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Abstract

Objective: Alcohol Use Disorder (AUD) and chronic pain are widespread conditions with 

extensive public health burden. This review seeks to describe neuroanatomical links and major 

mediating influences between AUD and chronic pain, in the service of identifying factors that 

predict the risk of chronic pain in precipitating or facilitating AUD.

Method: We review the neural bases of pain and the influence of AUD on processes involved in 

pain perception. We propose potential mechanisms involved in the development of chronic pain in 

AUD, and we consider implications for pain management in recovery from AUD.

Results: Pain is a multidimensional and subjective experience that in its acute form is essential 

for survival, but in chronic form, pain is a disorder that negatively impacts quality of life. Neural 

substrates involved in initiating and maintaining chronic pain include dysfunction in descending 

pain pathways and reward network circuitry. AUD involves preoccupation or craving, intoxication, 

withdrawal, and negative affect. Neural substrates of AUD involve widespread mesocorticolimbic 

and cerebro-cerebellar networks. Both conditions involve dysfunction of extended reward and 

oversight circuitry, and particularly prefrontal cortex.

Conclusions: The interrelationship between chronic pain and AUD resides in the intersection of 

etiological influences, mental experiences, and neurobiological processes. Characterization of the 

connection between brain and behavioral abnormalities in AUD’s precipitation of chronic pain — 

and vice versa — allows for early detection and treatment of patients at risk for developing either 

or both of these conditions, and for preemptive interventional approaches to reduce the risk of 

consequent vulnerabilities and harm.

Keywords

Alcohol Use Disorder; pain; mesocorticolimbic system; prefrontal cortex

Correspondence Address Marlene Oscar-Berman, Ph.D., Boston University School of Medicine, 72 E. Concord Street, L-10, Boston, 
MA 02118, (857) 364-4005, oscar@bu.edu. 

HHS Public Access
Author manuscript
Neuropsychology. Author manuscript; available in PMC 2020 September 01.

Published in final edited form as:
Neuropsychology. 2019 September ; 33(6): 795–807. doi:10.1037/neu0000558.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Approximately 15 million Americans suffer from alcohol abuse or dependence (National 

Survey on Drug Use and Health 2015 (“National survey on drug use and health - 

SAMHSA,” 2015), and an estimated 116 million American adults suffer from chronic pain 

(Egli, Koob, & Edwards, 2012; Grant et al., 2004). Bidirectional associations between 

alcohol use disorder (AUD) and chronic pain syndromes also have been reported (Apkarian, 

Bushnell, Treede, & Zubieta, 2005; Apkarian et al., 2013; Brennan, Schutte, & Moos, 2005; 

Egli et al., 2012; Zale, Maisto, & Ditre, 2015). The prevalence of AUD is increased in adult 

patients suffering from chronic pain conditions, partly due to its analgesic properties 

(Hoffmann, Olofsson, Salen, & Wickstrom, 1995), which may be heightened among 

individuals with alcohol dependence (Cutter, Maloof, Kurtz, & Jones, 1976). Egli and 

colleagues (Egli et al., 2012) have even proposed that alcohol dependence itself may stem 

from aberrant neurobiological substrates of pain, and have conceptualized alcohol 

dependence as a chronic pain disorder.

Recurrent pain is highly prevalent among treatment seeking problem drinkers (Boissoneault, 

Lewis, & Nixon, 2018; Sheu et al., 2008), and alcoholism is considered a risk factor, both 

for the development of chronic pain in patients who suffer from AUD, and for relapse in 

those attempting to remain abstinent. Alcohol misuse also is commonly reported in 

association with drug abuse. According to the National Epidemiologic Survey on Alcohol 

and Related Conditions (NESARC) (Hasin & Grant, 2015), non-medical use of prescription 

medications, including analgesics, is reported highest among patients with a history of binge 

drinking or AUD (McCabe, Cranford, & Boyd, 2006), with a positive association between 

pain and the rates of non-medical use of prescription medications (Novak, Herman-Stahl, 

Flannery, & Zimmerman, 2009). AUD patients with pain also are likely to report current 

opioid use (Witkiewitz & Vowles, 2018). But despite numerous reports on the associations 

between chronic pain and AUD, the underlying mechanisms involved in linking them remain 

elusive. AUD may share common neural pathways with chronic pain, which may facilitate 

pain affecting alcohol use patterns, or facilitate modulatory effects of alcohol on pain 

processing, thereby precipitating the risk of chronic pain development. The relationship 

between pain and AUD is multifactorial. It is influenced by a host of familial, biological, 

environmental, and socioeconomic mediators that affect drinking behavior and susceptibility 

to pain disorders.

Because pain can be a significant risk factor for relapse in those recovering from AUD, there 

is an urgent need to understand the links between AUD and development of chronic pain. As 

mainly central rather than peripheral mechanisms are thought to be involved in the 

chronification of pain, identifying structural and functional differences in the brain in 

relation to AUD is key to recognizing links between the two conditions. Herein, we begin 

with a review of the neural bases of pain, and we discuss the influence of alcohol on 

processes involved in pain perception. We then proceed by proposing some potential 

mechanisms involved in the development of chronic pain in AUD. Finally, we consider 

implications for pain management in recovery from AUD.
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Neural Bases of Pain

Pain is an essential and protective mechanism in recognizing and avoiding harmful stimuli 

and is a key to survival. According to the International Association for the Study of Pain 

definition, pain is “an unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage” (“IASP Terminology,” ; 

Merskey, Bogduk, & International Association for the Study of Pain. Task Force on 

Taxonomy. 1994). In this context, the neural processes involved in encoding painful or 

noxious stimuli are referred to as nociception, which may not necessarily be associated with 

pain sensation, but may instead be associated with behavioral, autonomic, or other 

physiological changes (Kyle & McNeil, 2014). The most common pain is nociceptive pain. 

