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Opioids and alcohol are both effective analgesics
under certain pain conditions. However, although
the analgesic or pain-relieving properties of opioids
are well known, information about the use of
alcohol and its potential for misuse in the context
of pain management has begun to emerge more
recently. Alcohol doses required to alleviate pain
are commensurate with binge drinking,' defined
as drinking enough to achieve blood alcohol
concentrations of 0.08 mg/dL or higher. Such
pain-killing doses would typically occur after four
drinks for women and five drinks for men in about 2
hours. Doses required for effective analgesia also are
associated with unintentional injuries, violence, and
traffic fatalities. Moreover, binge alcohol drinking
over long periods to manage chronic pain also will
foster profound negative health consequences,
including organ damage and heightened cancer risk.’
After their initial pain-killing effects wear
off, however, both alcohol and opioids, especially
when used in high doses over long periods of time,
can trigger opponent physiological responses that
produce a temporary increase in pain sensitivity,
known as hyperalgesia. These nociceptive processes
reflect the unifying principle of homeostasis, the
process by which complex physiological systems
maintain biological stability. Simply put, what
goes up must eventually come down to achieve
a balanced resting state. With long-term heavy
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alcohol or opioid use, the opponent pro-nociceptive
response grows, diminishing drug-induced analgesia
(tolerance) while at the same time setting up a
persistent sensory and emotional pain sensitization
state that may occasion further drinking or opioid
use, eventually heightening risk for the development
of alcohol use disorder (AUD) or opioid use

disorder (OUD) in vulnerable individuals. As such,
understanding the AUD/OUD—pain relationship

is among the most urgent public health challenges
confronting us today.

Given the broad co-occurrence of hyperalgesia
and AUD/OUD, pain may be best viewed as a core
addiction phenotype. The view is supported by
evidence acquired over the past decade that there is
substantial overlap in brain circuitry and pathways
underlying AUD, OUD, and pain centralization.* An
improved understanding of the effects of alcohol on
pain, the role of pain in alcohol misuse, and potential
interactions between alcohol and opioids during
pain treatment is an important step toward improved
treatment outcomes for patients with chronic pain
who are susceptible to AUD/OUD.

Pain is generally thought of as the unpleasant
physical sensation following bodily harm or injury.
Equally important, and mechanistically intertwined,
is the psychological component of pain, particularly
the emotional component of chronic and unrelieved
pain. Mechanisms of neuroplasticity are thought
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to underlie a “centralization of pain” at both spinal
and supraspinal levels, and similar phenomena are
used to describe how misused substances act on the
brain to facilitate the development and maintenance
of substance use disorder (SUD). In this topic series,
Gilpin and colleagues describe functional changes
in supraspinal circuits implicated in alcohol-induced
changes in pain-related behavior (“Forebrain-
Midbrain Circuits and Peptides in Hyperalgesia
After Chronic Alcohol Exposure”).* Their focus
on interactions between midbrain and extended
amygdala systems highlights novel avenues for
managing pain in the context of AUD.

Alcohol or opioid misuse also can interact
with pain to exacerbate negative emotional states
(anhedonia, depression, and anxiety) as well as
increase the sensitivity to such states (known
as hyperkatifeia) to fuel continued or escalated
substance use.’ As with somatic pain, drinking
alcohol or using opioids to cope with emotional
pain only makes the situation worse. In their review,
“The Convergent Neuroscience of Affective Pain
and Substance Use Disorders,” Pahng and Edwards
describe contributions of stress-related signaling
in key frontocortical brain areas to the dual and
interactive manifestation of chronic pain and AUD/
OUD symptomatology, highlighting research with
refined animal models of these conditions.® In
addition, economic and environmental sources of
stress (such as social isolation and other anxieties
associated with the COVID-19 pandemic) can
further feed into this cycle, possibly contributing
to increased alcohol drinking, opioid use, and
suicide.” Within this theme, Zale and colleagues
highlight transdiagnostic vulnerabilities in humans
that are implicated across both maladaptive
responses to pain (e.g., pain catastrophizing) and the
motivation for alcohol and opioid use in their review,
“Cognitive-Affective Transdiagnostic Factors
Associated With Vulnerability to Alcohol and
Prescription Opioid Use in the Context of Pain.””®

Altogether, the reviews in this topic series
represent the current state of neuroscience related
to pain and AUD/OUD interactions spanning a
wide range of research in both innovative animal
models and humans. The translational efficacy of
these directions will hinge largely on the continued
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collaborative efforts across health care professionals,
multidisciplinary research laboratories, and National
Institutes of Health institutes focused on these
conditions. This topic series highlights many recent
and exciting discoveries that will open up new
conceptual avenues of research that may light the
way ahead toward better treatment for both chronic
pain and SUD.
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Opioids and alcohol are widely used to relieve pain, with their analgesic efficacy stemming
from rapid actions on both spinal and supraspinal nociceptive centers. As an extension
of these relationships, both substances can be misused in attempts to manage negative
affective symptoms stemming from chronic pain. Moreover, excessive use of opioids or
alcohol facilitates the development of substance use disorder (SUD) as well as hyperalgesia,
or enhanced pain sensitivity. Shared neurobiological mechanisms that promote hyperalgesia
development in the context of SUD represent viable candidates for therapeutic intervention,
with the ideal strategy capable of reducing both excessive substance use as well as pain
symptoms simultaneously. Neurocognitive symptoms associated with SUD, ranging from
poor risk management to the affective dimension of pain, are likely mediated by altered
activities of key anatomical elements that modulate executive and interoceptive functions,
including contributions from key frontocortical regions. To aid future discoveries, novel and
translationally valid animal models of chronic pain and SUD remain under intense development
and continued refinement. With these tools, future research strategies targeting severe SUD
should focus on the common neurobiology between negative reinforcement and affective
elements of pain, possibly by reducing excessive stress hormone and neurotransmitter
activity within shared circuitry.

Keywords: alcohol; cingulate cortex; insula; opioids; pain; reinforcement

A central feature of substance use disorder (SUD) example, is hypothesized to be associated with the
is the emergence of negative affective or emotional maintenance of both opioid use disorder (OUD)
states that influence the motivational properties and alcohol use disorder (AUD). Chronic pain is
of misused substances.' Individual propensity estimated to affect approximately 20% of adults

to experience pain-related negative affect, for worldwide,? a number that will likely increase over
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the next several decades given the aging global
population. Accordingly, opioids and/or alcohol
may be sought and taken in excessive amounts to
alleviate such symptoms.** From a neuroanatomical
perspective, ascending nociceptive circuitry is
well known to interact with and alter the function
of frontocortical reinforcement systems key to the
development and maintenance of both OUD and
AUD.’ The current state of neuroscience research
aims not only to understand how these interactions
manifest in the brain, but also to exploit these
discoveries to promote novel therapeutic strategies
targeting both chronic pain and SUD.

This review focuses on two widely used
analgesic agents, opioids and alcohol. Excessive
use of either substance generates neuroadaptations
that likely contribute to negative reinforcement
processes in which efforts to achieve pain relief
intersect with the likelihood of developing SUD,
sometimes known as SUD liability.” Historically,
the majority of preclinical pain studies have focused
on peripheral and spinal nociceptive processes,
yet have produced few translational therapies for
chronic pain or safe alternatives to opioid-based
analgesia.® Although alcohol represents another
widely utilized strategy for pain relief,” the many
pathophysiological risks associated with heavy
drinking considerably outweigh the analgesic
benefits.!’

The most recent conceptualizations and research
efforts have attempted to understand the specific
contributions of pain-associated negative affect to
the establishment of a variety of SUD. These efforts
have focused on the role of central nociceptive
and motivational brain areas underlying the
transition to chronic pain and its potentially crucial
relationship to SUD." From a neurobiological
perspective, this review describes key contributions
from frontocortical areas that represent a shared
neuroanatomical substrate for the intersection of
pain and SUD-related symptomatology. Although
this review focuses on opioids and alcohol, it is
important to note that other misused substances—
including nicotine and cannabis—can act as
analgesics, and integrative mechanisms described in
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this review may play a role in the manifestation of
one or more types of SUD.

PAIN RELIEF AS NEGATIVE
REINFORCEMENT IN SUD

Opioid analgesics are the most powerful and
effective medications for the treatment of acute
pain.”* Opioids are also widely accepted for use
with intractable pain related to cancer or end-of-
life care. Both naturally occurring (e.g., morphine)
and synthetic (e.g., fentanyl) opioids produce
strong and quantifiable analgesia across multiple
modalities in both humans and animal models.
The opioid receptors (mu, kappa, and delta) differ
by the endogenous ligands that bind to them and
by the range of effects the receptors produce,
which is largely dependent on receptor location.'
The pain-relieving properties of opioids are
predominately mediated by mu-opioid receptor
function based on the high binding affinity of
opioid analgesics to mu-opioid receptors; however,
activities at both kappa- and delta-opioid receptors
also mediate analgesia.'*!> Opioid analgesics

also can produce euphoria and reduce negative
emotional states (e.g., stress, anxiety, depression),
which is attributed to the high density of opioid
receptors across limbic brain regions.'® There

is well-described evidence that acute alcohol
administration also produces analgesia in both
humans and animals, but to a lesser degree

than opioids.® From a neuropharmacological
perspective, alcohol analgesia relies on the
engagement of endogenous opioid signaling,"” but
also involves additional mechanisms including G
protein-activated inwardly rectifying potassium
(GIRK) channel activity."® A meta-analysis by
Thompson and colleagues found a strong linear
relationship between alcohol consumption and
reported analgesia in humans.”” However, some
limitations of the Thompson review should be
noted, including its reliance on a limited number
of studies (mostly in men) where effect sizes were
collapsed across several pain modalities (thermal
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and mechanical). Moreover, no patient groups were
included in the reviewed studies, highlighting the
urgent need for additional work in this clinical
area. Analgesia was reported to be strongest with
alcohol levels that exceed the National Institute

on Alcohol Abuse and Alcoholism (NIAAA)
definition of binge drinking.* This identifies the
potential risk involved in consuming alcohol for
analgesic purposes.?' Furthermore, authors from an
empirical study examining the interaction of pain
and alcohol-induced analgesia found that hazardous
drinkers (determined by AUDIT-C scores) had a
greater urge and intention to drink alcohol when
given experimentally induced pain compared

to hazardous drinkers without pain induction.?
This highlights an important motivational aspect
of drug-induced analgesia, where acute pain

can increase the desire to drink alcohol or take
opioids as an active strategy for reducing pain

and associated negative emotional states. For this
reason, opioids and alcohol often may be used

by some individuals for a combination of pain
management and stress relief.

In contrast to acute pain treatment, there is
limited evidence of the utility of opioid treatment
for most chronic pain conditions aside from cancer
pain or pain during end-of-life care.”® There are also
serious safety concerns that need to be considered
when prescribing opioids for chronic pain, including
risk of developing OUD as well as acute overdose
and death; for more information, see the Centers
for Disease Control and Prevention’s guideline
for prescribing opioids for chronic pain.?® With
regard to alcohol, Zale and colleagues describe a
curvilinear association between drinking and pain
outcomes.”* Whereas low to moderate alcohol use
is associated with analgesia, excessive drinking
is associated with poorer pain trajectories over
time.?* Low to moderate drinking was defined as
drinking below government cutoffs for hazardous
or excessive drinking, while excessive drinking
was defined as either binge (> 4 drinks in 2 hours
for women; > 5 drinks in 2 hours for men) or heavy
drinking (number of drinks on any day or per week;
for women, > 3 and > 7, respectively; for men, >4
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and > 14, respectively).?* As mentioned above,
alcohol is an effective analgesic over a dose range
that overlaps the NIAAA definition of “at-risk”
or binge drinking limit (females, > 4 drinks, and
males, > 5 drinks, in about 2 hours; https:/www.
niaaa.nih.gov/publications/brochures-and-fact-
sheets/binge-drinking).”® If individuals limit their
drinking below this point, they may achieve some
analgesic efficacy with a reduced risk of later poor
health outcomes. However, if they cross this line
(perhaps to achieve greater analgesia), it places
them at risk of eventually developing AUD and
emerging hyperalgesia symptoms.

