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Abstract

Alcohol is one of the most widely consumed psychoactive drugs globally. Hazardous drinking, 

defined by level of quantity and frequency of consumption, is associated with acute and chronic 

morbidity. Alcohol use disorders (AUDs) are psychiatric syndromes characterized by impaired 

control over drinking and other symptoms. Contemporary etiological perspectives on AUDs 

apply a biopsychosocial framework that emphasizes the interplay of genetics, neurobiology, 

psychology, and an individual’s social and societal context. There is strong evidence that AUDs 

are genetically influenced, but with a complex polygenic architecture. Likewise, there is robust 

evidence for environmental influences, such as adverse childhood exposures and maladaptive 

developmental trajectories. Well-established biological and psychological determinants of AUDs 

include neuroadaptive changes following persistent use, differences in brain structure and 

function, and motivational determinants including overvaluation of alcohol reinforcement, acute 

effects of environmental triggers and stress, elevations in multiple facets of impulsivity, and 

lack of alternative reinforcers. Social factors include bidirectional roles of social networks 

and sociocultural influences, such as public health control strategies and social determinants 

of health. An array of evidence-based approaches for reducing alcohol harms are available, 

including screening, pharmacotherapies, psychological interventions, and policy strategies, but are 

substantially underused. Priorities for the field include translating advances in basic biobehavioral 

research into novel clinical applications and, in turn, promoting widespread implementation of 

evidence-based clinical approaches in practice and healthcare systems.

ToC blurb

Hazardous drinking and alcohol use disorder are associated with substantial harms to both 

the individual and others. This Primer discusses the epidemiology, mechanisms, diagnosis and 

management of these disorders. Moreover, this Primer summarizes screening, prevention and the 

quality of life issues faced by individuals with these disorders.

MacKillop et al. Page 2

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Human consumption of alcohol (ethanol) predates recorded history and is theorized to have 

adaptive evolutionary significance1,2. In modern life, alcohol is one of the most widely 

consumed psychoactive drugs, globally. More than 80% of adults report lifetime alcohol use 

in most high-income countries, with more variable rates in low-income and middle-income 

countries, and at least annual alcohol use is reported by the majority of adults in Europe 

(59.9%), the Americas (54.1%) and the Western Pacific (53.8%)3. Around 2.3 billion adults 

drink alcohol at least annually globally3. Alcohol has strong symbolic and cultural meaning 

and is used to enhance social events, improve gustation, signify accomplishments and 

celebrate special occasions. However, alcohol use is also associated with many harms. 

Acutely, alcohol consumption can lead to injury from accidents, aggression and violence, 

and, at high doses, can cause death. Chronic regular alcohol use contributes to alcohol use 

disorders (AUDs) and other psychiatric disorders, increases risk of other medical conditions, 

including cancers, and is a teratogen during pregnancy. These harms constitute a major 

public health problem, a massive economic burden, and a vast human toll.

Understanding the harmful effects of alcohol is complicated by differences in definitions and 

medical classification (Box 1). The definitions of a standard unit of alcohol and hazardous 

drinking differ between countries4. Moreover, the 5th edition of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5) and the 11th revision of the International 

Classification of Diseases (ICD-11) have substantively different categories for defining 

clinically meaningful alcohol involvement. The DSM-5 has one diagnosis (i.e., alcohol use 

disorder (AUD)) with three levels of severity, whereas the ICD-11 has two diagnoses with 

escalating severity (i.e., harmful pattern of use of alcohol followed by alcohol dependence) 

and also subclinical designation of hazardous alcohol use that denotes a risk factor that 

has not reached the point of having caused harms to the person or others. Fundamentally, 

however, these clinical diagnoses reflect an inability to regulate alcohol consumption, and, 

although not formally designated as such, the more severe manifestations (severe AUD in 

DSM-5, alcohol dependence in ICD-11) are often considered the clinical equivalent of the 

colloquial term alcoholism. 5,67,8

Given these definitional differences, this Primer primarily uses two terms for clarity. First, 

the term hazardous drinking is used to refer to drinking behavior (such as per episode, daily 

or weekly) that reflect meaningful increases in risk of negative alcohol-related outcomes 

(acute or chronic), but not necessarily the presence of those outcomes (an individual 

may routinely engage in hazardous drinking but not experience the outcome for which 

there are elevated risks.) Second, the term AUDs is used to refer to clusters of clinically 

important signs and symptoms that produce harm or distress from alcohol involvement that 

is currently present in individuals, including the diagnoses in both nosological systems. 

Finer terminological gradations can be made9, but would be unwieldy for a Primer and 

these distinctions based on consumption patterns and clinical diagnosis are the most widely 

used in the field. Finally, AUDs have historically been highly stigmatized conditions 5,6 

and this Primer follows recent terminology recommendations7,8, particularly emphasizing 

person-first language (e.g., individuals with AUDs).
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In terms of foci, this Primer provides a concise overview of the global epidemiology, 

a contemporary biopsychosocial etiological perspective, and evidence-based practices in 

screening, assessment, and clinical management of AUDs. In addition, the Primer discusses 

quality of life, outlook, and future priorities.

EPIDEMIOLOGY

Global and regional prevalence

Alcohol consumption at the population level varies substantially globally, with the lowest 

reported consumption in the Middle East and the highest in Europe (Fig. 1). Hazardous 

drinking, defined using the WHO criteria for heavy episodic drinking (Box 1), is relatively 

prevalent among those who consume alcohol in all regions, with an overall prevalence of 

39.5% (range = 10.4%−50.2%)3.

Around 1 in 20 adults (≥15 years) had an AUD, globally, with a slightly higher prevalence 

of ICD-11 harmful use over alcohol dependence (Fig. 13). The highest prevalence of AUDs 

(both harmful use and alcohol dependence) was in the WHO European Region, followed 

by the Americas3. Notable sex differences are present, with alcohol per capita consumption 

being 2.8 times larger for males than females and hazardous drinking being 2.5 time higher 

globally. Indeed, females exhibit lower alcohol involvement on all indicators3. For clinical 

diagnoses, AUDs are more common in males than in females in all parts of the world (with 

an overall prevalence about 4-5 times higher in men 3), but with evidence of a closing of the 

male-female gap over time.10,11

Although the overall rate of drinking is not notably different in young people compared 

to adults, hazardous drinking is particularly prevalent in Europe, in certain high-income 

countries, such as the USA, Canada, Australia, and New Zealand, and in certain South 

American countries such as Argentina and Chile3. Age patterns vary considerably by region. 

In North America, the highest prevalence of AUDs is in young adults 12 (18-29 years of 

age), sometimes referred to as emerging adults. 12 By contrast, the highest prevalence of 

AUDs is in older age groups in other parts of the world. For example, in Thailand, the 

highest prevalence of AUDs is among individuals 30-39 years-old13; in Finland, the highest 

prevalence is among individuals 30-44 years 14 and, in Russia, the highest prevalence is 

among individuals 45-59 years15.16.

Medical consequences of AUDs

Alcohol is implicated in a wide variety of adverse medical outcomes (Fig. 2). In 2016, 

alcohol use was implicated in eight major disease categories 3 encompassing both acute and 

chronic effects, and reflecting a loss 133 million disability-adjusted life-years (Fig. 2).