It arises from noxious or potentially harmful mechanical, chemical, or thermal stimuli that 

activate nociceptors (sensory receptors of the somatosensory system) in the intact and 

normally functioning somatosensory nervous system around the body, and it serves to alert 

the body to possible harm. But if pain arises from damage to somatosensory nerves 

following an infection, inflammation, or the acute injury, then it is referred to as pathological 
pain or neuropathic pain. Neuropathic pain has been described a shooting pain, which can be 

constant or intermittent, as it travels along peripheral nerves; it also can involve activation of 

the immune system (Woolf, 2010). Another category of pain conditions has been referred to 

as nociplastic or algopathic pain. It involves dysfunction of the nervous system, rather than a 

direct link to actual or threatened damage to the peripheral somatosensory system that 

cannot be established. This category of pain describes conditions such as fibromyalgia and 

irritable bowel syndrome.

As a multifaceted experience that is not exclusively driven by the noxious input, pain 

involves much more than sensory activities. It also involves emotion and cognition. In fact, 

much of the complexity of pain arises from the involvement of higher centers in the brain 

rather than periphery, thereby making pain a uniquely experienced phenomenon by each 

individual and, as such, a subjective experience. Understanding how (and why) different 

regions and networks in the brain interact and interface to shape experiences of pain, and 

mapping that to neurobiological mechanisms, including structural and functional 

architecture of the brain in health and disease, have been a focus of numerous studies in the 

pain field (Apkarian et al., 2005; Davis & Moayedi, 2013; Duerden & Albanese, 2013). 

Such studies have revealed that functional activity in the primary and secondary 

somatosensory cortices are linked to the sensory-discriminative processing aspect of pain, 

such as sensing the intensity of pain or discriminating the site of pain (Bushnell et al., 1999; 

Hofbauer, Rainville, Duncan, & Bushnell, 2001). Anterior cingulate cortex, insular cortex, 

and prefrontal cortex are linked to affective-motivational processing aspects of pain, such as 

finding it to be unpleasant and bothersome even though sensory-wise it may be considered 

to have low intensity (Apkarian et al., 2005; Auvray, Myin, & Spence, 2010; Gu et al., 

2012). Attention, expectation, and reappraisal are thought to be the most important 

contributing factors for the cognitive modulation of pain (Porro et al., 2002; Wiech, Ploner, 

& Tracey, 2008). Notably, recent studies have highlighted a primary link to activity in 

prefrontal cortex (Seminowicz & Moayedi, 2017) and to prefrontal volumetric differences in 
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response to cognitive behavioral therapy in patients with chronic pain (Seminowicz et al., 

2013).

If the pain persists beyond three months (Loeser & Bonica, 2001), it is considered to be 

chronic pain. Chronic pain implicates central nervous system involvement as evidenced by 

the association between chronic pain conditions and central nervous system pain 

mechanisms such as loss of descending analgesic activity, or the presence of central 

sensitization characteristics such as allodynia (pain response to a non-noxious stimulus) or 

hyperalgesia (pain hypersensitivity or larger pain response to a noxious stimulus) (Woolf, 

2011). Chronic pain is linked to regions other than those usually associated with acute pain 

in healthy individuals (Tracey & Bushnell, 2009). Moreover, different pain conditions are 

associated with their own distinct patterns of brain-region involvement (Apkarian, 2011; 

Apkarian, Hashmi, & Baliki, 2011). Regions within the descending pain modulation system, 

as well as in prefrontal, limbic, and paralimbic brain regions, are particularly implicated in 

the pathology of chronic pain (Apkarian, 2011; Apkarian et al., 2005; Ossipov, Morimura, & 

Porreca, 2014; Seminowicz & Moayedi, 2017), and they facilitate cognitive, regulatory, 

motivational, and emotional influences on pain (Apkarian, Baliki, & Geha, 2009; Tracey & 

Bushnell, 2009).

Influences of Alcohol on Processes Involved in Pain Perception

The analgesic effects of alcohol on pain perception have been measured in a variety of ways, 

including examining pain threshold, tolerance, and pain ratings (e.g., intensity). Early 

studies on experimentally induced pain showed that alcohol intake significantly increased 

pain threshold up to 45% (Witkiewitz et al., 2015), which is consistent with current reviews 

showing lower ratings or higher thresholds of experimentally-induced pain on measures of 

intensity/discomfort and tolerance following alcohol administration (Horn-Hofmann, 

Buscher, Lautenbacher, & Wolstein, 2015; Witkiewitz et al., 2015). Regarding ratings of 

discomfort versus intensity of pain, alcohol alleviates discomfort at lower doses and to a 

greater extent than intensity, suggesting the effect of alcohol may vary across components of 

pain. In addition, pain is influenced by alcohol dose and blood alcohol concentration (BAC), 

with the magnitude of the analgesic effects increasing at higher BACs (Cutter et al., 1976; 

Gustafson & Kallmen, 1988; Horn-Hofmann et al., 2015; Stewart, Finn, & Pihl, 1995; 

Thompson, Oram, Correll, Tsermentseli, & Stubbs, 2017). Studies also have shown that 

alcohol has less of an impact on pain as the BAC drops, due to metabolism, excretion, or 

evaporation (Duarte, McNeill, Drummond, & Tiplady, 2008; Horn-Hofmann et al., 2015; 

Zacny, Camarillo, Sadeghi, & Black, 1998). In other words, the analgesic effects of alcohol 

decrease over the time since the last drink.