One key reason for the increasing use of opioids
and alcohol for pain relief is the development of
analgesic tolerance with repeated and/or extensive
use. Tolerance refers to the principle that higher
dose amounts of a substance are necessary to
maintain the same biochemical and perceptual
effects over time,” which both complicates
treatment regimens and heightens SUD risk. A
small prospective clinical study examined the
effects of short-term opioid use on analgesic
tolerance and pain sensitivity in the context of
chronic pain.?® Thermal pain thresholds and pain
tolerance were assessed in individuals with chronic
lower back pain, both before and after 1 month of
an escalating oral morphine treatment regimen. A
short-acting opioid was given prior to pain testing
to examine changes to the analgesic efficacy
of opioids following this 1 month of morphine
treatment. Under this state, there was a significant
decrease in pain thresholds and tolerance on the
cold pressor test (measure of cold pain sensitivity),
but no effects on heat-related pain. The rapid
development of analgesic tolerance to opioids adds
support to the limited clinical effectiveness of using
opioids for long-term pain treatment. Tolerance
to the analgesic and euphoric effects of opioids
develops faster than tolerance to other physiological
symptoms, including respiratory depression.?’ This
explains why the risk of respiratory depression
increases with escalated opioid use or in those who
formerly misused opioids heavily and renewed
opioid use after a period of protracted abstinence.
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The development of analgesic tolerance following
chronic alcohol exposure also has been well
described in animal research,®!'”® but there is a lack
of empirical human trials investigating the impact
of tolerance on alcohol’s analgesic effects.?* Also
unknown is how analgesic tolerance promotes
alcohol craving or escalation of alcohol use in
attempts to maintain analgesic effects over time.
Excessive use of alcohol and/or opioids may
lead to states where both analgesic tolerance and
hyperalgesia symptoms coincide.” Hyperalgesia
is a form of pronociceptive system sensitization
that behaviorally manifests as heightened pain
sensitivity. Analgesic tolerance, along with the
consequent escalation of analgesic use, contributes
to the development of hyperalgesia, and are all
hallmarks of opioid and alcohol dependence. In an
opioid- and alcohol-dependent state, abstinence
results in somatic withdrawal signs, pain,
negative affect, and drug craving. These negative
consequences can drive escalation of use over
time, where negative reinforcement is the primary
motivator for continued use or renewal during
relapse.! Carcoba and colleagues examined the role
of negative affect in opioid withdrawal-induced
hyperalgesia in heroin-dependent individuals.*
Compared to healthy controls, individuals in acute
withdrawal (24 to 72 hours) and those in protracted
withdrawal (~ 30 months) from heroin exhibited
decreased pain thresholds and tolerance during
an ischemic pain procedure. These hyperalgesic
effects were heightened by viewing negative
pictures (International Affective Picture System)
beforehand, which elicit negative emotional states.
Opioid-enhanced pain sensitivity can also play
arole in cue-induced opioid craving following
protracted abstinence. In another study, the cold
pressor test was used to examine pain responses
in abstinent individuals with a history of OUD.?!
These individuals had shorter periods of pain
tolerance and reported higher ratings of pain-related
distress compared to healthy controls. There was
also a positive association between pain-related
distress and opioid craving. In a cross-sectional
study, individuals undergoing medication-assisted
treatment (MAT) with methadone or buprenorphine
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were examined for opioid craving and recent illicit
opioid use.*” The investigators found that chronic
pain was present in 68% of the sample and was
associated with threefold higher odds of reporting
craving, potentially placing this population at
greater risk of relapse. Similarly, in a separate study,
chronic pain levels at baseline were correlated

with lower pain tolerance, greater stress reactivity
during a cold pressor task, and posttest levels of
opioid craving in individuals with comorbid pain
and OUD.* Within comorbid pain and OUD
groups, individuals who currently or formerly

used MAT for OUD demonstrated increases in
stress-reactivity to pain compared to opioid-naive
individuals with chronic pain. Furthermore,
abstinent individuals who formerly used MAT for
OUD demonstrated increased stress-reactivity to
pain for some measures compared to current MAT
users, indicating long-lasting consequences of OUD
on neurophysiological outcomes.

Similar to opioids, hyperalgesia induced by
alcohol withdrawal contributes to alcohol misuse
and the development of AUD.® There are strong
associations between alcohol consumption, pain,
and pain-related disability.>** In a secondary
analysis of two clinical trials, Witkiewitz and
colleagues found that greater pain scores were
associated with alcohol drinking and increases in
negative affect 1 year after treatment for AUD.*
Using another large clinical data set, Yeung and
colleagues examined the relationship between
alcohol and pain interference (i.e., how pain
interferes with everyday life).* In this analysis,
higher alcohol consumption at baseline was
associated with lower pain interference at 1-year
follow-up. However, the opposite was true for
individuals who exhibited more AUD symptoms.
For them, higher baseline alcohol consumption was
significantly related to higher pain interference at
1-year follow-up, indicating that the detrimental
effects of alcohol on pain interference may emerge
as the severity of the disease progresses. There
is also a strong association between alcohol
consumption, chronic pain, and pain-associated
disability. Among persons with chronic pain,
disabling pain was strongly associated with their
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level of alcohol consumption.®” There is some
evidence that chronic pain status may be predictive
of future drug and alcohol use. In prospective
epidemiological studies, self-reported pain
interference was predictive of AUD development,*®
and persistent pain was associated with increased
odds of opioid use (adjusted odds ratio [AOR] =
5.4) and heavy alcohol use (AOR = 2.2) compared
to no pain.*

With human research, it is very difficult
to determine the direction of causality for the
relationship between SUD and pain. Fortunately,
a major benefit of animal research is the care with
which experimental conditions can be controlled
to determine the direction of causality for these
complex associations. Preclinical animal research
has been critical for the modeling of interactions
between pain and SUD, and some of the most
widely used techniques are described here.

ANIMAL MODELS TO
EXAMINE PAIN AND
SUD INTERACTIONS

Key symptomatology of OUD and AUD—
including escalation of drug intake, compulsive
drug seeking, development of hyperalgesia, and
the emergence of negative affective states—can
be reliably modeled in rodents. When discussing
drug-induced hyperalgesia, it is necessary to
discriminate that nociception and pain are different
phenomena. Nociception refers to the neural
process of encoding noxious stimuli, whereas pain
refers to a personal experience that is influenced
by biological, psychological, and social factors.
Pain is therefore a subjective and inherently
emotional experience. Accordingly, the empirical
assessment of pain in rodents can be challenging.
It is possible, however, to assess nociception and
affective pain-like behavior in rodents through a
variety of assays. Preclinical animal models also
provide valuable tools for investigating the somatic
and behavioral symptoms of SUD, identifying
neurobiological changes associated with SUD,
and testing medications to alleviate symptoms
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of dependence and reduce abuse liability. These
models impact medication development and
increase understanding of the behaviors that
contribute to the development of SUD. There are
several different procedures for inducing opioid
and alcohol dependence in animals. Most involve
the general procedure of repeatedly putting
animals through a period of intoxication where
the drug is administered by the experimenter or
self-administered by the animals. This is followed
by a period where the drug is not available, which
produces a state of spontaneous withdrawal.

As this cycle of intoxication and withdrawal is
repeated, animals will begin to exhibit symptoms
of dependence, including escalation of intake

(if the drug is self-administered), pain-like
behavior, compulsive drug-seeking behavior,

and the emergence of negative emotional states
(e.g., anxiety-like behavior).** When the drug is
administered by the experimenter, the behavioral
and neurochemical consequences of drug
escalation can be mimicked by giving animals

an escalating dose regimen to achieve a state of
dependence.® In rodents, the most commonly
used routes of administration for opioids include
intravenous self-administration and subcutaneous
administration, while the routes of administration
for alcohol include oral self-administration, ethanol
vapor exposure, intragastric gavage, a liquid diet
containing alcohol (e.g., Lieber-DeCarli diet), and
intraperitoneal administration.

Measurement of Nociception and
Affective Pain in Animals

There are numerous tests to assay pain-like
behavior in rodent models of psychiatric disease,
although the most common tests of nociceptive
behavior in the context of hyperalgesia include
von Frey** and Hargreaves® tests of mechanical
hypersensitivity and thermal hypersensitivity,
respectively. These reflexive-based tests involve
applying a mechanical or thermal stimulus to
the rodent’s hind paw and measuring either the
paw withdrawal threshold (typically in grams of
pressure) for a graded mechanical stimulus or the
paw withdrawal latency (typically in seconds)

41
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for a constant thermal stimulus. A higher paw
withdrawal threshold or latency compared to
baseline is associated with an analgesic or anti-
nociceptive process (e.g., following administration
of an opioid substance), while a lower paw
withdrawal threshold or latency is associated with
hyperalgesia (i.e., more sensitive to the stimulus
when compared to baseline). As discussed

earlier, the subjective pain experience can greatly
impact motivational processes associated with

the transition to SUD. One shortcoming of these
reflexive-based assays is the inability to assess

the motivational and affective dimensions of

pain, which are hypothesized to influence the
transition to both chronic pain states* and SUD.*+6
Neuroscientists are beginning to employ additional
behavioral tests that attempt to more closely

assess the cognitive and motivational aspects of
pain-like behavior beyond the somatic or sensory
components. These non-reflexive-based assays
allow the potential to examine the contribution

of negative affective-like states towards activity
avoidance and pain interference in the context of
SUD.**® In the mechanical conflict-avoidance
system (MCS) task, animals traverse mechanically
noxious probes of varying heights to avoid a bright
aversive light, escaping to reach a goal chamber
that is dark. A longer latency to exit onto the probes
reflects increased pain avoidance-like behavior

as a motivational correlate of hyperalgesia. The
specific strengths and limitations of the MCS
procedure have been described, illustrating its
utility in measuring both analgesic and hyperalgesic
conditions.*”*-** Another innovative technique in
this area is the Orofacial Pain Assessment Device
(OPAD), which pairs a thermal stimulus conflict
with access to an appetitive reward®! and can

be readily applied to oral alcohol or opioid self-
administration. These reflex-based and non-reflex-
based pain assays can be used in tandem to more
comprehensively examine the effects of opioid and
alcohol dependence on both somatic and affective
pain-like behaviors in rodents.
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Measurement of Opioid-Induced
Hyperalgesia in Animals

Induction of opioid dependence in rodents can be
achieved through intravenous self-administration
where animals are given extended (or long) access
(LgA; 6 hr, 12 hr, or 24 hr) versus limited (or
short) access (ShA, 1 hr) to opioids,* including
prescription opioids such as fentanyl and
oxycodone.” In this model, LgA animals exhibit
hallmarks of OUD including escalation of opioid
intake, compulsive opioid seeking, development
of hyperalgesia, and the emergence of negative
emotional states. Male Wistar rats given LgA

(12 hr) to heroin self-administration (0.06 mg/
kg/infusion) exhibit decreased paw withdrawal
thresholds compared to ShA (1 hr) animals during
spontaneous withdrawal, indicating opioid-
induced mechanical hyperalgesia.** Interestingly,
the emergence of opioid-induced hyperalgesia
coincided with escalated heroin intake in

LgA animals, which was not observed in ShA
animals.** In this study, increased heroin intake
was significantly correlated with increased pain-
like behavior (lower paw withdrawal thresholds),
demonstrating the close relationship between
opioid intake and pain symptoms in the context of
dependence. Repeated subcutaneous administration
of opioids can also induce dependence and pain-
like behavior in rodents. Rats given repeated
subcutaneous doses of heroin for 5 days exhibited
decreased paw withdrawal thresholds compared
to animals given a single dose of heroin,
demonstrating the ability of opioids to drive
nociceptive system sensitization.” In a separate
study, male Wistar rats were given an escalating
dose regimen of morphine (10 mg/kg to 20 mg/kg)
over 2 weeks to examine the effects of morphine
dependence on the sensory and motivational/
affective components of pain-like behavior, using
von Frey and MCS procedures, respectively.*
Opioid-dependent animals exhibited an increased
latency to exit onto a bed of noxious mechanical
probes during withdrawal compared to saline-
injected controls, indicating increased pain-like
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avoidance with escalated morphine use. There

was a modest but significant correlation between
changes in mechanical hypersensitivity and pain-
like avoidance behavior, indicating that the von Frey
and MCS procedures examine overlapping, but not
identical, measures of pain-like behavior. Continued
investigations that shed light on individual
differences in opioid and pain sensitivity along both
somatic and affective dimensions also may help
researchers to maximize the beneficial use of opioid
analgesics while minimizing OUD liability.

Measurement of Alcohol-Induced
Hyperalgesia in Animals

The somatic and affective symptoms of AUD

can be reliably modeled in rodents using chronic
intermittent ethanol vapor (CIEV) exposure.” The
intermittent procedure involves daily cycles of
alcohol vapor (producing peak blood alcohol levels
of 150-200 mg/dl) and alcohol withdrawal. After
several weeks of CIEV, alcohol-dependent male
Wistar rats exhibited decreases in paw withdrawal
thresholds during spontaneous withdrawal
compared to non-dependent controls, indicating
alcohol-induced mechanical hyperalgesia.** In a
separate study, 4 weeks of CIEV produced thermal
hyperalgesia in alcohol-dependent male Wistar
rats compared to nondependent controls.* This
increase in pain-like behavior was attenuated
following either alcohol administration by the
experimenter or alcohol self-administration.