Psychiatric disorders.—Alcohol use may contribute to a number of psychiatric 

disorders, indicated by the inclusion of alcohol-induced psychotic, mood and anxiety 

disorders in ICD-11. 16 In addition to disorders defined as alcohol-induced, AUDs are 

often comorbid with other substance use disorders and may be comorbid with mood 

disorders, anxiety disorders, borderline personality disorder and antisocial personality 

disorder.12,17 For psychiatric disorders with marked associations with AUDs, causality is 
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generally thought to be bi-directional or may be based on shared vulnerabilities.18 However, 

developmental investigations indicate that hazardous drinking and AUDs are preceded by 

externalizing disorders, such as conduct disorder and attention deficit hyperactivity disorder, 

in childhood19. Furthermore, there is evidence that these precursors are an expression of an 

individual’s genetic liability for alcohol outcomes.20-23

Acute medical consequences.—Unintentional and intentional injuries, such as car 

accidents and falls, to both alcohol users and other individuals are among the major 

consequences of alcohol use. The relationship between all types of injury and alcohol use 

is dose-dependent24 owing to the dose-dependent effect of blood-alcohol concentration on 

psychomotor coordination and reaction time, an effect that starts at low levels of alcohol 

consumption.25

Infectious diseases.—Alcohol use, particularly heavy use, is also linked to incidence and 

course of various infectious diseases, including lower respiratory infections, HIV/AIDS and 

other sexually transmitted infections and tuberculosis.20 The main underlying mechanisms 

of these associations includes weakening of the innate and acquired immune systems and 

maladaptive decision-making during intoxication.26

Chronic diseases and cancer.—Chronic medical risks of alcohol use include 

gastrointestinal disease, cardiovascular disease, and cancer. 27 Alcohol-attributable 

gastrointestinal disease includes liver disease (mainly cirrhosis) and pancreatitis, and is 

mainly linked to heavy drinking over time.28 Of note, moderate drinking can also aggravate 

existing liver disease with severe consequences.28 Alcohol is implicated in approximately 

half of liver cirrhosis (citation 3) and it is the alcohol-attributable disease category with 

the highest number of premature deaths.5 For cardiovascular disease, heavy drinking, both 

intermittent and chronic, has also been linked to hypertension, stroke and heart disease 

(including alcoholic cardiomyopathy).7 Regarding cancer, alcohol is a well-established 

Group 1 carcinogen, the highest level of causality (i.e., carcinogenic to humans), and 

increases risk of cancers of the liver, mouth, throat (pharynx and larynx), oesophagus, 

bowel and female breast in a dose-dependent manner without a lower threshold of no 

risk.29,30Indeed, all disease risk curves are dose-dependent, albeit with different dose-

response relationships.24 31 .

Neurological diseases and brain damage.—Among individuals with AUDs, 

malnutrition can lead to thiamine (vitamin B1) deficiency leading to neurological conditions 

of Wernicke encephalopathy (WE) and Korsakoff syndrome (KS) 32. The former refers 

to a time-limited syndrome comprising mental confusion, gait disturbance, and abnormal 

eye movements, although all domains may not be present concurrently, whereas the latter 

refers to a long-term syndrome characterized by anterograde amnesia (i.e., inability to 

encode new memories). Untreated with thiamine supplementation, ~80% of cases of WE 

progress to KS. Other neurological sequelae of AUDs include Marchiafava–Bignami disease 

and central pontine myelinolysis 32, both of which reflect damage to neural myelination. 

More generally, AUDs are well established to accelerated brain aging, including ventricular 

enlargement and global cortical shrinkage 33,34 and heavy drinking is also an important risk 
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factor for dementia 35 but these findings are relatively recent so are not included in Fig. 

2. Alcohol has high teratogenicity and can cause fetal alcohol spectrum disorders (FASD), 

which are one of the most prevalent neurodevelopmental disorders36.

Other medical consequences.—35Other negative consequences include interactions of 

alcohol with commonly used medications, which can limit the therapeutic effects or increase 

risk of potentially serious adverse effects.37 36

Harm to others and economic burden

Drinking alcohol can also cause harm to other individuals, such as partners, families, 

the community and society in general. A survey of harm in nine high-income and low 

and middle-income countries found the prevalence of any harm or tangible harm from 

others’ drinking varied across countries, ranging between 19.4% and 61.3%38 . Women 

were relatively more likely to experience harms from family members who drink alcohol 

compared to others (such as friends, co-workers or strangers), whereas men were more 

likely to experience harm from friends and co-workers than family members. Younger 

people were more likely to report experiencing harms than older persons. Respondents 

who themselves reported hazardous drinking tend to experience more harms from others’ 

drinking compared with those who did not report hazardous drinking.39 Of note, using 

multicriteria decision analysis, an expert panel has identified alcohol as the most harmful 

psychoactive drug, partly due to its substantial adverse effects on both the drinker and those 

in their orbit. 40

In terms of economic burden, one systematic review and modelling study estimated the 

annual alcohol-attributable costs per adult added up to, on average, 2.6% of a country’s 

Gross Domestic Product (GDP), primarily in lost productivity costs (61.2%) .41 In practical 

terms, this reflected an average of 1306 international dollars [Int$] per person. 41

MECHANISMS/PATHOPHYSIOLOGY

Vulnerability for AUDs is highly multifactorial, including distal influences that start at 

conception and proximal biological, psychological and social environmental influences. 

Indeed, a contemporary etiological perspective emphasizes an integrative biopsychosocial 

framework for understanding risk and protection for AUDs.

Distal factors

Genetic factors.—Differences in risk for AUDs are partially due to genetic differences 

among individuals. Early adoption studies found a higher risk of AUDs among adoptees 

with a positive biological family history of AUDs42,43 and twin studies found a higher 

concordance for AUDs in monozygotic (identical) twins compared with dizygotic (fraternal) 

twins44,45. Across studies, the heritability of developing AUDs is estimated as 40-60%, 

.45 Genetic factors have also been implicated in the pathophysiology of other substance 

use and psychiatric disorders, and these disorders have varying degrees of shared genetic 

risk with AUD.46-49 Importantly, it is increasingly clear that the genetic liability for 

AUDs overlaps with liability for substance use disorders more generally and externalizing 
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psychopathology.20-23 In other words, genetic contributions to drinking phenotypes are 

commonly understood to comprise both alcohol-specific components that pertain to the drug 

itself and alcohol-nonspecific components that pertain to features that are common across 

conditions associated with overconsumption and undercontrol.

More recent studies have aimed to identify specific genetic variants that confer risk of 

AUDs and the underlying mechanisms50. One example is that of alcohol flushing syndrome, 

in which alcohol produces an unpleasant reddening of the face and chest, dizziness, 

nausea and rapid heart rate. Flushing syndrome is inherited in a semi-dominant manner 

and is caused by a guanine (G) to adenine (A) substitution (SNP rs671) in ALDH2 
(encoding aldehyde dehydrogenase, a critical enzyme for alcohol metabolism). This variant 

decreases enzymatic activity and leads to acetaldehyde accumulation 51 (Fig. 3) and flushing 

syndrome. The prevalence of individuals carrying at least one A allele is 28-45% in people 

of East Asian ancestry52 but it is rare in other ancestry groups. Individuals susceptible 

to flushing syndrome often avoid consuming alcohol and are therefore strongly protected 

from developing AUDs,51 however, social pressure to consume alcohol can at least partially 

overcome this protective effect.53 Individuals who are susceptible to flushing syndrome 

should be counseled to avoid alcohol because they have an increased risk for alcohol-

induced esophageal cancer, putatively due to excess acetaldehyde accumulation, although 

the causal relationship has not been demonstrated.54

A polymorphism (rs1229984) of ADH1B can also influence drinking and AUD risk. In 

this case, the A allele causes faster metabolism of ethanol into acetaldehyde (Fig. 3) and 

is associated with decreased drinking and protection from AUDs51. Similar to rs671 of 

ALDH2, the protective allele of ADH1B is most prevalent in individuals of Asian ancestry, 

but is found in other groups at lower frequencies51. Of note, ADH1B variants do not cause 

alcohol flushing syndrome, putatively because the acetaldehyde buildup is less substantial 

than the protective allele of ALDH2. Of note, although these are the most robustly 

associated, other ADH and ALDH variants have been implicated in hazardous drinking 

and risk for AUDs.55 Genetically-influenced differences in alcohol pharmacodynamics may 

also contribute to AUD susceptibility 56-59. The functional mechanisms remain incompletely 

understood but are speculated to involve lower sensitivity to the unpleasant sedative and 

ataxic effects of alcohol and greater sensitivity to the pleasurable stimulant effects of 

alcohol58,60-62.