Although the literature shows a clear impact of alcohol on pain reduction, this picture 

becomes more complicated when looking at longer-term alcohol use among patient 

populations exhibiting pain. For example, in a study of adults reporting onset of acute lower 

back pain within the past two weeks (Klyne, Moseley, Sterling, Barbe, & Hodges, 2018), 

greater or more frequent alcohol consumption was associated with lower pain thresholds and 

insensitivity to the effects of “conditioned pain modulation” techniques (paradigms 

commonly used to assess the function of endogenous pain inhibitory pathways). 
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Additionally, alcohol dependent individuals who were abstaining also were more sensitive to 

pain than controls (Brown & Cutter, 1977). This finding was associated with changes in pain 

perception during withdrawal. Men in acute alcohol withdrawal, for example, exhibited 

increased sensitivity to pain up to two weeks after withdrawal (Jochum, Boettger, Burkhardt, 

Juckel, & Bar, 2010). These findings have been supported in nonhuman animal literature as 

well. Bergeson et al. (2016) showed that binge drinking in mice led to an increased pain 

response and sensitivity over time. Others have reported increased sensitivity to pain in rats 

during withdrawal, as indicated by a decrease in time between noxious stimulation and the 

retraction of the paw or tail from the site of the noxious stimulus (Gatch & Lal, 1999; 

Shumilla, Liron, Mochly-Rosen, Kendig, & Sweitzer, 2005).

In general, the experience of pain is related to affective processes. For example, anxiety has 

been shown to interfere with analgesic effects of alcohol on pain (Horn-Hofmann et al., 

2015), by mediating the association between alcohol use and pain: higher negative affect is 

associated positively with pain ratings and increases in the experience of pain (Witkiewitz et 

al., 2015). Additionally, while negative affect can lead to an enhanced experience of pain, 

positive affect has been shown to act as a buffer to pain, both in controls and in substance 

dependent individuals (Jochum et al., 2010; Rhudy, Dubbert, Parker, Burke, & Williams, 

2006; Wagner, Koschke, Leuf, Schlosser, & Bar, 2009). Pain perception during periods of 

heavy drinking, as well as during periods of alcohol withdrawal, has been explained in part 

by emotional state. Patients in treatment for alcohol or substance use disorders, who also 

experienced significant pain, have reported anxiety and mood impairments (Potter, Prather, 

& Weiss, 2008; Trafton, Oliva, Horst, Minkel, & Humphreys, 2004), and these individuals 

are at greater risk for suicide (Jakubczyk, Ilgen, et al., 2016).

Anxiety is one of the main comorbidities associated with AUD, and alcohol consumption is 

a primary coping mechanism in individuals suffering from anxiety (Chavarria et al., 2015). 

Even the expectation that alcohol reduces anxiety is motivation for alcohol consumption, 

independently of alcohol’s actual physiological effects (Abrams & Kushner, 2004). But 

whether alcohol consumption actually reduces anxiety is a matter of debate (Carrigan & 

Randall, 2003), and the findings from investigations on if-and-how alcohol reduces anxiety 

are for the most part inconclusive (J. P. Smith & Randall, 2012). However, In the context of 

a cognitive behavioral framework (Larimer, Palmer, & Marlatt, 1999; Morley, Eccleston, & 

Williams, 1999), out of which has come efficacious psychotherapeutic treatments for both 

alcohol abuse and anxiety disorders, drinking alcohol is considered an avoidance behavior 

that may serve to reduce anxiety in the short-term but prevent improvement, or even 

exacerbate, anxiety symptoms long-term (Kushner, Abrams, & Borchardt, 2000; Larimer et 

al., 1999). For example, feeling numb and with no anxiety when drinking heavily, often is 

followed later when experiencing a hangover and a heightened level of anxiety, which may 

then lead to more drinking. In general, the nature of the bidirectional relationship between 

AUD and anxiety is largely dependent on which came first (anxiety or alcohol abuse), or 

whether the two presented concurrently (DeMartini & Carey, 2011; Kushner et al., 2000).
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Chronic Pain and Alcohol Use Disorder

Chronic pain is characterized by pathophysiological, structural, and functional changes 

within the peripheral and central nervous systems. While alcohol can exert direct or indirect 

neurotoxic effects on nerve cells, neither the specific locations nor the processes controlling 

the damage are fully understood in relation to increased risk of chronic pain in individuals 

with AUD. If AUD-related neuropathy results in direct damage to nociceptors, patients can 

develop neuropathic pain (Chopra & Tiwari, 2012). However, AUD-related damage involves 

central, as well as peripheral nervous system circuitry, and it is the brain damage itself that is 

thought to be especially involved in the chronification of pain. In fact, as is true for AUD, 

pain is a multifactorial experience, involving complex interactions of multiple biological, 

neurological, psychological, cultural, social, and other environmental factors. Accordingly, 

each of these factors provides a substrate for modulatory effects of alcohol on pain 

experiences and vice versa. Below, we describe a number of major mediating influences of 

AUD on pain processing that may eventually lead to the development of chronic pain 

(summarized in Figure 1). It is important to note, however, that because of the etiological 

complexity of AUD — and pain — additional influences also are likely to modulate the 

interaction of the two conditions, among which are: age; temperament; education, cultural 

background and other sociodemographic characteristics; parameters of alcohol and drug use 

(amount, duration, abstinence); medical and psychiatric comorbidities; and general health 

status (Oscar-Berman et al., 2014; Zale et al., 2015).

Dysfunctional Descending Pain Pathways.

Dysfunction in descending pain modulatory circuits is thought to play an important role in 

the chronification of pain (Ossipov et al., 2014). This circuit, which controls top-down 

modulation of pain, receives inputs arising from multiple regions in the brain, including the 

hypothalamus, amygdala, and the rostral anterior cingulate cortex (Figure 2). These regions 

feed into the rostral ventromedial medulla, which includes the midline nucleus raphe and 

periaqueductal gray matter that have neural pathways to the spinal dorsal horn. Together, 

they form the descending pain modulatory system from the brain to the spinal cord and can 

modulate nociceptive processing by providing a substrate for cortical and subcortical 

structures to exert their influence.

Direct or indirect damage caused by alcohol to higher centers in the brain can affect 

descending pain pathways to the brainstem and spinal cord, which in turn, can modulate the 

activity of ascending signals and thus the pain experience (Bushnell, Ceko et al. 2013, 

Ossipov, Morimura et al. 2014). Both AUD and chronic pain are thought to involve 

dysregulation of the brain’s extended reward and oversight system and stress systems (S. 