The anti-hyperalgesic effects of acute alcohol
treatment in alcohol dependence provides strong
evidence of the motivation to drink alcohol to
ameliorate withdrawal symptoms and decrease
pain. In a nonforced contingent ethanol vapor self-
administration study, male Wistar rats were allowed
to nose poke for ethanol vapor (8 hr/day) over either
8 or 24 sessions, which produced nonescalated and
escalated nose poking for ethanol vapor exposure,
respectively.’’ Like the previous CIEV studies,
rodents who escalated nose pokes demonstrated
decreased paw withdrawal thresholds during
withdrawal compared to nonescalated animals,
indicating increased pain-like behavior. Additional
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models of alcohol dependence, including chronic
intermittent two-bottle choice and the Lieber—
DeCarli diet, produced mechanical and thermal
hyperalgesia in male Sprague Dawley rats,*®** and
the “Drinking in the Dark” procedure facilitated
hyperalgesia in female and male C57BL/6J mice.®

Examining How Pain Influences Opioid
and Alcohol Use in Animals
Another interesting area of preclinical pain research
involves examining the effects of persistent
pain on drug abuse liability. Neuropathic pain,
fibromyalgia, low back pain, and osteoarthritis
are common medical conditions that contribute to
the burden of chronic pain disorders. Accordingly,
preclinical models of neuropathic pain (e.g.,
spared nerve injury, spinal nerve ligation) and
inflammatory pain (e.g., complete Freund’s adjuvant
[CFA]) are frequently used to examine the effects
of chronic pain on behavior and neurochemistry
in rodents. Martin and colleagues found that,
compared to controls, nerve-injured male Fisher 344
rats required higher amounts of heroin to maintain
heroin self-administration and were more sensitive
to mu-opioid receptor antagonist-induced increases
in heroin self-administration.’ In a study examining
how persistent inflammatory pain alters morphine
preference, CFA reduced the number of morphine
conditioning sessions required to acquire morphine-
conditioned place preference in male Wistar rats.*
Hipolito and colleagues found that CFA altered
heroin self-administration in a dose-dependent
manner in male Sprague Dawley rats.®* High unit
doses (0.2 mg/kg/infusion) were more reinforcing,
and low unit doses (0.05 mg/kg/infusion) were less
reinforcing. These preclinical examinations provide
evidence for the hypothesis that the driving force for
motivation to self-administer opioids in individuals
with an underlying pain condition may be in part to
seek relief from chronic pain. These findings may
also indicate that shared neural substrates promote
both substance use and pain chronification, or the
process by which acute pain becomes chronic, as
discussed in the next section.

A number of additional studies have examined
the effects of chronic pain on alcohol consumption
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in rodents.®* Sciatic nerve—injured CDI male
mice consumed more alcohol (20% ethanol) and
exhibited increased anxiety-like behavior compared
to sham-operated mice, suggesting that a chronic
pain state drives increased alcohol consumption.®
In a mouse model of osteoarthritis, male C57BL/6J
mice consumed significantly more alcohol than
sham controls during a two-bottle choice test of
escalating alcohol concentrations (2.5% to 20%).5
During a 20% ethanol continuous access test, CFA
increased alcohol drinking in male C57BL/6J mice,
but did not increase drinking in female C57BL/6J
mice.”” In contrast to these findings in mice, a
recent study found no effect of CFA on alcohol
self-consumption or alcohol preference in male
Wistar rats.® However, this study discovered that
the relationship between alcohol drinking levels
and hyperalgesia symptoms reversed between
acute (1-week) and chronic (3-week) periods post-
CFA administration, suggesting that either the
motivational or analgesic effects of alcohol may be
altered over the time course of chronic pain.
Altogether, there appear to be clear effects
of chronic pain on opioid intake, motivation
for opioids, alcohol consumption, and alcohol
preference that are largely dependent on factors
including rodent species and sex. In summary,
repeated and extensive exposure to opioids and
alcohol promotes escalation of intake and pain-
like behavior, which are sequelae that can in turn
exacerbate abuse liability and SUD disease severity.

SHARED FRONTOCORTICAL
SUBSTRATES FOR
AFFECTIVE PAIN AND SUD

In addition to somatosensory elements, both
affective/emotional and cognitive/motivational
dimensions can augment pain-related morbidity.®
Chronic pain can generate continual negative
affective states and promote new cognitive
strategies and behaviors to avoid pain.
Consequently, pain relief itself activates reward
circuitry and is experienced as a positively valenced
emotional state.® It is thus hypothesized that the
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emergence of painful states following chronic or
excessive opioid or alcohol exposure facilitates
negative reinforcement processes whereby
individuals seek relief from pain by escalating use
of these substances, culminating in the development
of psychiatric sequelae including SUD.*%¢ Specific
alterations in frontocortical activity may facilitate
pain and promote maladaptive behaviors in close
association with pain-related negative affective
states. As such activity is heavily impacted by
chronic or excessive opioid and alcohol exposure,
further interrogation of within- and between-circuit
neuroadaptations is warranted to better understand
the pathological intersection of pain and SUD.**7

INSULAR AND CINGULATE
CORTICES AND AFFECTIVE
PAIN PROCESSING

The insular cortex and the cingulate cortex
represent key components of a distinct neural
network within the larger executive control system
of the prefrontal cortex. Communication within
these areas is hypothesized to facilitate attribution
of emotional salience to both internal and external
stimuli, including pain-related noxious stimuli.’

Of particular interest is the role of frontocortical
regions in higher nociceptive processing, as well

as their historical association with SUD.? Pain is a
multidimensional experience, which comprises both
sensory and affective-motivational components.”
Through studies of these regions both in isolation
and as a functional network, the insula and
cingulate have been identified as key areas for
supraspinal processing of the affective dimension.'®
Imaging studies have also identified heightened
activity in the insula and cingulate with the
anticipation of pain and have correlated perceived
pain intensity with degree of concurrent activity

in the insula and cingulate in human subjects.”"?
In rodent models, selective lesions of the cingulate
have been shown to reduce pain-related aversion
without altering the sensory element of noxious
stimuli.”” The insula has reciprocal connections
with the cingulate and receives nociceptive
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information directly from the thalamus.” Moreover,
insula connectivity with subcortical regions such

as the amygdala may facilitate emotional arousal to
noxious stimuli.”"”

Resting-state functional magnetic resonance
imaging (fMRI) analyses have identified a precise
network based in the insula and cingulate that
extends to several subcortical regions referred to as
the salience network. The salience network model
was developed from the integration of multiple
human fMRI studies that ultimately led to the
hypothesis that this particular circuitry recognizes
and assimilates interoceptive and external
information, recruits and derecruits additional
executive networks to engage the appropriate
cognitive processes (focusing attention to stimuli,
including noxious stimuli), and ultimately regulates
an adaptive behavioral response.”® Alterations in the
salience network are observed in individuals with
chronic pain and are associated specifically with
greater pain catastrophizing,” a phenomenon that is
believed to be closely related to the chronification
of pain. The network has most commonly been
investigated in human and nonhuman primate
models, but was recently confirmed in rodents,
validating crucial contributions from the insula and
cingulate cortex.®

DYSREGULATION OF THE
SALIENCE NETWORK BY
ALCOHOL AND OPIOIDS

Research has provided evidence that AUD
dysregulates activity of the insula-cingulate
salience network in humans, typically indicated
by fMRI analyses. This alteration is believed

to impair executive function, compromising

the ability to make appropriate or cognitively
demanding decisions.®! Salience network deficits
may specifically contribute to the maintenance
or exacerbation of AUD by making an individual
unable to clearly discern risky behaviors, such as
the decision to seek out and consume excessive
amounts of alcohol despite adverse consequences.
This network may be particularly vulnerable in
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AUD patients exposed to stressful conditions

due to cingulate dysfunction.® Investigators have
also found that excessive drinking may disrupt
normal associations between interoception and
pain.®* A similar involvement of endogenous opioid
signaling in salience network function is well
known.? Alterations in the network’s connectivity
are related to resting state dysfunction® as well as
to relapse behaviors® in patients with OUD. More
studies are needed to examine salience network
activity in populations with OUD in relation to
hyperalgesia symptoms, especially because pain
symptoms can promote opioid craving even after
months of abstinence.’!

Although the salience network is most
commonly examined in humans, several preclinical
animal studies have begun to examine the
importance of this construct with relation to pain
and alcohol exposure. Interestingly, in mice, the
insula and cingulate were discovered to have a
role in the social transfer of pain associated with
hyperalgesia following alcohol withdrawal.®’
Another recent study found several interbrain
regional correlations of glucocorticoid receptor
(GR) phosphorylation in animals experiencing a
binge alcohol withdrawal episode in the context of
chronic inflammatory pain.®® The insular cortex
acted as a hub for these correlations with other
nociceptive regions investigated (including the
cingulate cortex and central amygdala), suggesting
coordinated activity in insula circuitry and
glucocorticoid signaling in the context of pain and
alcohol withdrawal. This type of within-subject
molecular analysis at the animal level may model
human fMRI analyses of related network activity.
These circuit-based relationships also have been
hypothesized to play a key role in the motivational
processes relevant to SUD.® Finally, a recent
conceptual review postulated that neurovisceral
feedback and interoceptive dysregulation by
opioids and alcohol can be traced to alterations in
gut microbiota,* highlighting the need for further
investigation of the gut-brain axis in SUD and
related pain.
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BRAIN STRESS SIGNALING
IN AFFECTIVE PAIN
AND SUD

Given that chronic and unmitigated pain represents
a significant stressor, elucidation of chronic opioid-
and alcohol-induced neuroadaptations within brain
stress systems may provide valuable insights into
potential mechanisms underlying the transition to
SUD in vulnerable individuals. Indeed, the role of
central stress hormone and neuropeptide signaling
in response to stress has emerged as a conceptual
bridge between chronic substance use, affective and
cognitive disruption, and propensity to relapse.*
As the key integrative link between the systemic
and central brain stress response, the hypothalamic-
pituitary-adrenal (HPA) axis is responsible for
orchestrating adaptive processes that return an
organism to homeostasis following exposure to a
stressor. Release of corticotropin-releasing factor
(CRF) from the hypothalamus initiates this process
by regulating the production and processing of
pro-opiomelanocortin from the anterior pituitary.
The pro-opiomelanocortin transcript produces two
key peptides related to the effective management of
both stress (adrenocorticotropic hormone) and pain
(beta-endorphin), illustrating the close relationships
between these two vital physiological systems.
Adrenocorticotropic hormone acts to facilitate the
production and release of glucocorticoids from the
adrenal cortex, after which the systemic response
is under the control of critical negative and positive
feedback mechanisms, whereby glucocorticoids can
inhibit or stimulate (respectively) their own genomic
and nongenomic actions by binding to GRs in
the brain.”® Stress sensitization via potentiated
GR signaling may represent one mechanism for
intensification of SUD-associated negative affective
symptoms, termed hyperkatifeia.*®
Alcohol-dependent animals display a functional
increase in brain GR signaling that appears to
emerge during the transition to dependence.”
GR antagonism reduces escalated drinking in
both preclinical animal models and in individuals
suffering from AUD.?? It is also interesting that
systemic administration of the GR antagonist
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mifepristone alleviates mechanical hyperalgesia
symptoms observed in animals fed an alcohol
diet.”” These convergent findings suggest that
targeting excessive stress signaling may be
capable of treating both excessive drinking and
pain symptoms in the context of AUD. Less is
understood about these associations in relation to
OUD, although similar relationships connecting
negative reinforcement processes to pain and OUD
have been proposed.’*** These conceptualizations
are supported by research indicating links
between serum cortisol levels and opioid
withdrawal in humans® and functional activation
of negative reinforcement brain centers in opioid-
dependent animals.”” Although systemic CRF,
receptor antagonism has been shown to alleviate
hyperalgesia symptoms in opioid-dependent
animals,* no studies have investigated the potential
contribution of GR signaling in this process.
Given the role of chronic stress and glucocorticoid
activity in exacerbating pain,” additional work is
necessary to determine the relationships between
stress hormone signaling and pain symptoms in
patients suffering from AUD and OUD.

CONCLUSIONS

Few effective therapies exist for SUD or chronic
pain. The accretive pathophysiology and shared
neurobiological interactions of these disease

states likely complicate their effective treatment.
Powerful reinforcement processes maintain the use
of opioids and alcohol to manage pain as well as the
negative affective states that underlie chronic pain
experiences. Future translational research priorities
should aim to bridge gaps in our understanding

of how opioids and alcohol act on nociceptive and
higher motivational circuitry to drive tolerance and
hyperalgesia symptoms that may exacerbate SUD.
Numerous symptoms are regularly associated with
severe SUD, ranging from poor risk management
to the cognitive/affective dimension of pain. These
symptoms are likely driven by neuroadaptations
within key anatomical elements that regulate higher
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executive functions, including key contributions
from the cingulate and insula cortices.
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People living with pain report drinking alcohol to relieve pain. Acute alcohol use reduces
pain, and chronic alcohol use facilitates the emergence or exaggeration of pain. Recently,
funding agencies and neuroscientists involved in basic research have turned their attention
to understanding the neurobiological mechanisms that underlie pain-alcohol interactions,
with a focus on circuit and molecular mediators of alcohol-induced changes in pain-related
behavior. This review briefly discusses some examples of work being done in this area, with
a focus on reciprocal projections between the midbrain and extended amygdala, as well as
some neurochemical mediators of pain-related phenotypes after alcohol exposure. Finally,
as more work accumulates on this topic, the authors highlight the need for the neuroscience
field to carefully consider sex and age in the design and analysis of pain-alcohol interaction
experiments.