Genome wide association studies (GWAS)63 for AUDs have identified large numbers of 

variants that individually have small effects but collectively have a substantive effect on the 

risk of AUDs. These studies vary in terms of the type of alcohol phenotype examined (such 

as self-reported consumption or clinical diagnosis of AUD) and the screening instruments 

used (such as the Alcohol Use Disorder Identification Test (AUDIT) or clinical diagnoses of 

AUD). The largest alcohol-related GWAS evaluated drinks per week in 941,280 individuals 

and identified 99 independent loci54. With regard to AUDs, a transancestral GWAS of 

14,904 individuals with AUD and 37,944 controls found only the previously mentioned 

rs1229984 SNP in ADH1B64. Another large GWAS of 274,424 mostly male individuals 

from the Million Veterans Project identified associations between 5 loci and AUD in 

addition to 13 loci and a measure of alcohol consumption 65. A meta-analysis integrated 
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hazardous drinking and AUD to reach a sample size of 435,563, leading to the identification 

of 29 loci66. Of not, all these studies replicated the associations between rs1229984 and 

alcohol consumption. Although the etiological significance of most other implicated variants 

is unclear, some results suggest that genetic risk factors for high alcohol consumption are at 

least partially different from those that mediate the risk for developing AUD67-69. In other 

words, consistent with the heterogeneity of human alcohol phenotypes, meaningful variation 

is present in the genetic correlates of different alcohol indicators.70

Limitations of contemporary alcohol-related GWASs are sample size (even with much larger 

numbers than early studies), the use of low-resolution cross-sectional phenotypes, and that 

identified loci account for very small amounts of phenotypic variability. Another limitation 

of these studies are the over-reliance of individual of European ancestry and future studies 

are needed to better explore other ancestry groups, which are expected to harbor different 

risk variants. Finally, it is notable that independent variant influences are only one piece of 

the puzzle when it comes to genetic influences on alcohol outcomes. There is evidence that 

gene-environment correlation and interaction are also implicated,71 albeit without definitive 

relationships ascertained at this point.

Environmental risk factors.—Environmental and developmental risk factors also confer 

risk for hazardous drinking and AUDs, although the potential for confounding with genetic 

risk or gene × environment interactions should be noted. Environmental risk starts in utero, 

whereby prenatal alcohol exposure is a substantial risk factor for future hazardous drinking 

and other behavioral problems.72 During childhood, several environmental exposures 

and pre-morbid conditions similarly increase risk. For example, exposure to childhood 

adversity (such as abuse, neglect or family dysfunction) is a significant risk factor for 

AUDs73-7576. Furthermore, exposure to adverse childhood events is associated with prenatal 

alcohol exposure, with potentially synergistic effects.77 Teasing out familial confounding 

is challenging in understanding the link between childhood adversity and substance 

use disorders in general, but one study that incorporated numerous confounders found 

that maltreatment conferred a threefold increase in risk of substance use disorders.75 

Importantly, genetic and environmental risk factors for AUDs may interact. For example, 

there is evidence of genetic influences on fetal vulnerability to prenatal alcohol exposure,78 

highlighting the complex interplay between nature and nurture.

Other parental behaviors, such as more frequent drinking or providing alcohol to children 

are also well-established risk factors.79,80 However, parenting can also have a protective 

role. Specifically, authoritative parenting style is protective 81,82, but hostile or harsh 

parenting style are risk factors for drinking 83-85. Other protective factors include parent-

child connectedness and parental support 81,82. These findings generally pertain to drinking 

outcomes rather risk for AUDs per se and causality is unclear due methodological challenges 

and possible confounding. Some premorbid psychiatric conditions can increase risk of 

hazardous drinking, namely externalizing symptoms86 (such as disinhibition, inattention and 

antisociality) and internalizing symptoms87 (such as depression, anxiety and fearfulness). 

However, these symptoms may be related to adverse exposures during childhood; for 

example, prenatal alcohol exposure is also linked to the subsequent development of 

psychiatric symptoms.88
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Several features of drinking during the teenage years and emerging adulthood (typically 

defined as age 18-25) forecast future risk of hazardous drinking and AUDs. During this 

wide but critical alcohol-related developmental period, most individuals have their first 

drink89 and the lifetime prevalence of hazardous drinking and AUD peak.90 Furthermore, 

by the end of emerging adulthood, hazardous drinkers and individuals with AUDs typically 

substantially reduce drinking, reflecting an ‘aging out’ trajectory.91 Although an earlier age 

of drinking initiation was initially considered a risk factor for hazardous drinking and AUDs, 

supporting evidence is inconsistent92 and earlier onset drinking may be better understood a 

behavioral marker of increased genetic risk 93. The severity of hazardous drinking during 

young adulthood is a predictor of future AUDs and other long-term drinking outcomes, 

and can interfere with attaining important psychosocial endpoints, such as educational, 

vocational and interpersonal outcomes.94-96 Reciprocally, ‘aging out’ of hazardous drinking 

is predicted by psychosocial role transitions in work, marriage and parenthood.97-99 Thus, 

the extent to which young adult drinking disrupts salutary psychosocial development in 

terms of adult roles is a risk factor for longstanding challenges with alcohol.

Proximal Factors

Biological determinants.—Alcohol differs from other addictive substances because it 

does not have a unique high-affinity molecular target in the nervous system. As such, doses 

of ethanol for humans are typically measured in grams, unlike most other drugs which are 

measured in mg or μg.

At intoxicating levels, alcohol affects several biological pathways, with effects that vary 

between individuals and across the lifespan. The initial mechanisms of action of alcohol 

are not fully understood but proteins are believed to be the primary targets. Among ligand 

gated ion channels, glutamatergic and γ-aminobutyric acid (GABA)ergic receptors directly 

mediate alcohol effects that, collectively, result in central nervous system (CNS) depression. 

Specifically, alcohol acutely dampens glutamatergic transmission by reducing calcium ion 

movement through N-methyl-D-aspartate (NMDA) receptors100,101. Alcohol also directly 

potentiates GABAergic transmission, by increasing the chloride movement through GABA-

A receptors, and probably also by increasing presynaptic GABA release102, actions that 

are putatively responsible for the subjective anxiolytic effects of alcohol. With chronic 

alcohol use, both glutamatergic and GABAergic effects show marked tolerance100,101. Once 

tolerance develops, cessation of alcohol intake results in a rebound of both glutamatergic 

and GABAergic effects, causing a global CNS hyperexcitability that underlies acute clinical 

alcohol withdrawal manifestations and contributes to long term changes in brain function103. 

Over time, cycles of a hyperglutamatergic state promote wide-ranging and persistent long-

term adaptations of neuronal function, through mechanisms that are not fully understood but 

include both neurotoxic insult and epigenetic dysregulation of key brain circuits103,104. For 

instance, meta-analysis of structural MRI data has shown gray matter losses in the prefrontal 

cortex, dorsal striatum and insula, 105 believed to contribute to impairments of top-down 

cognitive control over motivation and salience attribution.

As glutamatergic and GABAergic systems are fundamental for brain function, the effects 

of alcohol on these targets results in wide-ranging downstream actions. Key consequences 
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are actions on G-protein coupled (GPCR) neurotransmitter receptors that have an important 

role in drug reward, such as dopamine, endorphin and endocannabinoid systems102. Indeed, 

endogenous opioid peptides (endorphins) are released by alcohol in several brain structures, 

including the ventral tegmental area (VTA) and nucleus accumbens (NAcc), which are 

part of the classic dopaminergic reward pathway106. Alcohol-mediated endorphin release 

in the VTA is believed to remove inhibitory tone from dopaminergic neurons, leading to 

their increased firing and dopamine release in their terminal areas such as the NAcc107,108. 

Endogenous opioids also have direct, dopamine-independent effects on the function of 

the NcAcc.109 Overall, this second wave of alcohol effects results in psychostimulant-like 

actions.

Thus, collectively and somewhat paradoxically, the acute effects of alcohol are both CNS 

depressant (sedative and anxiolytic), primarily mediated via ionotropic receptor actions, and 

psychostimulant-like, primarily mediated via GPCRs. The psychoactive effects of alcohol 

are generally described as being biphasic, with the ascending limb of the blood alcohol 

curve associated with stimulant effects and the descending limb associated with sedative 

effects110,111. As noted above, individual differences in the balance between sedative and 

stimulant-like alcohol actions are in part genetically determined and related to risk of AUDs.

With prolonged alcohol use, distress systems that involve the amygdala and its outputs are 

also recruited, and promote a shift of alcohol taking driven by distress-relieving (negatively 

reinforcing) rather than rewarding (positively reinforcing) actions103,112,113. The exact 

mechanisms underlying this transition is not known, but repeated activation of distress 

systems during cycles of withdrawal that follows intoxication has been conceptualized to 

result in a shift of affective homeostasis, driven by progressively up-regulated activity of 

stress-mediating neurotransmitter systems including corticotropin-releasing factor (CRF), 

dynorphin and noradrenaline (Fig. 4).114,115 Animal studies have suggested that these 

amygdala systems are involved in a shift of choice between natural rewards and alcohol116, 

as well as continued use of alcohol despite negative consequences (compulsivity)117. 