Edwards & Koob, 2010; Koob & Le Moal, 2001; Sawyer et al., 2017), especially involving 

forebrain areas such as the prefrontal cortex (Gilpin & Koob, 2008). As noted earlier, 

disorders that alter affect such as depression and anxiety are associated prominently with 

both AUD and chronic pain. In part, this may be due to allostatic changes in the mesolimbic 

dopaminergic pathway as a result of dysregulation of the reward system and up-regulation in 

the brain stress system in both conditions (Egli et al., 2012). Such alterations may modulate 
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or exacerbate the experience of pain and also motivate alcohol-seeking behaviors (Egli et al., 

2012).

Alcohol interacts with various neurotransmitters such as gamma-aminobutyric acid (GABA), 

glutamate, dopamine, acetylcholine, and serotonin, or their receptors in the central nervous 

system, particularly within the descending pain modulatory system interfering with the 

balance between excitatory and inhibitory neurotransmitters (Valenzuela, 1997). For 

instance, while alcohol consumption initially potentiates GABA, a major inhibitory 

neurotransmitter, the number of GABA receptors declines with excessive drinking over a 

long period of time (Davies, 2003; Oscar-Berman & Marinkovic, 2003; Valenzuela, 1997). 

As another example, descending inhibition of nociceptive inputs by the midbrain 

periaqueductal gray is mediated by opioids (Ossipov, Dussor, & Porreca, 2010; Yeung, 

Yaksh, & Rudy, 1977), and there is evidence that alcohol may alter release of opioid 

peptides, as well as the binding of endogenous ligands to opioid receptors (Mendez & 

Morales-Mulia, 2008). This also may interfere with efficiency in descending pain inhibition 

at the midbrain level and precipitate development of chronic pain conditions in which 

deficiency in descending pain modulatory system is thought to be a central cause (Ossipov et 

al., 2014).

Dysregulation of the Mesocorticolimbic Reward Network.

The mesocorticolimbic reward network plays a major role in the reinforcing effects of 

alcohol, and in the modulation of pain, nociception, and analgesia. Structural and functional 

connectivity alterations within the mesocorticolimbic reward network, especially in the 

hippocampus, nucleus accumbens, ventral tegmental area, and prefrontal cortex, are thought 

to contribute significantly to the transition from acute to chronic pain (Apkarian et al., 2011; 

Baliki et al., 2012; Navratilova & Porreca, 2014), as well as in the manifestation of chronic 

pain syndromes (Mitsi & Zachariou, 2016). According to the allostatic model of addiction 

(Koob, 2013; Koob & Le Moal, 2001), progression from occasional social and/or 

recreational alcohol use to AUD is associated with distinctive neuroadaptations thought to 

emerge initially in order to neutralize the effects of the chronic influx of extracellular 

dopamine induced by persistent alcohol administration (George & Koob, 2017). In 

particular, the reward system (particularly dopaminergic neurons and receptors) undergoes 

down-regulation, whereas the stress systems (hypothalamic-pituitary-adrenal axis) undergo 

up-regulation (Brodie, Pesold, & Appel, 1999; Deehan, Hauser, Wilden, Truitt, & Rodd, 

2013; George & Koob, 2017). Evidence supporting this view has come from positron 

emission tomography (PET) neuroimaging studies showing a decrease in striatal dopamine 

release among individuals with AUD (Volkow et al., 2007). Indeed, dopamine and its 

receptors are central components of the mesolimbic reward system, and activation of 

mesolimbic dopaminergic pathways is implicated in positive reinforcement. With respect to 

pain processing, PET neuroimaging also has revealed that patients with burning mouth 

syndrome, a chronic pain condition, exhibited significantly decreased striatal dopaminergic 

activity, indicative of decreased dopaminergic inhibition or decreased sensorimotor gating of 

nociceptive information (Jaaskelainen et al., 2001).
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Both the down-regulation of reward systems and up-regulation of stress systems are 

associated with negative affective experiences that can modulate pain perception, as well as 

anxiety and depression – common comorbid disorders among patients suffering from 

chronic pain. Moreover, the extent of both types of neuroadaptations may depend upon the 

emotional profiles of individuals (George & Koob, 2017), as well as their sex, social, 

cultural, or religious beliefs (R. R. Edwards, Dworkin, Sullivan, Turk, & Wasan, 2016), in 

addition to their age and genetic makeup. Whether AUD-related down-regulation of the 

mesocorticolimbic reward network facilitates the development of chronic pain through 

dysregulation of dopaminergic inhibition is yet to be determined, but the overlap between 

the two may suggest an important link.

Cognitive Processes.

One important aspect of pain is the cognitive-evaluative dimension, which is a higher-order 

process related to expectation and anticipation. Numerous studies using postmortem 

pathological analyses of brain tissue (Harper, 2009), and in vivo magnetic resonance 

imaging have demonstrated abnormalities in the structure and activation patterns of 

prefrontal cortex in relation to cognitive deficits in AUD (Dupuy & Chanraud, 2016; Oscar-

Berman & Marinkovic, 2007; Oscar-Berman et al., 2014). In particular, damage to the 

dorsolateral prefrontal cortex is reported to be associated with cognitive deficits in AUD 

patients, and structural and functional abnormalities of dorsolateral prefrontal cortex have 

been reported in chronic pain conditions (Seminowicz & Moayedi, 2017).

Pain perception is a subjective, complex, and distributed process that involves multiple 

structures involved in sensory, emotional, and cognitive processing that interact together 

concurrently to form the perceived pain experience (Chapman, 2005). Therefore, effective 

measurement of pain perception can be challenging (Chapman, 2005; Rosier, Iadarola, & 

Coghill, 2002; Younger, McCue, & Mackey, 2009). Despite this challenge, there are a 

number of validated for assessments of pain intensity and for evaluating multiple dimensions 

of the pain experience, as well as overall functioning, that rely on subjective perceptions of 

pain apart from physiologic or neurologic measurements (Younger et al., 2009).