KEYWORDS: alcohol; pain; withdrawal; dependence; hyperalgesia; allodynia

Chronic pain increases the risk for development alcohol consumption, however, can increase pain
of alcohol use disorder (AUD). Given that acute sensitivity during withdrawal and facilitate pain
alcohol consumption can reduce pain, humans sensitization related to comorbid pain conditions.!
sometimes drink alcohol for relief of pain. Chronic Ascending and descending nociceptive circuitry
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and higher order pain processing centers exhibit

a high degree of overlap with the brain circuits

that mediate behaviors associated with alcohol
reinforcement and with AUD, alcohol dependence
and withdrawal.' Recently, the National Institute

on Alcohol Abuse and Alcoholism has prioritized
research that aims to uncover the neurobiological
mechanisms that underlie pain-associated increases
in alcohol drinking (i.e., self-medication) and the
emergence or exaggeration of pain phenotypes by
chronic alcohol exposure. Layered into this research
topic are questions of sex differences and species
differences, age at time of alcohol exposure and
testing, and potential effects of dose, duration,
route, and pattern of alcohol exposure. In response
to this programmatic shift, neuroscientists involved
in basic research have increased their investigation
of the neurobiological mechanisms underlying these
phenomena, including circuit interrogation and
testing the role of neuropeptides, which are the two
focal points of this review. Discussed below are the
roles of two circuits between the limbic forebrain
and the midbrain, more specifically, projections
descending from the central amygdala (CeA) to

the periaqueductal gray (PAG) and projections
ascending from the PAG to the bed nucleus of the
stria terminalis (BNST), as well as peptidergic
transmission within those regions and circuits,

in mediating alcohol-pain interactions. Although
each of these brain regions can be subdivided, the
literature in this area is in its nascent stages and in
many cases the contributions of subregions have not
been examined; therefore, this review’s language
regarding brain regions reflects the resolution
provided within the cited studies.

SUPRASPINAL CIRCUITS IN
ALCOHOL WITHDRAWAL
HYPERALGESIA

In the brain, the molecular and cellular mechanisms
involved in pain processing are complex and
diverse. The ventrolateral PAG (VIPAG) receives

Alcohol Research: Current Reviews

information from ascending pain pathways and is

a major source of descending outputs responsible
for inhibitory control of pain.?? In adult male and
female Sprague-Dawley rats, the analgesic and
antihyperalgesic effects of opioid receptor agonists
are in part attributed to their action in the PAG.*
More specifically, opioid drugs can reduce pain in
adult male Sprague-Dawley rats by facilitating the
activity of descending vIPAG outputs to the rostral
ventrolateral medulla (RVM),>¢ and evidence
suggests that endogenous opioids may modulate
pain similarly in rodents.” In adolescent male Swiss
Webster mice, mu opioid receptor activation also
disinhibits tyrosine hydroxylase (TH)-positive (i.e.,
dopaminergic [DAergic|) neurons in the PAG via
local gamma-aminobutyric acid-ergic (GABAergic)
inputs.® Therefore, the PAG receives input from
ascending pain modulation pathways, has reciprocal
connections with the limbic forebrain, and mediates
the analgesic effects of opioid drugs via multiple
mechanisms and circuits. Furthermore, chronic
alcohol exposure produces plasticity in the CeA®
and BNST," both of which are inputs to the PAG,'-!?
suggesting that the same circuitry responsible for
pain modulation may be sensitive to prolonged
alcohol use.

A majority of prior work examining the
neurobiology of alcohol has focused on the
investigation of individual brain regions, but
progressively more attention is being paid to the
acute and chronic effects of alcohol on brain circuits
involved in nociception. The ultimate goal of
circuit-level analysis of alcohol-related hyperalgesia
is to facilitate the identification of potential
treatment targets in humans with AUD living with
pain. This may be achieved by establishing the
molecular signature of cells that modulate pain and
nociception via projections to other brain regions.
For example, if specific receptor subtypes are
preferentially enriched on a subset of projection
neurons, then pharmacological modulation of
those receptors may present a unique opportunity
to modulate that circuit for reducing pain-related
outcomes with minimal off-target effects.

Vol 41 No 1 | 2021



VLPAG/DR TO BNST:
AN ASCENDING
ANTINOCICEPTIVE CIRCUIT

Dopamine (DA) neurons in the vIPAG/dorsal
raphe (DR) were first characterized in a series of
neuroanatomical studies, where they were reported
to be a dorso-caudal extension of the ventral
tegmental area (VTA)."*'* Dopamine neurons
in the VIPAG/DR are disinhibited by mu opioid
receptor agonists and have roles in mediating pain
and arousal in rats and mice of various strains and
ages.*!*22 Notably, the vVIPAG/DR and VTA project
to the extended amygdala, where co-release of
DA and glutamate activates neurons in the BNST
and the CeA of rats and mice.®?*?* Therefore, it is
reasonable to postulate that DA signaling in these
extended-amygdala structures alters some aspects
of the pain experience.

In support of this notion, bath application
of alcohol promotes firing of vIPAG/DR DA
neurons in brain slices taken from adolescent male
Swiss Webster mice, potentially via modulation
of glutamatergic transmission.* Furthermore,
systemic administration via intraperitoneal
injection of alcohol or morphine can increase
extracellular DA levels in the BNST of presumably
adult (230-250 g) male Sprague-Dawley rats,?® and
morphine increases phosphorylation of extracellular
signal-regulated kinase (ERK) via dopamine D1
receptors in adult male and female C57 mice,”’
suggesting that drugs of misuse may modulate
pain via activation of DA inputs to the BNST.
Given the role of the BNST in regulating emotional
and motivational behaviors, vVIPAG/DR DAergic
projections to the BNST may mediate or mitigate
the affective aspects of chronic pain. Interestingly,
both chemogenetic activation of vVIPAG/DR
DAergic neurons and optogenetic activation of
vIPAG/DR TH-positive outputs to the BNST are
antinociceptive in adolescent® and adult*** male
mice. This antinociceptive effect manifests as a
reduction in basal pain sensitivity and attenuation
of hypersensitivity after persistent intraplantar
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inflammation, demonstrating a possible role for
DAergic projections from the vIPAG/DR to the
BNST in pain-related outcomes.

THE VLPAG/DR-BNST
CIRCUIT IN SEX-SPECIFIC
MECHANISMS OF PAIN

In humans, pain drives greater functional
connectivity between the PAG and limbic structures
in men relative to women,* but the mechanisms
behind these differences are unclear. Only a few
molecular drivers of sex differences have been
identified for pain,*® with some evidence supporting
arole for DA signaling in the vIPAG/DR and the
BNST. In the midbrain, the vVIPAG-RVM circuit

is critical for mediating morphine antinociception
and tolerance to this effect in adult male Sprague-
Dawley rats;* the same effects are facilitated, at
least in part, by morphine-microglia interactions

in adult female Sprague-Dawley rats.’! Chronic
inflammatory pain increases presynaptic GABA
release but decreases high-affinity tonic gamma-
aminobutyric acid type A (GABA,) receptor-
mediated currents exclusively in vIPAG neurons

of adolescent female Sprague-Dawley rats, an
effect that may be associated with sex-specific
morphine-induced antinociception, which was
measured in adult Sprague-Dawley rats in the same
study.*? These data suggest that opioids and chronic
inflammation alter GABAergic signaling in the
VIPAG and influence pain sensitivity differently

for males and females. Considering that the same
vIPAG GABAergic neurons that regulate the
activity of RVM-projecting cells also may govern
the activity of vVIPAG DAergic neurons in adolescent
and adult mice,**? it is possible that BNST-
projecting vVIPAG/DR DA-positive cells contribute
to sex differences in pain processing. Previous
work from the Kash lab and others have shown that
DAergic cells in the vVIPAG/DR robustly project to
the BNST and that their activation reduces pain-
related behaviors in adolescent and adult male
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mice,>? but these evaluations were performed only
in male mice and did not examine circuit activity.
Newly published data from the Kash lab indicate
that optogenetic activation of DAergic inputs from
the vIPAG/DR to the BNST alters nociception in
adult male but not female C57 mice,?® and that

this activation is associated with subtle changes in
dopamine receptor function assessed in brain slices.
In contrast, local antagonism of DA D1 receptor

in the BNST increases pain-like behavior only in
adult female rats.*® These data suggest not only sex
differences, but also species differences, in the role
of DAergic inputs from the vVIPAG/DR to the BNST
in mediating pain-related behavior.

DA REGULATION OF CRF
FUNCTION IN THE BNST,
SEX, AND REGULATION
OF PAIN

The BNST is a center of integration for value
representation, motivated behaviors, threat
response, and drug use.** Although the potential
role of the BNST in pain is not well characterized,
it has been suggested that corticotropin-releasing
factor (CRF) signaling in the BNST has a role in
the sensory and affective-motivational components
of pain,** which parallels data showing that

CREF signaling in the CeA of adult male Sprague-
Dawley rats facilitates pain-like responses via
actions at CRF type-1 receptor (CRFR1).*> Evidence
for DA-CREF interactions comes from findings

that DA enhancement of glutamatergic synaptic
transmission in the BNST is regulated by CRFR1
activity in adolescent male C57 mice.” Although

it has been assumed that this DA comes from

the VTA, the vIPAG/DR remains an intriguing
possibility as the source of DA in the BNST.
Because DA neurons in the VIPAG/DR co-express
vasoactive intestinal peptide (VIP) in mice** and
VIP neurons in the vVIPAG/DR terminate onto CRF
neurons in the BNST, vIPAG/DR DA neurons may
directly influence CRF signaling by innervating
CRF neurons in the BNST. A more direct indication
by Meloni et al. (2006)* shows that in adult male
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Sprague-Dawley rats, the majority of DA neurons
innervating CRF neurons in the BNST originate in
the vIPAG/DR. Therefore, vVIPAG/DR DA neurons
may interact with CRF signaling via direct cellular
transmission onto CRF neurons in the BNST.
Finally, BNST anatomy, CRF distribution,** DA
modulation of pain* and behavioral effects? differ
in male and female rats and mice. Therefore, it is
possible that DA cells in the vVIPAG/DR and CRF
cells in the BNST work together to contribute to
sex differences in pain. The Kash lab has begun

to explore this possibility using in vivo imaging.*
Briefly, the authors found that CRF neurons in the
BNST are dynamically engaged during nociceptive
processing; however, there is reduced activation of
BNST CRF neurons during noxious heat exposure
in adult female mice compared to males. It will be
critically important to determine if the dynamics
of CRF neurons in the BNST are altered following
alcohol exposure. Although there has been more
focus on the role of dopaminergic innervation of the
BNST in pain-related outcomes, one study reported
that activation of serotonergic projections from the
DR to the CeA reduces negative affective behavior
in adult male mice with chronic inflammatory

or neuropathic pain.* This finding is especially
intriguing given that selective serotonin reuptake
inhibitors have been used to treat both AUD and
pain disorders.

CEA TO VLPAG
PROJECTIONS IN
ALCOHOL WITHDRAWAL
HYPERALGESIA

The vIPAG is densely innervated by descending
inputs from the CeA.>*! In the context of chronic
pain models, the CeA and its projections to the
VIPAG have been tested for their role in pain-
related behaviors in adult and adolescent rats

and mice.>*% Early studies showed that electrical
stimulation of the CeA in rodents produces
analgesia, and that this effect is blocked by
lidocaine-induced inactivation of PAG or by opioid
receptor blockade in PAG, suggesting that cells
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projecting from the CeA to the PAG modulate the
nocifensive response in male Wistar rats weighing
140-160 grams.”” Data from the Gilpin lab show
that inactivation of the CeA as a whole (using
tetrodotoxin),*® or inactivation of cells projecting
from the CeA to the vIPAG (using optogenetics),'!
is pronociceptive in adult male Wistar rats. Work
from other groups shows that ERK activation in
the amygdala (manipulations aimed at the CeA)
is necessary and sufficient to induce lasting
mechanical hypersensitivity in male Swiss Webster
mice weighing 40—45 grams.> In recent years, it
has become increasingly clear that the role of the
CeA in mediating pain-like responses is affected by
the CeA subregion (medial versus lateral division)*
and CeA cell type (according to their morphology,
electrophysiology and molecular signature)®?
being examined, as well as laterality of pain and
amygdala,* and possibly also by chronic pain state,
species, sex, and age of experimental subjects.
Based on this prior work, the Gilpin lab
investigated the relationship between chronic
exposure to high-dose alcohol, CeA-vIPAG circuit
activity, and pain-related outcomes in rats. Adult
male Wistar rats rendered alcohol-dependent via
long-term alcohol vapor exposure (i.e., exposure
models that produce physiological and behavioral
signs of withdrawal upon termination of alcohol
exposure) exhibit thermal hyperalgesia during
withdrawal, which is not observed in rats that
are nondependent alcohol drinkers or alcohol-
naive controls.” This effect is reversed by acute
bolus systemic alcohol injections and by oral
alcohol self-administration prior to nociception
testing.” In subsequent work using optogenetic
stimulation of CeA terminals in the vIPAG, alcohol-
dependent adult male Wistar rats exhibited weaker
connectivity between the CeA and the vIPAG
during alcohol withdrawal, as evidenced by lower
amplitude of inhibitory postsynaptic currents.!!
The authors also showed that pro-nociceptive
manipulations in the CeA of rats can be reversed
by mu opioid receptor blockade in the vVIPAG
(confirming the result found by Oliveira and Prado
in 2001,”” mentioned above), that optogenetic
activation of CeA neurons projecting to the vIPAG
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attenuates hyperalgesia associated with alcohol
withdrawal in alcohol-dependent rats, and that
inhibition of these neurons produces thermal
hyperalgesia in otherwise experimentally naive
adult male Wistar rats."!