Compulsivity also seems to involve insular118 and orbitofrontal119 cortices, and likely 

converges with amygdala inputs at the brain stem. The involvement of the amygdala in 

addiction-related behaviors points to additional putative treatment targets, and to a likely 

need to tailor choice of pharmacotherapies to the individual and the stage of alcohol use 

disorder120.

In humans, MRI and PET have been instrumental in helping understand vulnerability to 

and effects of AUD on brain structure and function. Structural studies using MRI have 

shown that moderate-severe AUD is associated with gray matter loss, particularly of 

the prefrontal cortex (PFC) 33,105,121. These changes putatively underpin alcohol-related 

cognitive impairments (such as poor inhibitory control or decision making) that may 

contribute to continued alcohol misuse. There is also evidence to support the theory that 

chronic heavy alcohol consumption accelerates brain aging 122. However, of note, abstinence 

from alcohol results in recovery of brain volume and cognitive improvement, although to 

a lesser extent in older individuals.122,123 Heavy alcohol consumption in adolescence is 

associated with lower grey matter volume, particularly in the frontal and temporal lobes, 

and reduced white matter integrity 124. Whether these differences are a consequence of 
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alcohol exposure or pre-existing differences that increase risk of AUD is unclear but is being 

evaluated in larger cohort studies125126,127 .

Given the important role of environmental cues in motivating drinking, many functional 

MRI (fMRI) studies have aimed to characterize brain responses to alcohol-related cues. 

Greater responses to salient cues (such as pictures or tiny amounts of alcohol) are observed 

in the mesolimbic reward system including the anterior cingulate, orbitofrontal, dorsolateral 

prefrontal cortices, amygdala and ventral striatum.128 Such responses are associated with 

higher risk of relapse129 and pharmacotherapy-induced attenuation of responses to cues in 

the ventral striatum.128,130,131 By contrast, anticipation of monetary reward is associated 

with blunted responses in the striatum in people with AUDs, providing a potential neural 

substrate for the increased choice of alcohol over natural rewards in AUD132 . Of note, 

treatment with a dopamine D3 antagonist normalises this blunting.133

Resting state fMRI (rsMRI), or examination of connectivity among large-scale brain 

networks while an individual is not performing any specific task, is increasingly used 

to define dysregulated networks in addiction134. Although only a modest number of 

studies have been conducted on alcohol, 134consistent with preclinical studies that have 

found amygdala dysregulation with chronic alcohol exposure, persistently elevated rsfMRI 

connectivity between the amygdala and SN and VTA has also been reported in abstinent 

individuals with AUD.135

PET directly assesses variation in molecular substrates in humans and PET studies 

using [11C] raclopride, a dopamine D2 receptor tracer, have demonstrated an increase 

in in dopamine release following alcohol consumption in all subregions of the striatum, 

particularly the ventral striatum.136 Notably, this effect is significantly larger in males than 

in females 136 . Moreover, fewer dopamine D2 receptors and blunted amphetamine-related 

dopamine release in the striatum in individuals with moderate to severe AUD have been 

reported in some studies.137 One study using a selective dopamine D3 receptor PET tracer, 
11C-PHNO, found no differences in the striatum and higher levels in the hypothalamus in 

abstinent individuals with moderate to severe AUD compared with controls.138 Thus, the 

contribution of different dopamine receptor systems seems to vary in those with AUDs. 

Although earlier studies found that individuals with moderate to severe AUD have a 

higher level of mu opioid receptors throughout the brain, which were positively associated 

with craving 139, more recent studies have found no differences140,141, although these 

studies had notable methodological differences. Nevertheless, blunted amphetamine-induced 

endogenous opioid release has been reported in abstinent individuals with moderate to 

severe AUD, suggesting enduring opioid dysregulation 141.

Important considerations in the neuroimaging literature include a limited understanding of 

sex differences in AUD as females tend to be underrepresented in neuroimaging studies 

and sex differences are not a common focus 142. However, the ENIGMA Addiction 

working group has combined datasets and demonstrated smaller, dose-dependent amygdala 

volumes only in males with AUDs143. In addition, AUD is commonly comorbid with 

other psychiatric disorders and the specificity of neuroimaging findings to AUD is often 

unclear. For example, alterations in reward-related system (PFC, striatum, amygdala and 
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hippocampus) in adolescence is associated with higher risk of any drinking, and a higher 

risk of major depressive disorder, schizophrenia and ADHD144.

Psychological determinants.—Contemporary psychological theories of AUDs are 

extensions of basic behavioral science, including learning theory, cognitive psychology, 

human psychopharmacology and personality psychology.

From the perspective of learning theory, alcohol use is motivated behavior reflecting 

instrumental (operant) learning, or learning based on direct outcomes to the individual. 

From this viewpoint, the primary determinants of drinking behavior are its reinforcing 

consequences (including both positive reinforcement reflecting hedonic effects and negative 

reinforcement reflecting alleviation of distress), the rapid onset of its reinforcing effects, and 

the availability of alternative reinforcers (motivationally appealing non-drinking options) 
145-147. Foundational evidence supporting this theoretical approach came from studies using 

residential laboratory paradigms and experimental decision making tasks 148,149 150,151. 

Based on these findings, alcohol consumption in daily life is an operant choice behavior 

among competing reinforcers, effectively constituting a microeconomy in which individual 

over-allocate resources (such as time, effort and money) to drinking behavior. With 

increasing integration of concepts from microeconomics, the operant learning approach has 

evolved into what is referred to as the contemporary behavioral economic perspective152. 

Specifically, this approach emphasizes three core factors: elevated alcohol reinforcing value, 

overvaluation of immediate rewards and limited availability of alternative non-alcohol 

reinforcers, each of which is robustly linked with AUD153-156. Moreover, the reinforcement-

based perspective is the foundation for treatments for AUD and hazardous drinking, such 

as the Community Reinforcement Approach, Contingency Management and substance-free 

activity interventions, which incentivize treatment-related outcomes or focus on developing 

alternative non-alcohol reinforcers and are discussed later in the Primer.

Associative (Pavlovian) learning is also theorized to be an important determinant of drinking 

behavior, with extensive evidence that environmental conditional stimuli elicit dynamic 

changes in craving, reinforcing value, affect and psychophysiology157,158 that have an 

important role in motivating drinking behavior. This is critical owing to extensive preclinical 

evidence of both the persistence of associative learning 159 and its role in the transition 

of putatively volitional goal-based behavior to more automatic habit-based behavior160. 

However, the extent to which addiction motivation reflects goal-directed drug choice versus 

habitual (compulsive) behavior is debated and one appraisal of the evidence concluded that 

human studies generally provide more evidence in support of goal-directed drug choice, 

particularly in the context of negative affect 161. Regardless, the role of operant and 

associative learning processes are widely agreed upon to be foundational factors in alcohol 

and other drug addiction.

Perspectives from cognitive psychology emphasize key roles of information processing 

mechanisms in hazardous drinking and AUDs. Alcohol expectancies, or mental templates 

based on direct experience and social learning, include a person’s beliefs about the 

effects of alcohol on social facilitation, assertiveness, sexual enhancement and stress 

relief162, and predict alcohol use 163-165. Motives for drinking are conceptually similar 
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and multifaceted, including social, enhancement and coping dimensions 166-169, of which 

coping is particularly linked to alcohol problems 168,170. Complementing these processes 

that are measured by person’s self-perception, implicit cognition measures the attentional 

bias a person has toward alcohol-related stimuli. These measures putatively assess how 

saliently and robustly alcohol as a stimulus is instantiated in a person’s cognitive network 

and have been linked to severity of alcohol involvement 171 and treatment response 172,173. 

Another element of a cognitive perspective on AUD is recognition of deficits in executive 

function among individuals with AUD. Executive function comprises higher order cognitive 

processes, including attention, deliberation, set shifting, working memory and inhibition, 

and there is evidence of impairment in these domains in AUD174. Although temporal 

causality is not definitively established, these relationships are putatively bidirectional, 

reflecting both vulnerability to initiate and progress in drinking, and the neurotoxic effects 

of alcohol itself. From this perspective, AUD is understood as a disorder of excessive 

motivation for alcohol and reflecting innate and acquired deficits in executive functioning.