Impaired cognition can modulate the cognitive-evaluative dimension of pain experiences, 

both as a reinforcing factor for alcohol-seeking behavior (as alcohol is known to alleviate 

pain) and also in how pain is perceived. Additionally, physiological cues accompanying 

alcohol consumption can influence drinkers through modulating their expectancy. This may 

be the main enabling factor in developing chronic pain through reinforcement in susceptible 

individuals, and a behavioral model of chronic pain (the operant model; (Fordyce, 1976; 

Sharp, 2001)), suggests that positive and negative reinforcement of acute pain behaviors may 

lead to the development of chronic pain. It should be noted that this model does not rule out 

or ignore the role of biological factors in the development of chronic pain, but instead 

emphasizes the significance of reinforcement and learning in the development and 

maintenance of chronic pain (Gatzounis, Schrooten, Crombez, & Vlaeyen, 2012). For 

instance, it is likely that dopamine release in the mesocorticolimbic dopamine system 

(precipitated by consuming alcohol) is responsible for relief from acute pain. In turn, relief 

from acute pain can be a positive reinforcing factor for maintenance of the pain state as it 
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will lead to reward (alcohol intake and resulting dopamine release), with the alcohol itself 

acting then as a negative reinforcing factor.

Studies also have shown chronic pain itself is associated with significant cognitive deficits, 

including attention, learning and memory, psychomotor speed, information processing, and 

general executive functioning (Moriarty, McGuire, & Finn, 2011). More specifically, deficits 

have been shown in attention switching among patients with chronic pain, which has been 

attributed to pain overriding some of one’s limited attentional resources, thereby interfering 

with other attempts to direct attention (Eccleston & Crombez, 1999; Grisart & Van der 

Linden, 2001). Chronic pain patients also have shown deficits on explicit memory, 

particularly working memory, decreased reaction time, lower perceptual-motor coordination, 

and impaired executive functioning processes such as goal-directed behavior, planning, 

decision making, and evaluation of the consequences of one’s actions (Berryman et al., 

2013; Moriarty et al., 2011).

The onset of chronic pain may precede memory problems, and chronic pain has been shown 

to increase the risk of dementia in older adults (Whitlock et al., 2017). Unfortunately, the 

assessment of pain in patients who already have been diagnosed with varying types or 

combinations of types of dementia and amnesia, is especially challenging, and therefore, 

research and clinical treatment with these populations has been limited and inadequate 

(Buffum, Hutt, Chang, Craine, & Snow, 2007). Compared to healthy controls, individuals 

suffering from chronic back pain or complex regional pain syndrome have a smaller 

hippocampus, a brain structure that is involved in memory formation and consolidation 

(Mutso et al., 2012). In a mouse model of chronic pain, it was shown that production of new 

neurons in the hippocampus failed. This finding was surprising given that the hippocampus 

is a brain region in which new neurons can grow both in adult humans and in adult mice 

(Mutso et al., 2012). Recent comprehensive reviews of studies evaluating working memory 

and long-term memory in chronic pain patients reported that the patients commonly 

complained about poor memory, and that there was a moderate decline in both working 

memory and long-term memory in chronic pain patients (Berryman et al., 2013; Mazza, 

Frot, & Rey, 2018). While based on these studies, it seems reasonable to conclude that 

chronic pain causes memory problems, it is also likely that chronic pain and memory 

problems may occur in parallel due to damage in brain structures (such as hippocampus) 

shared between the two, and caused by something else, without either necessarily causing 

the other. For instance, in a longitudinal study on sub-acute back pain patients, of whom 

some recovered and the others transitioned to chronic back pain, it was found that intra-

corticolimbic connectivity within the dorsomedial prefrontal cortex-amygdala-accumbens 

circuit, as well as smaller amygdala volume, predetermined risk for chronic pain, accounting 

for 60% of the variance (Vachon-Presseau et al., 2016). The prefrontal cortex, amygdala, and 

nucleus accumbens are all essential components of the alcoholism/addiction circuitry 

(Volkow & McLellan, 2016).

Impairments in cognitive processes are particularly relevant to chronic pain patients with 

AUD, as alcohol also interferes with these processes during intoxication and, perhaps more 

importantly, can be associated with lasting impairments among individuals with AUD 

(Oscar-Berman & Marinkovic, 2007; Peterson, Rothfleisch, Zelazo, & Pihl, 1990). In 
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addition, the cognitive functions noted above are important for decision-making involved in 

alcohol consumption, self-control of alcohol use, and goal-directed behavior such as 

treatment engagement and maintenance of abstinence or recovery (Bates, Bowden, & Barry, 

2002; Field, Wiers, Christiansen, Fillmore, & Verster, 2010). Some research has suggested 

targeting such cognitive deficits in AUD treatment may have a positive impact on treatment 

outcomes (Bates, Buckman, & Nguyen, 2013). Therefore, the additive impact of pain on 

cognition may be another mechanism by which pain interferes with recovery from AUD.

Family History and Genetics.

It is estimated that 50% to 60% of the total variance in risk for AUD is accounted for by 

variation in genetic factors (Rietschel & Treutlein, 2013). Twin studies and studies of the 

offspring of individuals with AUD have shown that family history of AUD mediates the risk 

of AUD. Children of patients with AUD are at as much as four times higher risk of 

developing AUD. But controversy exists regarding whether family history is a risk factor 

through genetic mechanisms, or through environmental mechanisms (e.g., growing up in a 

household with parents with AUD), or through the interaction of genes and environment. 

Irrespective of the mechanism involved, family history of AUD is a profound risk for AUD.