AMYGDALAR MC4R
SIGNALING IN

ALCOHOL WITHDRAWAL
HYPERALGESIA

Chronic alcohol exposure and withdrawal alters
melanocortin 4 receptor (MC4R) expression in the
CeA of adult male Wistar and Sprague-Dawley
rats,*° and site-specific antagonism of MC4Rs in
the CeA reverses alcohol withdrawal hyperalgesia
in adult male Wistar rats." Antagonism of MC4Rs
in the amygdala facilitates the antinociceptive
effects of morphine and prevents the development
of tolerance to the analgesic effects of morphine as
well as the emergence of paradoxical hyperalgesia
during morphine withdrawal in adult male Sprague-
Dawley and Wistar rats.®"$? Furthermore, MC4R
antagonism reduces neuropathic pain in adult male
Wistar rats.63%4

MC4Rs are expressed at most levels of the
ascending and descending pain circuitry and induce
plasticity by altering trafficking of alpha-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors to the membrane.®® Therefore,
it would be of interest to know whether MC4R
expression is enriched specifically in cells linking
brain regions important for pain processing, that is,
in pain circuits (e.g., on the postsynaptic membranes
of VIPAG-projecting cells in the CeA). It is unclear
whether MC4Rs are expressed or enriched on the
postsynaptic membrane of vIPAG-projecting cells
in the CeA. Ongoing work is examining whether
this is the case and aims to test whether modulation
of MC4R activity on vIPAG-projecting CeA cells
attenuates alcohol withdrawal hyperalgesia and
other pain states. Collectively, there is growing
literature showing that MC4R antagonism in
the CeA—and other sites in the central nervous
system—reduces pain-related behavior in multiple
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pain states. This is exciting when one considers

that intranasal delivery of an MC4R antagonist
blocks alcohol withdrawal hyperalgesia in adult
male Wistar rats® and reduces anxiety-like behavior
in male Sprague-Dawley rats weighing 150—160
grams,”® suggesting that intranasal delivery of
MCA4R antagonists to treat pain conditions may hold
promise for translation to the clinic.

AMYGDALAR CRF
SIGNALING IN

ALCOHOL WITHDRAWAL
HYPERALGESIA

Many years of research have been devoted to
understanding the behavioral effects of CRF-
CRFRI1 signaling in the CeA. Much of this work
has focused on addiction-related behaviors, anxiety-
like behavior, stress reactivity, fear-related behavior,
and nociception in rats and mice.>**¢” CRF and
CRFRI1 messenger RNA (mRNA) and protein
levels are highly expressed in the CeA of adult male
Wistar rats,®® CRF increases inhibitory transmission
in the CeA, and this effect is altered by alcohol
dependence in adolescent male Sprague-Dawley
rats.”” In the same study, chronic in vivo systemic
CRFRI1 antagonism during alcohol withdrawal
prevented the emergence of dependence-like
phenotypes during subsequent withdrawals in adult
male Wistar rats.® Antagonism of CRFRI1 in the
CeA acutely reduces anxiety-like behavior in adult
male Wistar rats,” reduces avoidant behaviors in
adult male Wistar rats with high stress reactivity,”!
reduces escalation of alcohol drinking in alcohol-
dependent and stressed adult male Wistar rats,*"!
and attenuates hyperalgesia induced by nicotine
dependence and predator odor stress in adult male
Wistar rats.**"

Recent work from the Gilpin lab shows that
chronic alcohol exposure during adolescence
leads to hyperalgesia and reductions in synaptic
drive onto vIPAG-projecting CeA cells in rats,
effects that last many weeks after termination of
alcohol exposure in male but not female Wistar
rats.”® This latter finding is in agreement with
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prior work from the authors showing weaker
CeA-vIPAG connectivity in alcohol-dependent
adult male Wistar rats that are hyperalgesic during
acute withdrawal." It remains to be determined
whether the effects of CRFR1 in the CeA on alcohol
withdrawal hyperalgesia can be attributed to their
expression on specific subsets of CeA projection
cells. Ongoing work by the authors seeks to build
on these initial circuit-level findings by determining
(D) how the CeA-vIPAG circuit is modulated by the
activity of specific peptide systems during alcohol
withdrawal, and (2) the role of these cell type-
specific circuits in mediating alcohol withdrawal
hyperalgesia.

BIOLOGICAL FACTORS IN
ALCOHOL WITHDRAWAL
HYPERALGESIA

Men and women experience, process, and report
pain differently.”*” Similarly, rodents exhibit sex
differences in baseline nociception and responses
to the antinociceptive effects of analgesic drugs.”
Under healthy and chronic pain conditions, humans
and non-human animals exhibit diffuse noxious
inhibitory control (DNIC) of pain (also called
inhibition of pain by pain) that is modulated by
sex.””’® In rats, DNIC is less efficient in females
compared with males, and the brain networks
engaged during DNIC differ in males and females.”
The above discussion of sex differences in pain
modulation by VIPAG/DR circuit projections to the
BNST is a good example of why it is critical for the
nascent alcohol-pain field to include both sexes in
all studies.

It is largely unknown how the age of onset for
chronic pain affects (1) pain-induced alterations
in the central nervous system, (2) neurobiological
mediators of the effects of pain on behavior,
and (3) the modality, intensity, and duration of
chronic pain—related behavior. For example, in
the CeA, some studies of chronic inflammatory
pain have been performed in adult mice,*? and
others have been performed in adolescent mice.”
In those studies, CeA cells were sorted and
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classified according to firing pattern (e.g., regular
spiking, fast spiking, late firing, bursting), and

the resulting cell population breakdown differed
greatly between the two studies. Thus, even

when measuring similar physiological outcomes

in vitro in the CeA of mice treated with the same
in vivo manipulation (i.e., CFA to induce chronic
inflammatory pain), results may vary. There are
several possible explanations for these discrepant
results, but one potential major contributor to
these results is the age of rodents at the time of
CFA treatment and sacrifice. In the context of
pain-alcohol relationships, age may be especially
important because (1) alcohol effects on the central
nervous system differ according to age of exposure,
and (2) human data show that the relationship
between pain severity and alcohol use begins early
in life, and that childhood trauma is associated with
increased risk of chronic pain in adulthood.””*® As
mentioned above, chronic alcohol exposure during
adolescence produces mechanical hypersensitivity
and thermal hyperalgesia that last for many

weeks following termination of alcohol exposure,
but the underlying neurobiological mediators of
these effects are unknown. As more research is
devoted to testing the neurobiological mechanisms
underlying pain-alcohol interactions, it will be
important for the field to pay close attention to sex
and age differences.

CONCLUSIONS

Neuroscience has recently turned its attention to
understanding the neurobiological mechanisms
that underlie pain-alcohol interactions. This new
research has primarily focused on the emergence
of pain-like states after chronic alcohol exposure
using animal models, but it also should focus on
alcohol use and alcohol effects in rodents with
chronic inflammatory or neuropathic pain. To
this point, work has focused largely on circuit
and molecular mediators of alcohol-related
hyperalgesia. Above, this review discusses
examples of recent work in this area, with a focus
on reciprocal projections between midbrain and
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the limbic forebrain (i.e., extended amygdala)

as well as some neurochemical mediators
(dopamine, melanocortins, and CRF) of pain-
related phenotypes after alcohol exposure. This list
undoubtedly will grow as more labs begin to work
in this area, and it will be important going forward
for the field to be mindful of sex and age (as well as
species) in study design and data analysis of pain-
alcohol interactions.
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TRANSDIAGNOSTIC FACTORS
ASSOCIATED WITH VULNERABILITY
TO ALCOHOL AND PRESCRIPTION
OprioD USE IN THE CONTEXT OF PAIN

Emily L. Zale,' Jessica M. Powers,” and Joseph W. Ditre’

'Department of Psychology, Binghamton University, Binghamton, New York
2Department of Psychology, Syracuse University, Syracuse, New York

The use of alcohol and prescription opioids is common among people in pain and poses
significant public health burdens. This review identifies factors associated with motivation to
use alcohol and prescription opioids in the context of pain. Pain-relevant, cognitive-affective,
transdiagnostic vulnerability factors—expectancies/motives, pain catastrophizing, pain-
related anxiety, distress intolerance, anxiety sensitivity, and perceived interrelations—were
selected from theoretical conceptualizations of pain and substance use. Searches conducted
in PubMed, PsycINFO, and Embase returned 25 studies that examined associations between
identified variables of interest and the use of alcohol and prescription opioids in the context
of pain. Consistent with a larger literature on pain and substance use, the studies included
in this review demonstrated that people with chronic pain are motivated to use alcohol and
opioids in response to negative affect and hold expectancies/motives for coping with pain.
Vulnerabilities that engender difficulty managing aversive internal states (distress intolerance
and anxiety sensitivity) and maladaptive responses to pain (pain-related anxiety and pain
catastrophizing) also were implicated in motivation for alcohol and opioid use. Although one
study found that pain-related anxiety was associated with co-use of alcohol and opioids, no
studies examined simultaneous use. Future research directions that can explicate causal
associations, identify patterns of alcohol and opioid co-use, clarify the role of pain in cessation
processes, and inform treatment development are discussed.
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Pain is a complex, near-universal phenomenon,
which can be conceptualized as a motivational
state that engenders goal-directed action.!
Motivational models of substance use highlight
the role of expected effects and suggest that
individuals become motivated to use substances
when such use is perceived as holding greater
value than other available objects or events.>* A
rapidly growing empirical literature indicates
that the use of substances, including alcohol
and prescription opioids, may be a risk factor in
the onset and progression of painful conditions,
and that pain is a proximal determinant of
acute substance administration and may
serve as a barrier to cessation.*® Accordingly,
an evolving reciprocal model suggests that
associations between pain and substance use are
likely bidirectional in nature, resulting in the
maintenance and worsening of both conditions
over time.* ¢ A recent critical review highlighted
emerging evidence that chronic pain frequently
co-occurs with use of alcohol and opioids, and
that co-use (i.e., use of both substances within
a given timeframe) likely contributes to opioid
overdose-related morbidity and mortality and
worse substance-related treatment outcomes.’
An important next step in this line of research
is to identify potentially modifiable cognitive-
affective factors that may underlie or exacerbate
motivation to use alcohol and prescription opioids
in the context of pain. A focus on processes
that contribute to the onset, maintenance, or
exacerbation of multiple psychiatric disorders
(i.e., “transdiagnostic” factors) can further
inform novel treatment targets and intervention
development.®?

The sections that follow begin with a brief
overview of alcohol and opioid use, acute
and chronic pain, and guiding theoretical
frameworks. The results of studies that
examined associations between pain,
selected transdiagnostic cognitive-affective
factors (derived from prominent theoretical
conceptualizations of pain—substance use
relations), and alcohol/prescription opioid use
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patterns/trajectories are then reviewed. Finally,
the relevant extant literature is discussed with an
emphasis on explicating clinical implications and
generating recommendations to help guide future
research in this emerging domain.

ALCOHOL AND
PRESCRIPTION OPIOID USE

Prevalence and Impact

Approximately 50% of American adults consume
alcohol each month,' and more than 25%
endorse hazardous drinking (i.e., patterns of

use associated with increased risk for harmful
consequences).''? Alcohol is implicated in
nearly 100,000 deaths in the United States each
year," is the third leading cause of preventable
death,' and has an annual economic impact

of more than $250 billion in lost productivity,
health care costs, and criminal justice expenses.'
Although opioid prescribing has diminished
somewhat in the wake of the opioid epidemic,
nearly 20% of all Americans received an opioid
prescription in 2017.' Nationally representative
data further indicate that more than 12 million
Americans misuse prescription opioids each year
(i.e., use without a prescription or for a reason
other than the purpose for which they were
prescribed).”” In the United States, prescription
opioids are responsible for more than 15,000
overdose deaths'® and for an economic burden

of greater than $78 billion annually.” Although
alcohol and prescription opioids have different
pharmacokinetic profiles and substance-specific
physiological/subjective effects, they may
engender overlapping effects in the central and
peripheral nervous systems, including activation
of neural circuitry involved in pleasure and
reward.?” Both substances also are implicated in
substance use disorders, which are characterized
by maladaptive physiological (i.e., tolerance

and withdrawal) and behavioral (e.g., impaired
control over use behavior, social impairment as a
result of use) consequences of use.?!
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Alcohol and Opioid Co-Use

Although definitions vary in the literature, in
the context of alcohol and opioids, co-use may
be characterized as concurrent use (i.e., within

a given period of time, such as past month or
past year) or simultaneous use (i.e., co-ingestion
at the same time or in a closely overlapping
period of time).?>?* Despite contraindications for
drinking alcohol while using prescription opioids,
emerging data suggest that the prevalence of
alcohol and opioid co-use is surprisingly high.
For example, in samples recruited from primary
care clinics, 36% of patients with a prescription
for daily use of an opioid reported consuming
alcohol in the last 30 days,* and 9% reported
drinking to intoxication on up to 5 days in the
past month.?® Another study of patients on long-
term opioid therapy found that 12% reported
drinking alcohol within 2 hours of taking their
medication.?’ Results from a community-derived
sample further indicated that individuals who
endorse prescription opioid misuse also report
using alcohol at high rates, with up to 20%
admitting to using alcohol and opioids in the
same day.”® Finally, nationally representative data
indicate that individuals in the United States who
meet diagnostic criteria for opioid use disorder
(OUD) are nearly twice as likely to also meet
criteria for alcohol use disorder (AUD), relative
to individuals without OUD.? Both alcohol and
opioids are central nervous system depressants,
and any form of co-use could lead to dangerous,
potentially fatal effects (e.g., liver damage,
respiratory depression).** Indeed, co-use of
alcohol was involved in 15% of deaths attributed
to prescription opioid overdose in 2017.3! In
addition to heightened morbidity and mortality,
a recent critical review found that co-occurring
OUD and AUD were associated with poorer
treatment outcomes for both disorders, with some
evidence that alcohol consumption may increase
during medication-assisted treatment for OUD.’
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Prevalence and Impact of Pain

Although a handful of documented cases indicate
a rare congenital inability to perceive pain,*

pain is largely thought of as a universal human
experience.” Pain is a highly prevalent public
health burden that motivates 50% of annual
physician visits in the United States,** with chronic
pain engendering an annual economic impact of
more than $600 billion in health care costs and lost
productivity.® A recent update by the International
Association for the Study of Pain defines pain as
“an unpleasant sensory and emotional experience
associated with, or resembling that associated
with, actual or potential tissue damage.”*® This
definition acknowledges that pain is a complex
biopsychosocial phenomenon that involves an
interplay of sensory-physiological, cognitive-
affective, and behavioral processes, and that

the experience of pain cannot be reduced to

the activity of sensory neurons. As such, pain
may persist beyond expected healing time or

in the absence of identified tissue damage. The
term chronic pain is typically used to describe
pain lasting for at least 3 to 6 months,*” and

is distinguished from cancer-related pain,

which differs in etiology and course.* More

than 100 million Americans have a chronic
noncancer pain diagnosis,* and recent nationally
representative data indicate that on most days,
nearly 20 million U.S. adults experience pain
that interferes with activities of daily living.*°
The experience of pain commands attention

and motivates action to avoid or limit bodily
harm, often resulting in avoidance behaviors

that can be adaptive in the short term (e.g., to
promote healing).! However, long-term cycles of
maladaptive cognitive-affective responses that
lead to persistent avoidance (e.g., worry that pain
will never end) are thought to be a predominant
cause of pain-related disability.” Indeed, chronic
pain can have significant negative effects on
quality of life and emotional well-being, including
interference in occupational functioning,
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recreational activities, relationships, self-care,
physical activities, and sleep.*?