Moreover, individual differences in the pharmacological effects of alcohol and personality 

traits are also implicated in AUDs. As previously mentioned, alcohol has both stimulant 

and sedative effects 110,175. A family history of AUD is associated with reduced sedative-

ataxic response to alcohol 176 and early studies of alcohol response similarly identified 

low response as a longitudinal risk factor 177,178. More recent investigations have also 

found that stimulant effects are prospectively predictive 179,180. In terms of personality, 

although an ‘addictive personality’ is a popular lay notion, there is limited evidence for 

any singular personality profile conferring risk of AUDs 181. Instead, certain personality 

traits are significantly associated with AUDs, namely neuroticism (positively associated) 

and conscientiousness (negatively associated) 182-185. The most robust associations between 

personality and drinking are arguably with impulsivity-related traits, 169measured using 

the Barrett Impulsiveness Scales186 or the UPPS-P Impulsive Behavior Scales187,188 , 

particularly facets reflecting emotional regulation (negative urgency and positive urgency) 

and lack of premeditation or planning189. Of note, these measures of impulsive personality 

traits are moderately-to-highly intercorrelated, but not substantially correlated with 

behavioral measures of impulsivity, 190 such as revealed preferences for smaller immediate 

rewards over larger delayed rewards (i.e., delay discounting) or ability to inhibit an 

prepotent motor response (i.e., behavioral inhibition). Indeed, the contemporary perspective 

is that impulsivity is a multidimensional construct, reflecting conceptually-related but often 

quantitatively distinct indicators190,191. The extent to which different forms of impulsivity 

are etiological causes versus consequences of AUDs is an area of active investigation, but 

longitudinal and genetic studies are increasingly suggesting deficits in these processes at 

least partially predate AUDs.192,193

Social and societal determinants.—Direct social and higher-order societal factors 

are involved in drinking behaviour. For example, drinking for social enhancement features 

prominently in measures of expectancies and motives 162,166-169 and estimates of drinking 

in an individual’s proximal social network are highly correlated with personal alcohol 

use 194,195. Studies using social network analysis (SNA), which quantitatively characterize 

the structure of relationships among people 196-198 have revealed that drinkers cluster 

MacKillop et al. Page 13

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



together in networks and social network characteristics predict changes in drinking over 

time 199-201, with parallel findings for other addictive disorders 195,202-204. Clinically, 

changes in the individual’s social circle to include fewer people who drink alcohol predict 

recovery 205,206 and salutary changes in social networks is a mechanism of Alcoholics 

Anonymous 207. Furthermore, an intervention developed to create social networks that 

are less supportive of drinking and more supportive of abstinence has been shown to 

significantly decrease drinking consequences and increase days abstinent 208,209. In social 

networks, not all members are of equal importance and influence varies across the 

lifespan. During adolescence and young adulthood, parental influences and peer influences 

are particularly powerful, but during adulthood dyadic influences become increasingly 

prominent. This form of assortative mating reflects substance-using individuals being more 

likely to being romantically involved 210,211. Thus, hazardous drinking in both members 

of a dyad represents a particularly deep embedding within a social network, one that is 

particularly pernicious insofar as it is also associated with parenting deficits and intimate 

partner violence 212.

These social dynamics are nested within broader influences of culture and society. Religion 

substantially influences drinking levels, with certain religions, such as Islam, proscribing 

alcohol, resulting in much lower rates of drinking in regions where these religions are 

dominant3, and religiosity as a trait is associated with lower drinking213,214, 215,216 Policy 

strategies, such as licensed sales outlets, government monopolies and price and tax levels 

have significant impacts on alcohol consumption (see Prevention, below) 217-220. Equally, 

the availability and costs of evidence-based treatment across healthcare systems affects the 

population level alcohol burden 221-223. More broadly, social determinants of health, or the 

non-medical factors that affect health outcomes, such as income, housing, early childhood 

development, social inclusion and non-discrimination, and access to quality health services, 

are well established as increasing risk for hazardous drinking and AUDs224-226. In each 

case, sociocultural factors create an environmental niche that is variably potentiating for or 

protective against a person to developing hazardous drinking or an AUD.

DIAGNOSIS, SCREENING AND PREVENTION

Diagnosis

AUDs are typically diagnosed on the basis of a clinical interview by a trained mental 

healthcare worker to evaluate symptoms and supplemental assessments, such as the presence 

of withdrawal symptoms (Box 2). In some jurisdictions, a formal diagnosis can only 

be made by a physician or psychologist. As noted, DSM-5 uses a single dimensional 

diagnosis of AUD, whereas ICD-11 has two diagnoses, Harmful Pattern of Alcohol Use 

and Alcohol Dependence (Box 2). Definitive assessments can be made using a structured 

or semi-structured clinical interview, such as the Structured Clinical Interview for DSM-5 

(SCID-5227) or Diagnostic Assessment for Research and Treatment (DART228). Clinical 

interviews are resource intensive and can confer patient burden and self-reported symptom 

checklists have been validated in primary care,229 mental health settings,230 and AUD 

treatment settings231 .
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Screening

Routine alcohol screening (Box 3) is recommended across adult medical settings because it 

is often unrecognized by drinkers232 and because of how commonly individuals with AUDs 

interact with the healthcare system. For example, in one study of the U.K. hospital system, 

one in five patients used alcohol harmfully and one in ten patients had alcohol dependence 
233. Universal screening is particularly warranted in primary care234 because of its role in 

routine care and in mental health settings because of the high comorbidity of hazardous 

drinking and AUDs with other common psychiatric disorders235.

Implementation of screening varies widely236, influenced by lack of training , availability 

of integrated care, or capacity to transition positively screened individuals to specialist 

services (due to, for example, availability of inpatient, partial-care, and/or outpatient 

alcohol treatment services)237. Another obstacle is that many healthcare providers do 

not feel sufficiently trained to follow-up with positively screened patients with specific 

subpopulations, such as females of childbearing age, pregnant females and those with a 

medically illness238,239. This issue is unfortunate as there is evidence that clinical initiatives 

to address high-risk subpopulations can substantially improve detection of hazardous 

drinking 240.

Effective screening approaches incorporate validated questions and brief counseling 
236,241,242. Strategies to improve implementation of screening procedures include training 

of clinical staff and use of speciality clinicians who can oversee screening and referral to 

alcohol prevention and intervention programs. There is substantial evidence that efforts to 

increase the frequency of alcohol screening within primary care settings are effective243,244. 
236. Screening is more common in settings with stronger facilitation of clinical practices and 

facilitative electronic health records 236. A promising approach to promote integration of 

evidence-based practices is the Consolidated Framework for Implementation Research and 

its application to increasing alcohol screening has been informative.245,246

Screening itself is now well-established as clinically beneficial. Specifically, screening and 

brief intervention (SBI) 247well-supported for primary care settings and other numerous 

time-limited settings247,248. In general, SBI is carried out by trained staff who begin with a 

brief screening tool in combination with a discussion using a FRAMES approach (Feedback, 

Responsibility, Advice, Menu, Empathy and Self-efficacy). The clinical style in SBI largely 

adopts the empathic and non-judgmental approach used in motivational interviewing (MI)249 

and culminates with a brief discussion of clinical options that are tailored to the individual’s 

level of risk. 250The level of evidence is such that the US Public Service Task Force 

recommends SBI for all adults in primary care. 234 While SBI also historically included a 

referral to treatment component, the evidence does not support its efficacy for transitioning 

individuals into formal treatment251,252. 253

Biomarkers of alcohol use—Several biomarkers can be used in conjunction with 

clinical assessments to assess level and recency of alcohol involvement (Box 4), although 

not AUDs per se. The most widely used alcohol detection instrument is the breathalyzer, 

which is available in numerous device formats. Given the hepatic metabolism of alcohol, 

blood tests that measure liver enzymes (aspartate/alanine aminotransferase (AST/ALT) 
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and γ -glutamyl transferase (GGT)) are used to indirectly ascertain drinking heaviness, 

although the precision of these indicators is suboptimal254. Other serum-based biomarkers 

include percentage of disialocarbohydrate-deficient transferrin, mean corpuscular volume 

and phosphatidylethanol (PEth) levels. Recent alcohol use can be ascertained using several 

biomarkers, including transdermal alcohol255 (such as via ankle monitoring devices) and 

metabolic byproducts (such as urinary ethyl glucuronide) 256. A novel epigenetic biomarker 

is the Alcohol T Score (ATS), which measures average methylation at four sites selectively 

sensitive to alcohol consumption257 and has accurately differentiated heavy drinkers from 

controls.258 Of these biomarkers, PEth is in increasingly widespread use to detect recent 

drinking and, given its sensitivity to drinking at low levels for up to several weeks 

and quantitative scaling across a wide range of levels, it could render other biomarkers 

increasingly obsolete.