Family history of AUD also influences pain experience in offspring. In one study, family 

history of AUD was associated with higher sensitivity to noxious stimulation with electric 

shocks, even in individuals who do not have a drinking problem themselves (Stewart et al., 

1995). Another study reported that family history of AUD, together with the personality trait 

of neuroticism, mediated the analgesic effect of alcohol in response to noxious thermal 

stimulation (Ralevski et al., 2010). Individuals with both a positive family history of AUD 

and high neuroticism scores showed a strong analgesic effect even at low doses of alcohol. 

Similar to AUD, neuroticism is regulated by genetic and environmental factors including 

developmental, and social, but in contrast to AUD, it can be a more dynamic and time-

varying trait that changes throughout life.

Family history of AUD also could be a mediating risk factor for comorbid affective disorders 

in pain patients. In a study on the relationship between fibromyalgia and familial history of 

depression and AUD in first-degree relatives (Katz & Kravitz, 1996), patients who had both 

fibromyalgia and depression also had higher odds of AUD in their first-degree relatives. 

Another family history study on prepubertal children suggested that the risk of prepubertal 

onset of major depressive disorder in families with a high aggregation of affective disorders 

is higher when there also is a high prevalence of AUD in the families (Puig-Antich et al., 

1989).

Gender Influences.

Differences in clinical manifestations of AUD between men and women have been 

recognized for decades (Cloninger, Sigvardsson, & Bohman, 1996; Johnson, Gruenewald, 

Treno, & Taff, 1998; Ruiz & Oscar-Berman, 2013; Ruiz & Oscar-Berman, 2015), but 

neuroscience research on abnormalities associated with AUD in conjunction with pain 

syndromes have not adequately considered gender differences. Nevertheless, a number of 

studies have suggested that women may be more prone than men to drink to self-medicate 
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for mood problems (Brady & Randall, 1999), or to drink to decrease aversive affect in 

general (perhaps pain-related), while men might drink to enhance favorable emotional states 

(Buckner, Eggleston, & Schmidt, 2006; Crutzen, Kuntsche, & Schelleman-Offermans, 2013; 

Mosher Ruiz, Oscar-Berman, Kemppainen, Valmas, & Sawyer, 2017; Ruiz & Oscar-

Berman, 2015).

When considering chronic bodily pain in community residents over age 65, Brennan and 

colleagues (2005), asked 227 current problem drinkers (161 men) and 174 nonproblem 

drinkers (86 men) to rate the amount of bodily pain they had experienced in the past month, 

and the extent to which bodily pain interfered with their normal activities, on 5- and 6-point 

scales, respectively. The investigators found that, of the problem drinkers, approximately 

43% of men and 44% of women reported experiencing moderate to severe pain, but in 

nonproblem drinkers, only 28% of men and 33% of women reported that level of pain. 

Likewise, pain interfered with daily activities ‘moderately’ to ‘extremely’ among 34% of 

men and 29% of women with drinking problems, compared to 16% and 19% of the men and 

women without drinking problems. Importantly, almost 38% of current problem drinkers 

reported using alcohol to manage pain, whereas in contrast, only 15% of nonproblem-

drinking men and 13% of nonproblem-drinking women did so. Among the problem drinkers 

who experienced moderate to severe pain, almost 57% of men and 59% of women reported 

using alcohol for pain management, compared to 21% of nonproblem-drinking men and 

women with the same level of pain.

In a more recent study characterizing the prevalence and severity of recurrent pain in at least 

11 chronic pain conditions endorsed by 451 (41% women) treatment-seeking individuals 

with AUD (Boissoneault et al., 2018), chronic pain was found to be highly prevalent (54%), 

especially among women (63% women vs. 47% men). On average, those with pain endorsed 

having more than a single chronic pain condition, and current pain severity was described as 

moderate. And in addition to women being more likely than men to report recurrent pain 

episodes and greater pain severity, women also reported having more concurrent pain 

conditions than men (mean number of 3.8 vs. 2.4). Although both men and women with pain 

indicated that pain had affected their substance use, pain tended to be more severe among 

women than men. Of note, later age and delays to first treatment were associated with pain 

presence and intensity, but more so in men than in women. The investigators suggested that 

biopsychosocial influences, such as hormones and beliefs about gender-roles regarding pain 

may underlie the higher prevalence and severity in women. According to the results of a 

study of the clinical profiles of 302 (216 men), treatment-seeking individuals with cannabis 

use disorder (Sherman et al., 2017), women reported higher pain scores, greater withdrawal 

intensity, and negative consequences of withdrawal. Women also reported poor physical 

health and drug-related medical problems. While that study is not directly relevant to AUD, 

it clearly supports the value of applying gender-specific treatment strategies to substance 

abuse in general.

Impulsivity.

One of the important risk factors for relapse to drinking and for the development of AUD 

and other substance use disorders, is impulsivity. Impulsivity is multidimensional construct 
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referring to a predisposition for individuals to react quickly in response to an internal or 

external stimulus, without consideration of the possible negative consequences (Lejuez et al., 

2010). While not a prominent trait in chronic pain patients, impulsivity may be especially 

relevant to individuals with AUD who suffer from chronic pain. These individuals would be 

in a situation that is analogous to what has been described for opioid analgesic misuse risk in 

chronic, low-back pain patients who had been prescribed opioid analgesics (Marino et al., 

2013). The experience of physical pain also has been reported to be elevated in alcohol 

dependent patients having high levels of impulsivity, with physical pain being an 

independent correlate of both subjectively reported and objectively measured levels of 

impulsivity (Jakubczyk, Brower, et al., 2016). In particular, there seems to be a role for an 

attention dimension of impulsivity that represents heightened distractibility and 

compromised cognitive control, both in AUD (Jakubczyk, Brower, et al., 2016) and in opioid 

analgesic misuse in chronic pain patients (Marino et al., 2013). In other words, a high level 

of distractibility, together with poor cognitive control, would indicate that a person has a 

more difficult time cognitively regulating pain perception, as well as lower control over 

increasing the likelihood that s/he would engage in substance use rather than attempting to 

engage in self-control behavior.

Alcohol and Pain Management: A Bidirectional Relationship

Given the analgesic effects of alcohol on pain, pervasiveness of alcohol use as a pain 

management strategy has proven to be substantial among individuals exhibiting pain. For 

example, in a study of older adult (ages 55–65) problem drinkers and healthy controls, the 

drinkers were more likely to report more severe pain, greater pain interference, and more 

frequent use of alcohol to manage pain (Brennan et al., 2005). In a recent large study (Alford 

et al., 2016), the investigators identified 589 adult primary care patients who screened 

positive for illegal drug use and misuse of prescription medications. They found that 87% of 

those who screened positive suffered from chronic pain as well. Of those, the majority 

(79%) of the individuals identified self-medication for pain as the reason for heavy alcohol 

use.

In another study conducted to characterize the prevalence and severity of significant 

recurrent pain and various chronic pain conditions in individuals with AUD, later age of first 

treatment and longer transition time from alcohol dependence to treatment were associated 

with greater pain severity (Boissoneault et al., 2018). In addition, the frequency of using 

alcohol to manage pain was predictive of drinking problems up to three years later among 

women, and of health problems and injury among men (Brennan et al., 2005). Studies of 

individuals with diagnosed AUD have shown that pain also plays a significant role in alcohol 

treatment outcomes. Reduction in physical pain during treatment for AUD has been 

associated with lower risk for relapse (Jakubczyk, Ashrafioun, et al., 2016), as well as 

frequency and quantity of drinking 12 months following treatment, despite no change in pain 

scores (Witkiewitz et al., 2015). Additionally, reduction in physical pain can improve sleep 

quality (Finan, Goodin, & Smith, 2013). Indeed, sleep complaints are highly reported in 

chronic pain disorders (Finan et al., 2013; M. T. Smith & Haythornthwaite, 2004). As sleep 

related problems may increase the risk of relapse among abstinent alcoholic Individuals 
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(Brower, 2001), improving sleep quality through reduction in physical pain can in turn, 

reduce the risk of AUD.

Because pain has a negative impact on alcohol overconsumption among individuals in 

treatment for AUD, researchers have investigated whether addressing pain within the context 

of treatment for alcohol or substance use disorders may be beneficial for drinking outcomes. 

Among patients receiving pain management cognitive behavioral therapy (CBT), lower pain 

ratings (Morley et al., 1999) and greater self-efficacy in managing pain, were seen among 

individuals in treatment for substance use disorders (Ilgen et al., 2011). This type of pain 

management treatment typically involves skills that foster acceptance of pain, physical skills 

to cope with pain, and cognitive skills such as addressing thought processes that may 

prolong and exacerbate the experience of pain (Cucciare, Sorrell, & Trafton, 2009; Morley et 

al., 1999; Vowles & McCracken, 2008). Together, research findings support the importance 

of including both pain and drinking behavior jointly in the context of treatment for AUD. 

Consideration of conjoint treatment of AUD and pain is essential, especially given the 

bidirectional relationship between the two, including the dampening effect of alcohol on 

pain perception, which may lead to drinking as a coping mechanism, and thus, poor AUD 

treatment outcomes. This point may be particularly relevant for individuals exhibiting pain 

within the context of a more severe health problem, such as HIV or sickle cell disease 

(Levenson et al., 2007; Merlin et al., 2015; Merlin et al., 2014).

Pain and Recovery from AUD

It is not surprising that research on the interrelation between pain and recovery from AUD 

has been limited, because of a definitional ambiguity related to the construct of recovery 
(The Betty Ford Institute Consensus Panel, 2007; White, 2007). In behavioral terms, 

recovery can be characterized by a reduction or elimination of the behaviors associated with 

addictive involvement, which can be represented by a continuum of changes, ranging from 

use of pharmacological adjuncts, to moderation in substance use, and to total abstinence. 

Abstinence, therefore, represents only one aspect of the recovery experience and is not 

necessarily synonymous with or equivalent to Recovery as a broad concept. In fact, the 

construct of recovery constitutes improvements among several qualitative dimensions that 

cannot be reduced to mere abstinence (Kelly, Greene, & Bergman, 2018). Abstinence does, 

however, represent a convenient metric of recovery, demonstrating in quantifiable terms the 

remission of an addictive behavior. In this context, acute withdrawal and early abstinence 

refer to the initial detoxification period, and are defined as 48–72 hours and 3–6 weeks, 

respectively. Protracted abstinence typically is defined as three months or more (Heilig, Egli, 

Crabbe, & Becker, 2010). Long-term recovery is defined as more than five years of 

continued remission.

Both early and protracted abstinence are characterized by symptoms associated with 

withdrawal syndrome, which includes intense negative affective states with awful emotional 

and somatic pain (Heilig et al., 2010). A particular type of craving emerges during early and 

protracted abstinence, termed withdrawal relief craving, as a result of the negative affective 

experiences (Verheul, van den Brink, & Geerlings, 1999), making relapse more likely during 

this early stage of recovery. This craving is hypothesized to be mediated by a decreased 
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sensitivity to reward, through down-regulation of dopaminergic neurotransmission, and a 

greater sensitivity to stress or pain, through the up-regulation of the hypothalamus-pituitary 

axis (Koob, 2013).

Not only does early and protracted abstinence induce a type of pain characteristic of early 

recovery, but it also has the tendency to exacerbate dysregulated nociception (Egli et al., 

2012). In cases where pain among AUD individuals results from a comorbid condition (e.g., 

cancer, neuralgia, fibromyalgia), abstinence of any duration can reveal the presence and 

intensity of pain that was previously being masked by the analgesic effects of alcohol. This 

dynamic can present unique challenges for recovering individuals suffering from acute 

and/or chronic pain, as well as for the physicians responsible for treating both conditions.

A common pattern of recovery is for the affected individual to become abstinent from his or 

her primary drug of addiction (e.g., alcohol), while use or misuse of a secondary or tertiary 

drug (e.g., nicotine, cannabis, opiates) may be initiated, continued, or escalated (White & 

Kurtz, 2006). This dynamic may be due in part to the fact that use of alternative substances 

may help the individual cope with the negative experiences associated with withdrawal from 

his or her primary substance of misuse. When affected individuals also suffer from acute or 

chronic pain, use of an alternative substance may provide additional analgesic benefit and 

therefore, may serve some therapeutic purpose. This scenario however, represents an 

increased risk for the individual to become re-addicted to an alternative substance.

Physicians responsible for treating pain in patients with co-occurring AUD may be reluctant 

to prescribe opiate medications, known to be associated with the potential for addiction 

(Markowitz, Francis, & Gonzales-Nolas, 2010). Alternatively, such patients may also be 

reluctant to take medication with a potential for addiction, even when prescribed, for fear of 

becoming re-involved in the addictive cycle, or for fear of jeopardizing the work they have 

put into sustaining their own recovery (Weaver & Schnoll, 2002). For this reason, patients in 

recovery from AUD, requiring pain management, should first be tried on non-

pharmacological therapies (e.g., heat, ice, physical therapy, chiropractic, and massage 

therapy) (Markowitz et al., 2010).

Finally, management of chronic pain in AUD patients cannot be optimized without 

considering the reciprocal risks and benefits of the treatment choices on exacerbating 

drinking patterns or increasing the risk of relapse. Opioids in particular may not be 

appropriate for managing pain in individuals with AUD, as they probably engage the same 

brain reward pathways as in AUD. Indeed, there is evidence for the involvement of the 

endogenous cannabinoid system in the pharmacological and behavioral effects of alcohol 

(Perra et al., 2005). However, gabapentin, a GABA analogue anticonvulsant medication that 

also is used to treat pain, has been shown to have the benefit of reducing cravings and to 

significantly delay relapse in individuals with AUD (Brower et al., 2008). By contrast, in a 

review of the risks and benefits of different approaches to the pharmacological management 

of chronic pain in patients with AUD (Murphy et al., 2015), the authors recommended that 

nonopioid medications be given priority, because they may offer a more favorable risk 

profile, as well as additional benefits, such as improvement in anxiety, depression, or 

insomnia.
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Conclusions

Chronic pain syndromes have the propensity to initiate alcohol abuse, or to trigger relapse in 

individuals who have attained abstinence. Similarly, AUD-related brain changes can 

precipitate chronic pain. Therefore, for early detection and treatment of patients at risk for 

developing chronic pain conditions, and for preemptive interventional approaches to reduce 

the risk of consequent AUD, it is essential to characterize the interrelatedness of pain related 

functional and structural abnormalities associated with AUD. This can be achieved by 

understanding neural links between AUD and chronic pain, and ultimately identifying 

markers that predict the risk of development of both conditions. Since central neural 

mechanisms are thought to play a key role in the chronification of pain, identifying structural 

and functional abnormalities in the brain in relation to AUD is vital for recognizing links 

between AUD and chronic pain. AUD mediated changes in descending pain pathways, the 

mesocorticolimbic reward network, and particularly prefrontal cortex, may be involved in 

the initiation and maintenance of chronic pain states in AUD. Characterization of brain 

deficits in AUD precipitating chronic pain allows for early detection of AUD patients at risk 

for developing chronic pain conditions, and for preemptive interventional approaches to 

reduce the risk of consequent alcohol abuse.
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Public Significance Statement

Chronic pain syndromes have the propensity to trigger the risk of initiating alcohol abuse, 

or triggering relapse in individuals who had attained abstinence. Similarly, alcoholism-

related brain changes can precipitate chronic pain. Characterization of the 

interrelatedness of alcoholism and pain allows for early detection and treatment of 

patients at risk for developing chronic pain conditions, and for preemptive interventional 

approaches to reduce the risk of consequent alcohol abuse.
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Figure 1. 
Major influences underlying the development of chronic pain in Alcohol Use Disorder. 

Alcohol Use Disorder and pain are complex conditions having multiple additional 

etiological impacts reviewed elsewhere (Oscar-Berman et al., 2014; Zale et al., 2015).
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Figure 2. 
Overlap between pain and alcoholism neurocircuitry. Brain regions and pathways involved 

in the experience of pain are distributed throughout the brain. Gray arrows show afferent 

pain pathways that carry the nociceptive information from the spinal cord to the brain, and 

the red dotted arrows show the descending modulatory pathways connecting the regions 

involved in such processes (adapted from Bushnell et al., (Bushnell, Ceko, & Low, 2013)). 

Regions highlighted in green, purple, and red, represent overlaps with regions implicated in 

the three stages of development and maintenance of Alcohol Use Disorder (AUD) that 

include a binge intoxication stage, a withdrawal-negative-affect stage, and a stage of 

preoccupation-anticipation (based on a model by Koob and Volkow, (Koob & Volkow, 

2010)). Particularly, changes in prefrontal cortex (PFC), anterior cingulate cortex (ACC), 

and insula are consistently reported in the brains of patients with chronic pain. These regions 

control descending pain pathways, which may undergo neuroplasticity changes associated 
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with AUD. In chronic pain patients, changes in these regions include structural 

abnormalities in the gray matter and in white matter pathways connecting to these regions, 

as well as chemical and receptor level changes. It is likely that similar changes mediated 

through alcohol abuse could increase the susceptibility to chronic pain in AUD patients. 

Abbreviations: PFC – prefrontal cortex; AMY – amygdala; ACC – anterior cingulate cortex; 

S1 – primary somatosensory cortex; S2 – secondary somatosensory cortex; SPL – superior 

parietal lobe; BG – basal ganglia; PAG – periaqueductal grey; PB – parabrachial nucleus; 

RVM – rostroventral medulla.
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