Co-Occurring Pain and Use of Alcohol
and Opioids

The extant literature suggests that pain co-occurs
at high rates with both alcohol and opioid use,
potentially in a dose-dependent fashion.® With
regard to alcohol use, individuals with chronic
pain endorse higher rates of hazardous drinking
and are up to two times more likely than the
general population to meet criteria for AUD.5*4
Greater levels of pain severity* and functional
interference have been associated with an
increased likelihood of engaging in hazardous
drinking patterns and meeting diagnostic criteria
for AUD,* respectively. Pain also appears to be
more common among individuals who report
hazardous alcohol use: 43% of people who
experience drinking problems (e.g., adverse
consequences or life problems as a result of
drinking) and 75% of individuals with AUD have
been shown to endorse current moderate to severe
pain (vs. 18% in the general population).**~* The
co-occurrence of pain and prescription opioid use
is intuitive given that opioids are prescribed for
pain relief, though pain is also common among
individuals who report use of opioid analgesics
without a prescription.**! A review of pain and
prescription opioid misuse found that 49% to 96%
of patients seeking treatment for prescription
opioid misuse reported chronic pain, and that
82% reported pain as their reason for initiating
opioid misuse.*? This review further observed a
positive association between pain severity and
opioid misuse, such that even among patients with
chronic pain, pain ratings tended to be higher
among those who reported prescription opioid
misuse or who met criteria for OUD.
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GUIDING THEORETICAL
FRAMEWORKS

Pain Processing and

Negative Reinforcement

Pain is an inherently aversive experience that
reliably elicits negative affect and motivates
escape/avoidance behaviors.'#! Consistent with
biopsychosocial conceptualizations of pain, the
four-stage model of pain processing posits that
negative affect mediates behavioral responses to
pain.** More specifically, this model invokes both
acute negative affect (e.g., distress) that is elicited
from the immediate sensory experience as well

as extended pain affect (e.g., depression, anxiety)
that manifests in the context of chronic pain

and functional impairment. Both forms of pain-
related negative affect are considered sufficient to
motivate adaptive and/or maladaptive behavioral
efforts to cope with pain; substance use has been
identified as a commonly employed maladaptive
pain coping response;*** and efforts to modulate
affect have been implicated in pain and substance
use trajectories.*-* Negative reinforcement—the
process by which behavioral responses that are
perceived to alleviate aversive states become
more likely or increase in frequency—is a core
component of theoretical models of both pain

and substance use."* Researchers have further
hypothesized that as attempts to avoid/reduce pain
or negative affect via substance use are reinforced,
the use of substances as a primary coping strategy
may become more entrenched over time.’

Reciprocal Model of Pain and
Substance Use

In drawing upon motivation theory, negative
reinforcement frameworks, and the four-stage
model of pain processing, a leading reciprocal
model posits that pain and substance use
interrelate in the manner of a positive feedback
loop, resulting in more severe pain, greater
functional impairment, and the maintenance of
addiction.** Within this model, the substance
use—to—pain pathway acknowledges that although
substances such as alcohol and opioids can reduce
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pain in the short term, chronic substance use has
been identified as a unique risk factor in the onset
and progression of hyperalgesia (i.e., increased
sensitivity to painful stimuli) and persistently
painful conditions.**® In the pain—to—substance
use pathway, which is most germane to the
current review, pain is conceptualized as a potent
motivator of substance use. Pain severity has
consistently been associated with use of multiple
substances (e.g., nicotine/tobacco, cannabis,
alcohol),’ and human experimental research has
shown that pain and pain-related negative affect
can increase craving and motivate substance use.*' ¢
Indeed, the role of pain as a proximal antecedent
to substance use is of growing empirical

interest, as highlighted by a recently published
Catastrophizing, Anxiety, Negative Urgency, and
Expectancy (CANUE) model that emphasizes

the influence of negative affect in motivation

to self-medicate one’s pain with a variety of
addictive substances.® Thus, the reciprocal model
of pain and substance use predicts that acute pain
serves as a proximal determinant of substance
use behavior, and that via repeated exposures

and reinforcement, relations between pain and
substance use may become more robust in the
context of chronic or persistent pain.’

Use of Alcohol and Prescription Opioids
in the Context of Pain

Given the high degree of co-occurrence and
significant individual/societal costs associated
with alcohol and prescription opioid use, the goal
of this review is to explicate potentially modifiable
factors that are associated with motivation to use
and co-use alcohol and prescription opioids in the
context of pain.*** The need to examine pain as

a determinant of alcohol and prescription opioid
use is further supported by evidence that nearly
25% of patients enrolled in both pain and inpatient
substance use treatment programs have endorsed
using alcohol to cope with pain, with many

citing pain as the primary impetus for hazardous
drinking and other substance use.>¢ Similarly, a
systematic review of opioid misuse and chronic
pain found that approximately 21% to 29% of
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patients prescribed opioids for chronic pain
engage in misuse (i.c., use other than prescribed).®’
The CANUE model further suggests that people
with chronic pain may be most motivated to
self-medicate with substances when they also
hold maladaptive pain-related cognitions or are
otherwise vulnerable to impulsive behavior when
distressed.® Indeed, researchers have highlighted
several cognitive-affective transdiagnostic
constructs (e.g., expectancies, pain-related
anxiety, distress intolerance) implicated in the
development, maintenance, and exacerbation of
bidirectional relations between pain and substance

use.>*64

METHOD

Selection of Relevant Constructs

The constructs of interest in this review

were derived from theoretical frameworks of
motivation and pain—substance use relations,
with a focus on cognitive-affective constructs
that are hypothesized mechanisms of the
pain—to—substance use pathway and have

been implicated as vulnerabilities to multiple
psychiatric disorders.>*** Of particular interest
were constructs that are hypothesized causal
mediators by which the acute pain experience
may serve as a proximal determinant of substance
administration, or constructs that may function
as moderators (e.g., exacerbating or amplifying
existing determinants) or serve to make substance
use more salient or incentivized in the context of
pain. Modifiable cognitive-affective constructs
(briefly described below) were selected as the
focus because these constructs have the potential
to serve as integrated behavioral targets and to
better inform future research and intervention
development efforts.

Expectancies, Motives, and

Perceived Interrelations

For the current review, expectancies, motives,
and perceived interrelations broadly refer to the
extent to which people perceive associations
between their pain and substance use.>* Whereas
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expectancies represent beliefs about what will
happen as a result of substance use, motives
represent the desired results (i.e., self-reported
reasons and valued/desired effects) of substance
use.®® Perceived interrelations further encompass
perceptions regarding the co-occurrence and
bidirectional effects of pain and substance use.®’

Pain-Related Anxiety and

Pain Catastrophizing

Pain-related anxiety is the tendency to respond
to actual or anticipated pain with anxiety or fear,
which may motivate avoidance behaviors.”*”!
Similarly, pain catastrophizing reflects the
tendency to interpret actual or anticipated pain
in an exaggerated manner.”> The contributions
of pain-related anxiety and pain catastrophizing
to the onset and maintenance of chronic pain

are well recognized.** More recently, theoretical
models of pain and substance use have included
pain-related anxiety and pain catastrophizing as
transdiagnostic factors that are also relevant to
multiple substance-related outcomes (e.g., craving,
heaviness of use, cessation) among people with
chronic pain.>**7

Anxiety Sensitivity

Anxiety sensitivity (defined as fear of the potential
negative consequences related to anxiety-

related symptoms and sensations)’ is another
transdiagnostic factor that is likely relevant to
pain—substance use reciprocity.’ Research has
demonstrated independent, positive associations
between anxiety sensitivity and heavy/problematic
substance use’’’® and greater pain impairment/
persistence.”® There is also evidence that greater
anxiety sensitivity may contribute indirectly to

the association between pain and poorer outcomes
related to substance use and health.®

Distress Intolerance

Distress intolerance also may contribute to pain
and substance use reciprocity. Research has
consistently demonstrated positive associations
between distress intolerance (defined as the
perceived inability to tolerate negative emotional

Alcohol Research: Current Reviews

and/or other aversive states),? substance addiction,
and poorer cessation/treatment outcomes,
including drug and alcohol treatment dropout and
substance use relapse.’** There is also evidence
that levels of distress intolerance may be higher
among individuals with co-occurring pain (vs. no
pain in the past month)* and that individuals with
high distress intolerance are more likely to endorse
substance coping motives.? ¥

Search Strategy and Study Selection
Literature searches were conducted in PubMed,
PsycINFO, and Embase using the terms alcohol
drinking OR alcohol-related disorders OR
analgesics, opioid OR opioid-related disorders;
pain; and expectancies OR motives OR perceived
interrelations OR negative affect OR pain-related
anxiety OR catastrophizing OR anxiety sensitivity
OR distress intolerance. All search criteria were
limited to human species and peer-reviewed
journals published in English before December
2020. Searches yielded 124 unique records after
duplicates were removed. Given this review’s
focus on the pain—to—substance use pathway, the
authors sought to identify studies that examined
alcohol/opioid criterion variables in relation

to at least one of the selected constructs. They
included studies that utilized pain-related predictor
variables (e.g., pain intensity) or were conducted
among relevant pain populations (e.g., chronic
pain, persons living with HIV). Studies conducted
among healthy, non—treatment-seeking samples
were included only if (a) the sample was necessary
to answer a pain-related research question

(e.g., laboratory experimental pain studies that
require healthy participants), and (b) the study
included at least one other variable of interest.
Primary reasons for exclusion were (a) it was not

a behavioral study of the pain—to—substance use
pathway (81 studies) or not a relevant population
(32 studies).

RESULTS

Twenty-five studies were identified for inclusion
(see Table 1).
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Table 1 References Identified in Literature Search (N = 25), by Variable of Interest

Reference

90
91
92

93
94
95
96

73
97
98
99
100
111

91

101
96

102
103
104
112

1057
1067
781
1077
108

110

* EMA, ecological momentary assessment.
+ Studies were drawn from the same sample.

Author

Expectancies, Motives, and Perceived Interrelations

Palfai et al.

Nieto et al.

LaRowe, Maisto, & Ditre

Moskal et al.
Witkiewitz et al.
Carpenter et al.

Finan et al.

Zale et al.
Rogers et al.
Rogers et al.
Rogers et al.
LaRowe et al.

LaRowe et al.

Nieto et al.
Lee et al.
Finan et al.
Martel et al.
Arteta et al.
Martel et al.

Votaw et al.

Rogers et al.
Smit et al.

Rogers et al.
Rogers et al.

Rogers et al.

McHugh et al.
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Year

2019
2020
2021

Negative Affect

2018
2015
2019
2018

Design

Cross-sectional
Cross-sectional

Cross-sectional

Experimental
Longitudinal
EMA”

Daily Diary

Pain-Related Anxiety

2019
2018
2020
2020
2018
2020

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

Cross-sectional

Pain Catastrophizing

2020
2020
2018
2014
2016
2013
2020

Cross-sectional
Cross-sectional
EMA"
Cross-sectional
Cross-sectional
Cross-sectional

Cross-sectional

Anxiety Sensitivity

2019
2020
2019
2020
2020

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

Cross-sectional

Distress Intolerance

2014

Cross-sectional

Outcome(s)

Alcohol Use
Alcohol Use

Alcohol Use

Alcohol Use
Alcohol Use
Opioid Use
Opioid Use

Alcohol Use
Opioid Use
Opioid Use
Opioid Use
Opioid Use

Alcohol Opioid Co-Use

Alcohol Use
Opioid Use
Opioid Use
Opioid Use
Opioid Use
Opioid Use
Alcohol Use, Opioid Use

Opioid Use
Opioid Use
Opioid Use
Opioid Use
Opioid Use

Opioid Use
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Pain as a Motivator of Alcohol Use
Expectancies, motives, and perceived
interrelations

Initial qualitative and cross-sectional evidence
suggest that people with chronic pain hold unique
cognitions about how pain and alcohol use are
related. First, a qualitative study of 10 people living
with HIV who had chronic pain and reported
heavy drinking (i.e., more than four or five drinks
on one occasion or more than seven to 14 drinks
per week for women/men) provided evidence that
alcohol may be seen by people with chronic pain

as a primary means of coping with both pain and
pain-related distress.”” A theme emerged in which
alcohol was perceived by the participants to be a
“harmless alternative” to prescription opioids for
pain management. Among a sample of patients
seeking treatment for AUD (N = 128), high-
intensity pain ratings (vs. no or low-intensity pain)
were associated with a greater number of self-
reported drinks per day and higher alcohol craving,
and participants with high-intensity pain were more
likely to report normalizing motives for drinking
(i.e., “to feel normal”).” Finally, researchers
recently developed and validated the Expectancies
for Alcohol Analgesia measure, which assesses
perceived likelihood of pain relief from drinking. In
a sample of 273 people who reported chronic pain
and current alcohol use, expectancies for analgesia
were associated with reporting greater frequency
and quantity of alcohol use and identifying coping
as a motive for drinking.”

Negative affect

Consistent with the larger substance use literature
and theoretical conceptualizations of negative
affect as a primary motivator of substance

use behavior,*>%* there is experimental and
observational evidence that the experience of
pain, by eliciting negative affect, is a proximal
determinant of alcohol use. Laboratory models
of human pain utilize standardized noxious
stimuli that attempt to approximate features of
clinical pain conditions (e.g., neuropathic pain,
musculoskeletal pain), reliably elicit sensory pain
and subjective distress, and have successfully
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been used to investigate causal associations
between pain and tobacco smoking.®*¢! A recent
laboratory experiment conducted among hazardous
drinkers further provides causal evidence that

pain increases motivation to drink alcohol.”®
Specifically, participants randomized to laboratory
pain induction (vs. no pain) reported greater
negative affect, which in turn was associated with
a greater urge and intention to drink. Prospective
evidence derived from two multisite clinical trials
for AUD (in the United States and the United
Kingdom) provides further evidence that negative
affect is a determinant of drinking in the context

of pain.”* Across both samples (N = 2,125), pain
severity at the end of treatment predicted frequency
and quantity of alcohol use at long-term (9- to
12-month) follow-up. Moreover, pain predicted
increased negative affect, which mediated the effect
of pain on drinking outcomes.

Pain-related anxiety

Although several studies have implicated pain-
related anxiety in associations between pain and
other substances (e.g., tobacco, cannabis),’ the
search for this review returned only one study

that examined associations between pain-related
anxiety and alcohol use. In an online survey of
234 adults with chronic pain, pain-related anxiety
was positively associated with alcohol-related
consequences (e.g., injuries from drinking,
blackouts) and impairment in functioning due to
alcohol use (i.e., needing a drink in the morning,
inability to stop drinking once started, and failure
to fulfill obligations due to drinking).”* Moderation
analyses further revealed that associations between
pain-related anxiety and drinking were significant
among men, but not women.

Pain catastrophizing

Like pain-related anxiety, pain catastrophizing has
been widely studied in relation to tobacco smoking
and cannabis use.>** However, the authors identified
only one study that tested associations between
pain catastrophizing and alcohol use outcomes.
That study, which tested associations between pain
and alcohol consumption and motives among 128
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patients seeking AUD treatment, also examined
pain catastrophizing as a predictor variable

of all outcomes.” Results indicated that pain
catastrophizing was associated with greater alcohol
craving, AUD symptoms, and normalizing drinking
motives, regardless of pain intensity.

Pain as a Motivator of Prescription
Opioid Use

Negative affect

Initial evidence suggests that negative affect
mediates proximal associations between pain and
prescription opioid use, similar to alcohol use.
Although the search did not return any experiments
that tested causal association between pain and
opioid use in humans, prospective studies that
utilized repeated assessments provide evidence

for the effects of pain on prescription opioid use
via negative affect. First, real-time ecological
momentary assessment among 34 patients on
long-term opioid therapy for chronic pain indicated
that, over the 2-week assessment period (2,285
total observations), patients were more likely to
report opioid use during occasions of increased
pain, and they consumed higher doses when pain
was accompanied by increased negative affect.”
Similar results were observed in a daily diary study
of patients with pain due to sickle cell disease who
were prescribed opioids (N = 45). Over the 90-

day assessment period, greater levels of pain and
negative affect were individually associated with
use of opioids at higher doses during the same day,
although negative affect was not statistically tested
as a mediator.”

Pain-related anxiety

Results from several cross-sectional studies
suggest that pain-related anxiety is associated
with multiple indices of prescription opioid
misuse among people with chronic pain. First, in
an online survey of young adults (N =256) who
endorsed moderate to severe past-month pain,
greater pain-related anxiety was associated with
increased likelihood of self-reported addiction to
opioids, history of family concern about opioid
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use, past use of opioid detoxification, and more
opioid-related problems.”” Similarly, a study of 164
adults with obesity and chronic pain found that
pain-related anxiety was associated with opioid
misuse.”® In a cross-sectional survey of nearly 400
adults with chronic pain, pain-related anxiety was
identified as a statistical mediator of associations
between pain severity and opioid misuse.” Finally,
in a clinical sample of 61 smokers of tobacco
cigarettes living with HIV and recruited from an
infectious disease clinic, higher levels of pain-
related anxiety were associated with current opioid

misuse among men, but not women.!%°

Pain catastrophizing

Several studies conducted among treatment-
seeking chronic pain samples consistently
demonstrated positive associations between pain
catastrophizing and prescription opioid use. First,
among a sample of 51 patients with chronic pain,
two facets of pain catastrophizing were positively
associated with higher scores on a measure of
risk for opioid misuse.'” Specifically, rumination
(i.e., the tendency to have difficulty disengaging
from pain-related cognitions) and magnification
(i.e., the tendency to magnify perceptions of threat)
were each individually associated with risk of
opioid misuse. There was also evidence that pain
catastrophizing was associated with more frequent
cravings for opioids, regardless of pain intensity.'”
Similarly, a daily diary study revealed that people
with chronic pain maintained on opioid therapy
used higher dosages of their prescription opioids
on days in which self-reported catastrophizing
was higher, even when pain was low.”® In addition,
two cross-sectional studies conducted among
patients maintained on opioid therapy for chronic
pain demonstrated evidence of negative affect as

a statistical mediator of associations between pain
catastrophizing and opioid misuse.!%>!%4

Anxiety sensitivity

Among an online sample of 429 adults who
self-reported moderate to severe chronic pain
and prescription opioid use, anxiety sensitivity
mediated associations between greater
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pain intensity and opioid misuse and OUD
symptoms'®>1° and was associated with greater
likelihood of endorsing use of opioid medications
“to get high.””® In the same sample, models of
indirect effects indicated that negative affect

was associated with opioid misuse through
anxiety sensitivity.!”” Interestingly, when the
model was run in reverse, equal statistical
support was observed for an indirect effect of
anxiety sensitivity via negative affect, suggesting
that prescription opioid misuse may occur in

the context of a complex interplay between
negative affect and anxiety sensitivity. Finally,
data derived from an online sample of nearly

300 adults who reported chronic low back pain
indicated that anxiety sensitivity may have an
indirect effect on risk of opioid misuse through
greater coping and pain management motives for
prescription opioid use.'%®

Distress intolerance

Distress intolerance previously has been associated
with tobacco and cannabis use among people with
chronic pain and has been implicated in heavy
drinking and alcohol-related problems in healthy
populations.*'” However, only one cross-sectional
study that investigated associations between
distress intolerance and prescription opioid use was
identified. Among a sample of 39 patients at a pain
management clinic who were prescribed opioids,
greater levels of distress intolerance were associated
with greater scores on a measure of opioid misuse
risk, even after statistical analyses controlled for

pain intensity."°

Pain as a Motivator of Alcohol and
Opioid Co-Use

Although co-use of alcohol and opioids has
potentially dire health consequences, this review
identified only one study that directly examined
alcohol and prescription opioid co-use in the context
of chronic pain. In an online sample of 1,812 adults
with chronic low back pain, 12% endorsed use of
both alcohol and prescription opioids (co-use) and
3% met cut-offs for both hazardous drinking and
opioid misuse in the past month (i.e., concurrent
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use).'"! Pain-related anxiety was individually
associated with hazardous alcohol use, opioid
misuse, and likelihood of alcohol and opioid co-use.
Moreover, every 1-point increase in pain-related
anxiety was associated with a 4% increase in
likelihood of concurrent hazardous drinking and
opioid misuse. Another recently published study,
which examined polysubstance use (defined as use
of more than one substance in the month before
treatment) among a subsample of 236 people
receiving inpatient treatment for AUD or OUD who
reported chronic pain, showed that the two most
commonly reported substances were alcohol and
prescription opioids.'? Separate statistical models
further indicated that pain-related interference with
functioning was associated with a greater number
of substances used among men (but not women)
and among people with AUD (but not people with
OUD). No associations were observed between pain
catastrophizing and number of substances used.

DISCUSSION

Prior research has demonstrated that pain
motivates substance use and may contribute to
the maintenance of addiction.>*%* The purpose

of the current review was to examine modifiable
cognitive-affective factors that may be associated
with motivation to use alcohol and prescription
opioids in the context of pain. These constructs
include key mechanisms in motivational models
of both substance use and pain (negative affect,
expectancies/motives)>!'* and factors in the
reciprocal model of pain and substance abuse
(pain-related anxiety, pain catastrophizing,
distress intolerance, and anxiety sensitivity) that
may increase vulnerability to both conditions.>*¢*
Consistent with a reciprocal model of pain and
substance use, this review provides evidence

that pain is a proximal determinant of alcohol

14 and opioid use,” even among individuals
without chronic pain."* The review further
observed consistent evidence that people with
chronic pain are motivated to use alcohol and
prescription opioids in response to negative
affect®*** and maladaptive pain-related cognitions

use
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(e.g., catastrophic thinking).”'° Finally, this review
found initial evidence suggesting that difficulty
managing aversive internal states is associated
with risk for opioid misuse,"” and that people with
chronic pain hold unique motives and perceptions
about how their pain and drinking are interrelated.”
Motivational models of both pain and substance
use highlight the role of negative affect as a primary
determinant of escape/avoidance behaviors, and
negative reinforcement is likely a key mechanism
by which pain motivates and ultimately maintains
substance use.>** The current review provides some
support for this perspective, with experimental and
real-time evidence from three studies indicating
that negative affect mediates associations between
the experience of pain and acute bouts of alcohol
and prescription opioid use.”**>*¢ The authors also
reviewed three studies that provided cross-sectional
evidence of covariation between negative affect
and transdiagnostic vulnerability factors, such
that negative affect was a statistical mediator of
associations between opioid misuse and both pain
catastrophizing'®!%4 107
Initial evidence from one study further suggests
that difficulty with tolerating negative affect
(i.e., distress intolerance) is associated with opioid
misuse.""” Taken together, these findings lend
support to the notion that people may experience
greater motivation to use alcohol and prescription
opioids during heightened states of acute and
extended pain affect, and that such effects may
be amplified in the context of transdiagnostic
vulnerability factors that exacerbate (e.g., pain
catastrophizing) or diminish capacity for coping
with (e.g., distress intolerance) negative affect.

and anxiety sensitivity.

Pain-related anxiety and pain catastrophizing are
both thought to motivate maladaptive attempts to
avoid or alleviate pain."'® Consistent with evidence
that both prescription opioids and alcohol have acute
analgesic effects, the current review provides initial
evidence that people who experience chronic pain
may view drinking alcohol as a viable approach to
pain management®® or hold expectancies for pain
relief from drinking.”? The review also observed
consistent evidence across several studies that
pain-related anxiety and pain catastrophizing are
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associated with alcohol and opioid use among
people with chronic pain.**¢1°21 Maladaptive
cognitive-affective responses to pain may activate
escape/avoidance processes, leading to use of
alcohol and/or opioids. These observations are in
line with conceptual models of pain and substance
use and further support consideration of pain-
related cognitions as potentially key transdiagnostic
vulnerability factors for alcohol and opioid use.>*%
Although both alcohol and prescription opioids
present health risks when used individually, co-use
is associated with increased morbidity and mortality
and presents a significant public health threat.”
Despite the dangers of concurrent use of alcohol
and opioids, the authors found only one study that
was designed to examine co-use of these substances
in the context of pain.'"! Consistent with findings
from studies of either substance alone, pain-related
anxiety was associated with greater likelihood
of misuse of both substances concurrently in an
online sample of adults with chronic pain. One
potential explanation for this finding is that people
with higher levels of pain-related anxiety may view
concurrent use as a way to extend or supplement
analgesic effects of both substances."® Although
there is reason to suspect that alcohol-opioid co-
use also could be seen as a more potent means of
escaping/avoiding negative affect (vs. use of either
substance alone), this hypothesis is yet to be tested.

Limitations and Future Directions
Studies included in the current review consistently
yielded evidence suggesting that negative affect
and other maladaptive cognitive-affective
responses to pain and distress may cause alcohol
and prescription opioids to take on greater salience
in the context of pain. As shown in Table 1,

this review identified one experimental study

and three prospective studies that lend support
regarding temporal precedence; however, the
majority of reviewed studies were cross-sectional
in nature and thus preclude causal interpretations.
Future research would benefit from employing
experimental and prospective designs to identify
causal relationships and monitor covariation
between pain-relevant cognitive-affective
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constructs and the use or co-use of alcohol and/
or opioids over time. For example, prospective
studies may test whether maladaptive responses
to pain predict escalation of alcohol and/or opioid
use or the development of AUD and/or OUD.
Ecological momentary assessment provides

a promising avenue for assessment of alcohol

and opioid co-use in real time and should be
considered as a means of better understanding
simultaneous use. Indeed, despite the dangers of
being under the influence of alcohol and opioids at
the same time, the current review did not identify
any studies that have investigated motivation

for simultaneous use in relation to this review’s
constructs of interest. Although dichotomous
co-use status (yes/no) provides utility at this

early stage of hypothesis testing, co-use should
be assessed in greater detail (e.g., frequency,
quantity, experience of negative consequences,
and temporal proximity of alcohol and prescription
opioid ingestion). Particular attention should be
paid to identifying patterns of heavy drinking
(e.g., frequency, quantity) and prescription opioid
use (e.g., high dose, prolonged release, and once-
daily formulation) that may increase risk of
overdose or other harmful effects.’’!'” Research
in this area should include a focus on both
overlapping and distinct pharmacologic effects of
alcohol and prescription opioids.

Future research also is needed to better
understand motivation to use alcohol and
prescription opioids in the context of other
comorbidities. First, co-use of alcohol and opioids
with other substances (e.g., nicotine, cannabis)—
particularly those that increase risk for medical
consequences and public health burden—should
be examined. For example, 22% of opioid-related
overdose deaths involve co-use of alcohol, opioids,
and benzodiazepines.'® Up to 23% of chronic pain
patients prescribed opioids also hold a concurrent
prescription for a benzodiazepine,'’
opioid-related overdose death among this group
is 10 times greater than among those who hold an
opioid prescription alone.'” Anxiolytic properties
of benzodiazepines may further encourage use
as a method to escape/avoid pain and negative

and risk of
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affect. Similar considerations regarding temporal
precedence and the need for comprehensive
assessment of dynamic substance use patterns
should be applied to the study of polysubstance use
in the context of pain. This review’s transdiagnostic
approach, which focuses on vulnerability factors
implicated in a range of psychiatric conditions
(e.g., depression, post-traumatic stress disorder,
anxiety, personality disorders),'''** also highlights
the complexity and interrelatedness of pain,
substance use, and psychiatric comorbidities.
Future research should seek to identify additional
vulnerability factors that may contribute to or
exacerbate relations between pain and use or co-use
of alcohol or prescription opioids. For example,
separate literatures have shown bidirectional
relationships between sleep disturbances

(e.g., difficulty falling or staying asleep) and both
substance use'?® and pain;'? researchers should
consider a range of behavioral and psychiatric
comorbidities when studying alcohol and
prescription opioid use in the context of pain.
Finally, the majority of included studies focused on
a single construct of interest, and additional studies
should be conducted to examine interrelations

and unique contributions of the constructs
examined in this review. Indeed, several studies
examined negative affect as a statistical mediator
of associations between cognitive-affective

factors (i.e., anxiety sensitivity, catastrophizing)
and opioid use,!**1%4197 and only one study tested
associations between a cognitive-affective variable
and self-reported motives for opioid use.'"”® Future
research is needed to disentangle likely complex
and bidirectional associations between this review’s
variables of interest.

Given the central role of motives and
expectancies in motivational models of substance
use,’ the authors were surprised to find a paucity
of studies that examined expectancies and motives
using validated measures (e.g., the Alcohol
Expectancy Questionnaire'?’). Albeit limited,
data from this review are in line with the larger
literature suggesting that people with chronic pain
hold substance-related outcome expectancies for
pain relief and coping.’ Recent validation of the
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Expectancies for Alcohol Analgesia scale provides
evidence that people with chronic pain can reliably
self-report expectancies for pain relief from alcohol
and that perceived likelihood of analgesic effects
may motivate greater frequency and/or quantity of
drinking.®* In addition to coping, future research
is needed to identify other types of motives and
expectancies that may motivate substance use in
the context of pain. For example, chronic pain
often results in decreased social functioning, and
researchers have hypothesized that social drinking
motives may be particularly salient as a means

of reducing pain-related interference in social
functioning.® Similarly, as chronic pain interferes
with occupational, social, and recreational
functioning, people who have high levels of
pain-related disability often lose access to other
positive reinforcers.* A key component of incentive
motivation models involves weighing the incentive
value of substance use against other incentives
available in the environment.>'"* For people with
chronic pain, expectancies regarding the positive
reinforcing effects (e.g., to feel good or high)

may become particularly salient. Future research
should assess a range of expectancies and motives
(including and beyond coping with pain and direct
pain reduction) for alcohol, opioids, and co-use

of both substances among people with chronic
pain. Future research also would benefit from
examining the role of positive affect and positive
reinforcement processes in bidirectional alcohol
and opioid use processes.

Although only a few included studies examined
sex/gender differences, this review did observe
initial evidence that pain and pain-related constructs
may hold greater motivational salience for alcohol
and prescription opioid use among men, relative to
women. Future research should investigate reasons
why men may be more motivated to use substances
in the context of pain. For example, men and women
likely experience varying pharmacologic effects of
alcohol and opioids as a function of biological sex,'**
and it may be that men derive greater analgesia
from use or co-use of alcohol and prescription
opioids.'”” Considering gender as a biopsychosocial
construct,'? there is reason to suspect that men
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and women experience pain and substance use
differently. For example, masculine norms may
influence which pain-related behaviors are most
common or accessible to men,'*! which is consistent
with a larger literature indicating that men are more
likely than women to cope with pain and anxiety

by using externalizing strategies.’>!** Thus, future
studies that consider pharmacokinetic properties

of prescription opioids and alcohol should examine
sex as a biological variable, and research that
investigates psychosocial and behavioral constructs
should explore gender differences. Although the
findings presented in the current review may have
been drawn from cisgender samples, future research
should test associations between pain and substance
use among transgender and gender minority
populations.'**!35 Additionally, despite documented
racial/ethnic disparities in the prevalence, treatment,
and outcomes of pain-related conditions,'**!* this
review identified only one study that examined

the current constructs of interest among racial/
ethnic minorities.”” A recent review of racial and
ethnic disparities in chronic pain treatment found
that Black patients maintained on long-term opioid
medication were more closely monitored for misuse,
despite higher rates of opioid misuse and opioid-
related overdose deaths observed among Whites.
Furthermore, racial and ethnic minorities, including
Native Americans, Blacks, and Hispanics, are
disproportionately impacted by drinking, including
greater alcohol-related problems and reduced access
to treatment, compared to Whites."** Initial evidence
derived from the tobacco literature suggests there
may be important racial/ethnic differences in
associations between cognitive-affective constructs,

138

pain experience, and substance use.'** Future
research would benefit from examining disparities
as a function of social/cultural characteristics,
racial/ethnic discrimination, and economic
disadvantage, among others.

Finally, this review identified studies that
predominantly focused on motivational processes
in the context of ongoing substance use.
Additional research is needed to better understand
whether cognitive-affective and transdiagnostic
vulnerability factors are also associated with
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motivational processes in the context of substance-
related cessation, reduction, and abstinence. For
example, several constructs (e.g., pain-related
anxiety) previously were associated with relapse to
tobacco smoking among people with chronic pain.”
Although this review identified one study that
examined long-term outcomes after participation
in treatment for AUD, the authors are not aware of
any work that has directly tested these constructs in
relation to lapse/relapse trajectories for alcohol and/
or prescription opioid use. Consistent with a phase-
based approach to treating substance use,'*! research
should focus on the full spectrum of substance use
outcomes rather than on long-term cessation rates
alone. Future research also should seek to identify
the extent to which expectancies for pain relief and
cognitive-affective responses to pain may be related
to motivation to quit or reduce use or co-use of
alcohol and prescription opioids, or whether such
factors influence differential acceptance of referral
to alcohol treatment or to programs for tapering
prescription opioid use.

Clinical Implications

Although based on a relatively nascent empirical
literature, the current review highlights the
importance of assessing pain when treating
alcohol and prescription opioid use. Integrated
treatments may be especially useful for addressing
co-occurring pain and substance use because,
relative to traditional approaches (e.g., distinct
treatments for individual disorders delivered
sequentially), they can be more efficient and
cost-effective and can focus on both conditions
as treatment targets.'*> The currently reviewed
cognitive-affective constructs represent intuitive
targets for integrated treatments because of their
likely transdiagnostic role in both substance- and
pain-related processes across multiple disorders.
Indeed, substance use interventions that address
transdiagnostic vulnerabilities (e.g., anxiety
sensitivity) are well underway,'**'** and this work
should be extended to the domain of alcohol and
opioid use or co-use. Several evidence-based
techniques have been used to address maladaptive
appraisals of pain and negative affect, including

Alcohol Research: Current Reviews

14

cognitive restructuring (i.e., development of
balanced, adaptive thought patterns),'*> graded
exposure to pain and distress-eliciting stimuli
(i.e., to reduce escape/avoidance behaviors),' 147 and
coping skills training (e.g., skills to tolerate distress
and pain without substance use)."**'*" In addition,
integrated behavioral interventions may be utilized
in concert with pharmacotherapy, and several
pharmacotherapies that are commonly used for
pain management (e.g., gabapentin, bupropion) are
under investigation for their utility in the treatment
of alcohol use and misuse.””''** Future work
should consider whether there may be synergistic
benefit to including pharmacotherapy in integrated
interventions for pain and substance use.

Motivational enhancement interventions that
target treatment engagement (e.g., willingness to
accept a referral for opioid tapering) and motivation
to reduce or abstain from alcohol and opioid use
also are needed. Although interventions to increase
awareness of opioid overdose risk behaviors have
been developed,>*!% the authors are not aware of
any treatments that address alcohol and opioid co-
use in the context of pain. An integrated treatment
for alcohol and opioid use could focus on increasing
knowledge regarding adverse interrelations
between pain, alcohol, and opioids; increasing
motivation and intention to reduce hazardous
alcohol use and misuse of opioid medications;
and reducing intentions to co-use alcohol and
prescription opioid medications. Consistent with a
motivational enhancement approach, an important
intervention component would be to make an
explicit link between continued alcohol/opioid
use and poorer pain outcomes, and to highlight
pain-related benefits of cessation (i.e., clinically
meaningful improvements in pain and interference
have been documented after reducing hazardous
drinking®'>® and opioid tapering®’)."** Indeed,
recent studies derived from the tobacco literature
suggest that chronic pain patients may be motivated
to reduce their substance use once they perceive a
discrepancy between continued substance use and
desired pain outcomes.'*1¢?

Finally, personalized feedback interventions
(PFIs) are a subset of motivational interventions that
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show greater promise for treating co-occurring pain
and substance use, and can be delivered via scalable
treatment modalities (e.g., computer-delivered
interventions, smartphone applications).'' PFTs
motivate behavior change via psychoeducation and
presentation of feedback about personal behavior
(e.g., risk severity) in normative comparison to
others (e.g., from relevant sociodemographic
groups).'>!3 Parallel lines of inquiry indicate that
PFIs decrease maladaptive cognitive-affective and
behavioral responses to pain,'**'> and that they
reduce hazardous drinking as well as progression to
and maintenance of AUD.'**!*” Two recent studies
from the tobacco literature indicated that a brief,
single-session computerized PFI is sufficient to
increase knowledge of interrelationships between
pain, opioid use, and smoking'®®
intention to quit smoking."” Computerized

or smartphone-based PFIs can be integrated
efficiently with self-monitoring and momentary
assessment tools to provide immediate or same-
day personalized feedback or just-in-time adaptive
interventions (i.e., delivery of intervention content
that has been adapted based on time-varying
factors, including the state of vulnerability and
receptivity to support), and can be used to increase
treatment engagement.!*19170 These results provide
support regarding the potential of integrated PFI
interventions for pain, alcohol, and opioids.

and motivation/

CONCLUSIONS

Chronic pain and use of alcohol and prescription
opioids co-occur frequently, and pain is a potent
motivator of alcohol and opioid use. People with
chronic pain may be motivated to use alcohol
and opioids in response to negative affect or in
response to expectancies/motives for pain coping.
Transdiagnostic vulnerabilities for maladaptive
responses to pain (pain-related anxiety, pain
catastrophizing) and difficulty managing or
tolerating aversive states and negative affect
(distress intolerance, anxiety sensitivity) also
may motivate alcohol or opioid use in the context
of pain. Future research should examine the role
of transdiagnostic factors in motivating patterns
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of alcohol or opioid use or co-use over time

(e.g., escalations in frequency/quantity of use, lapse/
relapse trajectories). Integrated interventions for
alcohol and prescription opioid use that address
pain-relevant, cognitive-affective processes

(e.g., motivation for escape/avoidance of pain or
negative affect) also should be developed and tested.
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