Prevention

Prevention of harms from alcohol can broadly be divided into policy-level (environmental) 

and person-level (individual) strategies. In terms of policy, recent recommendations from the 

WHO include the five SAFER strategies for governments to reduce harms: (1) Strengthening 

restrictions on alcohol availability; (2) Advancing and enforcing drinking and driving 

countermeasures; (3) Facilitating access to SBIRT; (4) Enforcing bans or comprehensive 

restrictions on alcohol advertising, sponsorship, and promotion; and (5) Raising prices on 

alcohol through excise taxes and pricing policies.259 Two additional recommended evidence-

based strategies include rigorous alcohol-related law enforcement (such as enforcing laws 

that prohibit service to intoxicated persons) and imposing minimum drinking age laws260).

Each of these strategies is at least moderately effective 260, but the most robust effects 

are for alcohol pricing. Pigouvian taxation 261 (i.e., increasing taxes on a product to 

offset adverse outcomes from commodities that are not factored into price) reduces alcohol 

consumption and harms262. Many economic costs of alcohol use (such as treatment, other 

alcohol-related healthcare costs, law enforcement/ criminal justice, and lost productivity) are 

distal from the product itself, therefore warranting this supplemental taxation strategy and 

the use of tax revenue to offset these externalities. Another pricing strategy is minimum 

unit pricing (MUP), which sets a minimum alcohol cost to avoid the accessibility that 

promotes hazardous drinking. For example, Scotland mandates a minimum price of 50 pence 

per UK unit of alcohol263. Like increased taxation, MUP is effective in reducing alcohol 

consumption 264 and, in turn, reducing alcohol-related harms.

With regard to non-financial restrictions on alcohol availability, sales outlet restrictions, 

such as government monopolies and outlet density, can reduce alcohol use and related 

crime265,266. Similarly, despite arguments that underage youths can obtain alcohol from 

older peers and siblings, age restrictions on alcohol also reduce alcohol consumption 267,268. 

This finding is also supported by more frequent and heavier youth alcohol consumption in 

regions with limited existing or enforced age restrictions or younger age restrictions269,270.

Collectively, these policies can substantively reduce alcohol-related harms, particularly 

when implemented in concert. One notable example is from Russia over the past fifteen 

years, where restrictions on marketing, monitoring of production, elimination of internet 
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sales, substantial increases in taxation, increases in the minimum unit price, and reductions 

in retail availability of retail alcohol, have reversed trends of extremely high alcohol-related 

morbidity and mortality.271 However, a coordinated approach is rarely implemented in 

practice owing to lack of public awareness, lack of government regulatory mechanisms 

for effective implementation (such as state alcohol monopolies), lobbying by the alcohol 

industry, and ineffective promotion of specific and feasible actions from the public health 

community.260

At the individual level, prevention strategies comprise primary (universal, for all individuals 

in a target population), secondary (for those at-risk of harm) and tertiary prevention (for 

those exhibiting clinically significant level of harms). Primary prevention encapsulates 

programs that intervene before the onset of health effects. Most studies on primary alcohol 

prevention are on school programs that primarily provide education about alcohol’s harmful 

effects, although they have very little effect on preventing youth alcohol use272,273. 274A 

continued challenge in primary prevention in adults is that many individuals are not aware of 

some of the health risks of alcohol use; for example, less than one in five women attending 

breast screening programs were aware of the relationship between alcohol use and breast 

cancer.275 Arguably the most promising youth approach, the so-called Icelandic strategy,274 

focuses less on alcohol per se and more on improving parental engagement and promotion 

of alternative reinforcers, such as access to alcohol-free recreational activities. Compared 

with primary prevention, secondary and tertiary prevention have more supporting evidence 

for reducing alcohol use and harms 276,277. For example, a personality-oriented secondary 

prevention program has demonstrated efficacy in reducing hazardous drinking and other 

substance use278 . As noted above, screening can produce substantive benefits 279245246 

making it an important part of prevention.

Management

Specialist treatment is generally intended for individuals with moderate or severe AUD 

as per DSM-5 criteria or alcohol dependence as per ICD-11 criteria. Pharmacological 

treatments are intended for use in conjunction with psychological interventions, and mutual 

support organization (e.g., Alcoholics Anonymous) participation is often encouraged. 

Therapeutic endpoints range from abstinence to reductions in drinking and harms, and are 

an area of active discussion in the field. Formal inpatient or outpatient treatment typically 

prioritize recovery as the outcome. One definition of recovery from the National Institute on 

Alcohol Abuse and Alcoholism is as “a process through which an individual pursues both 

remission from alcohol use disorder and cessation from heavy drinking,”280 meaning that 

the individual no longer meets diagnostic criteria and drinks at or below low-risk guidelines. 

Abstinence is often a priority but harm reduction is commonly part of treatment. Recently, 

one-level or two-level alcohol consumption reductions using the WHO guidelines (Box 1) 

have also been proposed as clinically meaningful reduction281,282. Of note, most evidence 

on the effectiveness of AUD treatments is from high-income regions, with research at an 

early stage in low-income and middle-income countries283.
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Pharmacological Interventions

Approved medications for AWS.—Individuals with AUDs can develop alcohol 

withdrawal syndrome (AWS) when they reduce or stop drinking. Symptoms of AWS reflect 

hyperarousal, including tremulousness, agitation, headache, and diaphoresis (extensive 

sweating), typically commencing 6-36 hours following the last drink and, for those who 

progress, including seizures, hallucinations, and delirium tremens (DT; global confusion) 

48-96 hours of the last alcoholic drink. Heavier alcohol consumption associated with more 

severe withdrawal symptoms284. Benzodiazepines are the medication of choice for AWS 

because they effectively reduce the severity of withdrawal and prevent life-threatening 

consequences, such as seizures and DT285. Thiamine and magnesium supplementation 

are also commonly used during withdrawal to address nutritional deficiencies and 

prevent Wernicke encephalopathy. However, thiamine supplementation is not universally 

implemented in specialist settings where it may be beneficial (such as the emergency 

department) mainly because lack of training and education among health care providers.286

Approved medications for AUDs.—In addition to the acute management of AWS, 

increased understanding of the neurobiological mechanisms of AUD has contributed to 

the development of medications to help patients reduce harmful alcohol consumption and 

to achieve and maintain abstinence287 (Table 1). Of these pharmacotherapies, disulfiram, 

naltrexone, acamprosate, and nalmefene are approved by one or more national or 

international regulatory agencies; however, large variability between countries exists in the 

availability of these medications. Of note, the variability in approval of these therapies 

between regions is not because of regulatory rejections, but rather the extent to which 

a pharmaceutical manufacturer has sought an approval, typically based on marketing 

considerations.

Disulfiram was the first approved medication for AUDs and deters drinking by inhibiting 

alcohol metabolism and increasing circulating acetaldehyde, which triggers an unpleasant 

reaction (i.e., nausea, dizziness and tachycardia). This is the same mechanism by which 

variation in the ALDH2 gene confers protection against AUDs. Disulfiram is recommended 

only in patients who want to maintain abstinence and is contraindicated in those actively 

drinking alcohol and in those who want to only reduce their drinking of alcohol285. 

Moreover, disulfiram is also contraindicated in those with certain medical conditions in 

which acetaldehyde accumulation might pose a risk (such as individuals with coronary 

heart disease) or in individuals who are unable to understand the risks due to psychosis or 

cognitive impairment. Notably, evidence of the effectiveness of disulfiram has been strongest 

in trials using witnessed administration (such as in collaboration with a spouse or partner), 

with limited benefits in unwitnessed administration288,289, putatively due to low medication 

compliance.

Naltrexone, a competitive opioid μ receptor antagonist, and acamprosate, an NMDA receptor 

antagonist and positive allosteric modulator of GABAA receptors, are approved first-line 

agents that are modestly effective for treatment of AUDs. The effect size of naltrexone is 

larger for alcohol reduction, whereas the effect size for acamprosate is larger for relapse 

prevention290,291. Clinically, naltrexone can be more useful in reducing harmful drinking 
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among patients with AUDs who aim to reduce alcohol consumption but not achieve and 

maintain abstinence. By contrast, acamprosate can be more useful in helping patients with 

AUD who have achieved abstinence in reducing the risk to relapse in any drinking292. 

However, naltrexone may be less effective in females than in males 293. Acamprosate is also 

sometimes used clinically during detoxification to reduce the hyperglutamatergic state that 

results in hyperarousal. Choosing between naltrexone and acamprosate should be based on 

patient-specific considerations and contraindications, including liver and kidney function285. 

Of note, patients benefit from combining pharmacotherapy with cognitive behavioral therapy 
294. Several predictors of naltrexone positive response have been proposed (such as positive 

family history, early onset of drinking, other drug use, smoking and male sex295,296,297, and 

may inform its selection. Similar to naltrexone, nalmefene is a μ opioid antagonist and is 

approved in Europe. The effect size and evidence of efficacy for nalmefene are lower than 

those of naltrexone and acamprosate (Table 1). In general, less is known about the safety 

and efficacy of these medications in females with AUDs than in males.298 Of note, using 

these medications in adolescents or seniors older than 65 is off-label (i.e., not specifically 

approved by a regulatory body and based on clinician judgment).

Off-label medications.—Other medications have been tested for AUD, often based on 

research in rodent models and primarily repurposing medications already approved for other 

indications. These medications are not approved by a regulatory body, making their use 

off-label. The most promising are in Table 2.

In one meta-analysis of RCTs, baclofen was significantly superior to placebo for time to 

lapse and percentage days abstinent 299, with higher efficacy in lower dose administration, 

although a second meta-analysis found less consistent evidence of benefit.300 These 

findings are complemented by a subsequent positive RCT301, which also found that males 

may tolerate and selectively benefit from a higher dose regimen. Baclofen seems to be 

particularly effective in patients with more severe AUD, liver disease and anxiety302,303. 

Another promising medication is varenicline, which seems to be more effective in heavy 

drinkers who are males and smokers304-306. Topiramate has the most robust efficacy data 

of these medications 285, although has substantive adverse effects, including paresthesia, 

headache, taste abnormalities, fatigue, anorexia, dizziness, and difficulties with memory, 

attention, and concentration307 . A slow dose titration and close monitoring are important 

with topiramate, making it most suitable for specialist settings 304-306. Gabapentin may 

be selectively beneficial in patients with a more substantial history of AWS 304-306 

and, together with topiramate, is recommended as a second-line treatment (the first-line 

medications being acamprosate, disulfiram, and naltrexone) by the American Psychiatric 

Association. 308 A further consideration of gabapentin is that although it is generally 

safe, it may have misuse potential in some patients309. Additional medications are 

under investigation (such as prazosin310, ibudialst311 and d-cycloserine312), but data are 

preliminary.

MacKillop et al. Page 19

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Psychological Interventions

A number of psychological interventions have exhibited consistent evidence of effectiveness 

in treating AUDs. Except for motivational interviewing (MI), these therapies are generally 

intended for individuals with a moderate or higher level of severity.

Motivational Interviewing (MI).—Motivational interviewing (MI)313 and its structured 

version, motivational enhancement therapy (MET)314, are client-centered, directive 

therapeutic approaches to bolster alcohol-related behavior change (Table 3). The cost-

effectiveness, viability across settings and flexibility of MI and MET have resulted in their 

wide adoption globally, including in settings with non-treatment seeking individuals such 

as urgent/ emergency care, primary care, and correctional settings315. Meta-analyses and 

systematic reviews support the effectiveness of MI and MET in reducing alcohol use 315, 

with a similar effectiveness as other active psychosocial interventions, including among 

heavy users, albeit with slightly lower effect sizes with younger age groups316. MI and 

MET are most frequently used as stand-alone therapies, but can also used as an adjunctive 

treatment, commonly as a lead in for other more structured interventions, both based 

the focus on building therapeutic rapport and the need for patient motivation to engage 

maximally in other psychological treatments. Moreover, the flexible client-centered style 

of MI makes it a useful therapeutic approach as a platform for delivering other kinds of 

psychological or pharmacological interventions.

Cognitive Behavioral Therapy (CBT)/Relapse Prevention.—Broadly, CBT for 

AUDs refers to a set of skills-based approaches that are based on the premises that drinking 

is motivated by functional outcomes (e.g., managing negative emotional states or cravings) 

and that changing drinking behaviour is hindered by a lack of skills for managing life 

without alcohol. One common form is relapse prevention,317 which emphasizes managing 

high-risk situations, but other forms focus on coping or social skills training to address 

common motives for drinking.318 Meta-analyses suggest that CBT is superior to no 

treatment, minimal treatment or non-specific therapy control usual care, and is comparable 

to other evidence-based psychological modalities319. 277 Manualized protocols for CBT 

have been developed that can be delivered by a variety of different mental health disciplines 

and that can be adapted for group delivery to reduce resource demands. Furthermore, 

CBT in combination with pharmacotherapy is superior to usual care320 and studies have 

suggested that technology-delivered CBT shows promise321. Of note, relapse prevention has 

been adapted to incorporate mindfulness approaches and a small number of RCTs of this 

intervention for substance use disorders in general have generated positive results 322,323. 

Behavioral couples therapy integrates CBT and strategies for improving dyadic functioning 

in a relationship with a non-drinking partner, and has demonstrated robust efficacy in trials 
324-326.

Contingency Management (CM).—Contingency management (CM) incentivizes 

biologically verified alcohol use reductions and/or abstinence (determined using 

breathalyzer or urine screen)327. Incentives in CM include direct financial rewards as well 

as prize-based lotteries in which patients receive vouchers and consumer goods of variable 

value. Meta-analyses have found medium effect size benefits for CM during treatment 
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and at short-term post-CM follow-up for several substances (including alcohol), although 

effect sizes drop substantially at long-term (6-month) post-CM follow-ups 328. Recent 

research has suggested that spending the rewards is critical for efficacy 329. Notably, despite 

effectively modifying target behaviors such as treatment attendance315, there are concerns 

from clinicians that CM does not treat the underlying etiology of AUDs,330 although a 

similar criticism can be applied to most pharmacotherapies for AUDs. On balance, the 

available evidence robustly supports CM as a clinical strategy for maximizing benefit from 

concurrent evidence-based treatment strategies, although not exclusively as a stand-alone 

intervention.

Community Reinforcement Approach.—Community Reinforcement Approach 

(CRA)331 and the adolescent version (ACRA)332 use reinforcement-based approach to 

enhance engagement in naturally occurring non-substance use positive reinforcers333, such 

as employment, education and non-drug-related social and recreational activities. Patients 

also participate in CBT modules, such as anger management, and family and significant 

other sessions. Together, CRA and CM can be considered as macro-scale and micro-

scale reinforcement-based treatment of AUD, respectively. In other words, CRA aims to 

re-organize a person’s overall psychosocial environment to create alternative alcohol-free 

reinforcers that compete with drinking (such as opportunities for meaningful relationships, 

work and recreation), whereas CM directly reinforces small discrete features of treatment 

(such as attendance and negative urine drug screens). As such, these interventions are 

naturally complementary and have been integrated in clinical protocols.334,324-326335

Mutual Help Organizations

Mutual-help organizations (MHOs) provide a peer-run network of recovery-specific support 

without cost in nearly every community and online 336,337. The largest and most researched 

AUD MHO is Alcoholics Anonymous (AA), which comprises approximately 2 million 

members in more than 180 countries338. AA is based on a 12-step program of addiction 

recovery learned within a social network comprising peers with lived experience of recovery 

from AUDs. Operationally, AA comprises group meetings during which members share 

their alcohol-related experiences and how they have learned to follow 12-step principles 

(such as honesty, perseverance and service) and practices (for example, helping others 

with an AUD) to cope with daily life, maintain sobriety and enhance quality of life and 

functioning 336. A notable aspect of AA is the role of more experienced members (known as 

sponsors) who offer guidance and accountability to new members. MHOs also serve families 

and children at no cost via Al-Anon and AlaTeen.

Although many individuals access AA directly from the community339, others access it 

via referral and linkage from formal AUD treatments settings. Following a call for more 

rigorous research on AA and 12-step treatments by the Institute of Medicine 340, several 

Twelve-Step Facilitation (TSF) treatments intended to test the benefit of linkage of patients 

with AUDs to AA during and following treatment were tested in randomized controlled 

trials. Reviews of the effectiveness of TSF 341,342 indicate these interventions are at least as 

good or in some cases better (when continuous abstinence and remission are the outcome 

metrics) than other evidence-based interventions, such as MET or CBT 341 , and result 
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in substantially reduced health care costs than other psychosocial interventions 341,343. 

Importantly, AA seems to operate via similar therapeutic mechanisms to formal treatments 

like CBT (such as increasing recovery coping skills and self-efficacy, reducing craving and 

impulsivity) 344,345. An advantage, however, is its availability, long-term accessibility, and 

absence of cost , making it an adaptive and durable recovery management resource. Several 

other MHOs addressing AUDs 346, that operate in similar ways have been developed but 

vary in theoretical orientation and related practices (e.g., SMART Recovery uses MI and 

cognitive-behavioral practices)336. Rigorous empirical research on the effectiveness of these 

alternatives is limited but observational studies suggest similar benefits to AA for those 

self-selecting into the groups 347.

Combining Intervention Strategies

Combining clinical strategies is recommended to give individuals with AUDs the highest 

chance to benefit. Although formal evidence supporting combined pharmacological and 

psychological treatments was limited in the COMBINE Study 348, one meta-analysis 

demonstrated that pharmacotherapy plus CBT is superior to pharmacotherapy plus usual 

care for those with an alcohol or a substance use disorder320. Consistent with the clinical 

heterogeneity of AUDs, treatment response is highly variable between patients, and multiple 

strategies maximize the likelihood of a positive outcome. The other consideration from the 

perspective of combined treatment is that, given the high rates of comorbidity, concurrently 

treating both the AUD and other co-occurring disorders is recommended349, although 

challenges exist for doing so (e.g., mental health programs not permitting individuals with 

substance use disorders to enroll).

Another evolution in the treatment of AUDs is the use of digital platforms, which potentially 

increase accessibility of interventions and reduce costs. Although at a relatively early 

stage, evidence suggests small decreases in drinking in those using personalized digital 

interventions compared to no intervention or control manipulations, particularly digital 

CBT350, although outcomes are highly heterogeneous351.

QUALITY OF LIFE

AUDs are consistently associated with substantive reductions across domains of quality of 

life (QoL), including general and social functioning; physical and mental health; activities of 

daily living; and sleep 352. There is evidence that these reductions are causal and specific for 

AUD353,354, but QOL is also further reduced in those with comorbid psychiatric conditions, 

particularly major depressive disorder352. In individuals with AUDs, increases and decreases 

in alcohol consumption over time are commensurately associated with decreases and 

increases in QOL355,. This relationship between drinking and QoL may credibly differ 

among groups experiencing health disparities (e.g., racial and ethnic minorities) to the extent 

that systemic challenges adversely affects QoL, although this has not been systematically 

evaluated.

Critically, evidence-based pharmacotherapies and psychosocial interventions produce 

significant increases in QOL 356,357 358,359. Furthermore, alcohol harm reduction, not just 

abstinence, is associated with increased QOL360. In terms of specific levels of reduction, 
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one study found that both one-level and two-level reductions in the WHO drinking levels 

(Box 1) were associated with significant increases in QOL361. However, despite these 

findings, a gap in the field is the emphasis on drinking outcomes in clinical research without 

parallel investigation of patient-centred outcomes, such as QOL or psychosocial functioning. 

Accordingly, there remains a high need for systematic evaluation of the effects of treatments 

on patient-centred outcomes via comparative effectiveness trials.

OUTLOOK

The biological and clinical understanding of AUDs has increased dramatically over the past 

few decades but substantial gaps in knowledge remain.

Biobehavioral and etiologic research

Although genetic research has progressed49, the functional significance of identified genetic 

variants and polygenic risk scores for AUDs in terms of basic systems biology and alcohol 

motivation, is largely unclear. Similarly, although researchers have attempted to assemble 

large enough samples to maximize statistical power, the total amount of variance in AUD 

is relatively small and substantially below the levels estimated from twin designs, a form 

of the ‘missing heritability problem’362 The promise of pharmacogenetic approaches to 

AUD (tailoring medication strategies based on individual variants363) has not been fulfilled 

and the clinical relevance of genetic research is increasingly less clear. Converting robust 

genomic findings into meaningful information for diagnosis and treatment planning remains 

a priority.

Although numerous preclinical animal models of AUD are available, the extent to which 

they map to human AUD is debated. 364,365 This is mitigated slightly with the development 

of novel assays of clinical features 116,117 but remains an issue. Similarly, the translational 

validity of human laboratory paradigms is also imperfect.365,366 Moreover, although there 

is an extensive neuroimaging knowledge base on AUD and the brain, most studies are 

cross-sectional, precluding inferences about whether the observed differences are causes 

and/or consequences of AUD. This issue is being partially addressed with longitudinal 

initiatives investigating the development of AUD126,127 and can be addressed using genetic 

approaches, but with constraints on definitive insights. Moreover, few investigations have 

been carried out on how the brain regains function after periods of prolonged reduction in 

drinking so the neuroscience of AUD recovery fundamentally remains nascent.

Although substantial progress has been made in behavioral and social-environmental 

research, the translation of concepts and indicators into clinically actionable tools has 

largely not occurred. A commonly cited statistic is that new drug development takes an 

average of 20 years, and it is assumed that behavioral measures would take a shorter 

amount of time to migrate into practice; however, most assessments or experimental assays 

are not part of a pipeline to develop clinically actionable tools. Moreover, neuroimaging 

research has not yet generated clinically informative indicators for improving diagnosis, 

prognosis or treatment planning. A new generation of clinically-relevant biological and 

behavioral markers is needed for AUD. Such translational efforts are consistent with 

proposed frameworks for integrating the prepotent processes in AUD, namely the Addictions 
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Neuroclinical Assessment367 (ANA) and the Addictions NeuroImaging Assessment368 

(ANIA). In both cases, these frameworks prioritize validation of indicators in three integral 

etiologically-informed domains - incentive salience, negative emotionality, and executive 

function - to improve the nosology and treatment of AUD.

Treatments

Although evidence-based treatments for AUDs are available, there are several priorities 

for improving their clinical management. Moreover, although AUD has more approved 

pharmacotherapies than most SUDs, empirical studies and studies evaluating medication 

use in patients with other physical and/or mental disorders (such as those with severe liver 

disease, mood and/or anxiety disorders), adolescents, seniors and pregnant or breastfeeding 

women is limited. Furthermore, many individuals do not respond to the existing 

pharmacological therapies and research is needed to develop new effective medications 

and more personalized treatment approaches304,305. Neuromodulatory interventions, such as 

repetitive transcranial magnetic stimulation (rTMS) are at an early stage but have promise 

for AUDs.369

For psychological interventions, novel sequencing strategies, such as adaptive models, 

sometimes called stepped-care (clinical protocols of escalating intensity over time), and 

measurement-based care370 (systematic assessment to inform treatment) have substantial 

promise but have received comparatively little investigation371,372. More generally, patient-

centered clinical research, which focuses on helping real-world clinical populations and 

clinicians navigate a complex treatment landscape, has been scarce. Examples of patient-

oriented research include comparative effectiveness trials of multiple active interventions, 

decision analyses to understand patient values and preferences, and innovations in clinical 

methods or infrastructure 373.

Another problem for AUD is service underutilization, as only a minority of individuals 

with an AUD receive specialist treatment. For example, two waves of the National 

Epidemiological Survey of Alcohol and Related Conditions (a nationally representative 

population survey in the U.S.) found that 20-24% of individuals with an AUD received 

treatment and this proportion was declining over time374 90. Even with strategies like SBI, 

increasing access and engagement in treatment remains a priority.

Even within treatment settings, evidence-based practices, such as approved first-line 

pharmacotherapies, are not widely implemented. For example, a national survey conducted 

in the United States found that only 1.6% of people with prior year AUD had received 

approved medications to reduce or stop alcohol use375. In Canada, one study found the 

prescription rate of an approved AUD medication for an individual diagnosed with an AUD 

was 3.56 per 1000 patients376 (< 0.4%). In Australia, the proportion is higher but is still 

<3%377 and in the UK the rate is 11.7%,378 although only a single month’s supply is 

typically available. Even in specialty care for AUDs, physicians prescribe these medications 

to ~20% of their patients379 and one U.S. study found that only 16.3% of addiction 

programs offered at least one AUD medication.380 Evidence-based behavioral treatments 

are similarly underused381, as are evidence-based policy implementations.260 There is a 

particularly stark contrast in the United States, where high-cost residential treatment is 
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widely available but evidence-based treatments are typically not used.382 Given this, it 

is unsurprising that the availability of evidence-based practices is even lower outside of 

high-income countries. