation
of overlapping prefrontal cognitive control circuits (including
the dlPFC, vlPFC and dmPFC) is recruited during a regulation
of craving task and an affect regulation (reappraisal) task
[103] confirming the intrinsic interconnection between
(dys)regulation within cognitive, emotional, and behavioral
domains [104].

In view of this, several functional imaging studies have
measured prefrontal activity in drug and alcohol users during
early abstinence, while performing cognitive control tasks
typically interpreted as prototypical indicators of impulse con-
trol in many neuropsychiatric conditions including cocaine
dependence [105–107]. Findings have shown that attenuated
activity in regulatory circuits are linked to impulse control
aspects of emotion regulation as well as relapse outcomes.
For example, Li et al. [108] showed hypo-activation of the
rostral anterior cingulate cortex (rACC) during a stop signal
task to be linked to elevations in the DERS impulse control
scale during early abstinence from cocaine [109]. Decreased
error-related activations of the dorsal anterior cingulate cortex
and impaired dorsolateral activation [110] during stop signal
inhibitory control paradigms have also been associated with a
shorter time to relapse and greater alcohol urges, respectively,
in early abstinence alcohol-dependent individuals. Similarly,
activation of regulatory regions including the ventromedial
prefrontal cortex, left posterior cingulate cortex, and right stri-
atum during stroop performance has been shown to predict
longer periods of reported abstinence in treatment-seeking co-
caine-dependent individuals [111].

Implications for treatment Notably, targeting these
hypofrontal mechanisms, via both medication and behavioral
intervention, has had tremendous impact on substance use
outcomes, potentially via the improvement of emotion
regulation-related behaviors. For example, the Monoamine
Transporter Inhibitor modafinil has demonstrated

improvement in impulsive decision-making in alcohol-
dependent patients by enhanced coupling of prefrontal control
regions with ventral striatal regions associated with reward
coding [112]. Similarly, the alpha2a adrenergic agonist,
guanfacine, has been shown to improve cognitive control pro-
cesses [44] and increase regional blood flow in regulatory
ventromedial circuits of the PFC during acute stress in comor-
bid substance users during early abstinence [45]. In the same
sample of individuals, guanfacine was also shown to attenuate
sensitized and persistent negative mood, anxiety, and craving
for cocaine, alcohol, and nicotine following acute stress expo-
sure [113]. With regard to behavioral therapies, the success of
many mindfulness-based interventions has also been attribut-
ed to the strengthening of prefrontally mediated cognitive
control circuitry [114], as well as improving both
interoception and emotion regulation [115]. For example,
one study showed that improvement of self-control abilities
in emotion regulation and stress reduction was associated with
elevated ACC/mPFC activity following mindfulness training
in smokers with alcohol use disorder [116•].

Amygdala/insular hyperactivation The insular cortex is
thought to be the “hub” for interoceptive processing [51] re-
ceiving sensory and interoceptive afferents from outside and
inside of the body, respectively, and reciprocal connections
from the amygdala and extended amygdala as well as regula-
tory regions of the PFC [117]. Indeed, extensive studies within
a wide range of substance users have shown dysregulated
insula activation to occur during exposure to drug cue, reward,
and stress and, as a function of abstinence, severity of use as
well as craving [59, 60]. Taken together, there is some agree-
ment that insular activity is attenuated during cognitive con-
trol and decision-making tasks [118–121] as well as longer
periods of abstinence [122], while hyperactive during reward-
related processes such as cue exposure [123]. There is also
some evidence to show that these adaptations are associated
with craving and relapse in smokers [124], amphetamine-
dependent individuals [118], and cocaine-dependent individ-
uals [125, 126]. While the insular processes a complex inter-
change of environmental and internal stimuli, its role in inter-
oceptive processing, emotional awareness and craving is rel-
atively well established [65]. Furthermore, there is also
burgeoning evidence to suggest that it may be a possible ther-
apeutic focus for the reduction of craving in mindfulness-
based interventions [51] and transcranial magnetic stimulation
[127, 128].

Similarly, the amygdala is intrinsic to emotional processing
and emotional intensity [129, 130], and several studies have
highlighted the role of increased D2 reactivity in the amygdala
with negative affect. A recent PET study using the radiotracer
[18F], fallypride, also indicted how increased signaling
through D2-type receptors within the amygdala may play a
pivotal role in the cognitive control of negative emotions,
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measured using the DERS, in both healthy controls and meth-
amphetamine users [131].

Future Directions

While many of these studies have served to highlight some of
the bio-behavioral indices of emotion regulation as well as the
potential for these adaptations to represent possible treatment
targets, the clinical application of standardized emotion regu-
lation approaches in the development of treatment and preven-
tion programs remains somewhat lacking [75]. To date, only
one study has assessed the efficacy of an Affect Regulation
Training (ART) treatment on outcome in individuals with al-
cohol use disorder, despite emotion regulation processes me-
diating the efficacy of several behavioral therapies on absti-
nence maintenance [132, 133] and despite it being considered
a core clinical dimension in substance use treatment [133,
134]. One reason for this may be related to the fact that much
of the emotion regulation research to date has broadly been
applicable to the individual-based models of addiction, rather
than social or situational models.

For example, Simon and West [135] postulate that the core
elements of both individual and social models of addiction
include variation pertaining to the “capability” (psychological
or physical), “motivation” (reflective or automated internal
processes), and “opportunity” (physical and social environ-
mental factors) to engage in addictive behavior. As shown in
the current review, much research to date has predominantly
targeted the capability and motivational aspects of addiction,
where a range of bio-behavioral assessments have been made
regarding changes in individual capacity for emotional aware-
ness, motivation, regulation strategies, and control of behav-
ioral impulses. However, in terms of a more holistic under-
standing of emotion regulation, there is a need to determine
how “opportunity”-related social and situational factors may
effect emotion regulation processes and interact with individ-
ual indices of emotion regulation pertaining to capacity (strat-
egies, awareness) and motivation (craving, sensitized negative
mood).

In support of this, several theoretical models interpret ef-
fective emotion regulation as an interplay between individual-
strategy-situational patterns [136–139] and the ability to uti-
lize flexible emotion regulation strategies within changing sit-
uational contexts. Despite this, the emphasis on shifting con-
textual factors and within person assessment has not been
adequately examined. While several studies have assessed
the effects of acute stress on emotion regulation processes
[29, 34, 140] and have indicated that selective improvements
occur during treatment [29, 140],there remains a dearth of
information regarding the longevity of such improvements
following treatment discharge, as well as changes in emotion
(dys) regulation over time and within certain (social and

physical) environments. In terms of between-person variation,
how cultural, societal, and dispositional differences contribute
to these processes also needs to be considered [139]. A recent
study by Bradizza et al. [141], for example, reported that emo-
tion dysregulation problems (as measured by the DERS) were
only observed in AUD individuals with at least two or more
co-occurring disorders, providing salient information for the
development of more targeted therapies.

From a similar perspective, Roos and Witkiewitz [142••]
suggest that the slow progress in understanding “self-regula-
tion” as a mechanism of behavioral change (MOBC) in addic-
tion therapies may be due to a lack of focus on context. They
additionally propose a contextual model where self-regulation
as a MOBC is dependent upon both immediate ever-changing
situational context (internal state and external cues) and a less
changeable broader context (disposition, environment, major
life events).Moreover, in support of similar theoretical models
of emotion regulation [136, 138], they also proposed that
assessing these contextual perspectives can be facilitated by
studying both between and within participant adaptations
using concentrated longitudinal measurements, such as eco-
logical momentary assessment (EMA) [142••].

Conclusions

Taken together, research has shown that early abstinence from
addiction is characterized by robust emotional, physiological,
and neurobiological adaptations that sub-serve aspects of
emotion regulation behavior. These predominantly include
tonic cardiovascular dysregulaton, overactivity of CRH, and
locus coeruleus–norepinephrine (LC–NE) circuits,
hypofrontality within prefrontal regulatory brain regions (in-
cluding the ventromedial PFC and anterior cingulate (ACC)),
and amygdala/insula adaptations. Notably, extensive research
has shown that addiction-related changes within these systems
are linked to poor emotional awareness, enhanced provoked
dysphoria, and decreased impulse control in the face of stress
[143–145]. In addition, this body of research has provided an
excellent heuristic framework within which to develop effec-
tive treatment markers, with the potential to be targeted by a
range of medication and behavioral relapse interventions, in-
cluding mindfulness meditation and medications therapies. In
particular, adrenergic medications such as guanfacine and
prazosin, as well as partial nicotinic agonists, such as
varenacline, have improved clinical outcomes by targeting
prefrontal and amygdala-insula indices of emotion regulation,
respectively [45, 146–149]. Similarly, psychophysiological
measures of heart beat detection and HRV could potentially
represent easily modifiable measures of improved
interoception, emotional awareness, emotion regulation, and
abstinence, following mindfulness-based therapies and during
resonance breathing techniques. While these findings are
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encouraging, our current understanding of emotion regulation
processes may still be constrained by a dearth of context and
situational-based research paradigms, and more longitudinal
research is warranted in order to achieve a more holistic un-
derstanding of emotion regulation for improved clinical
application.
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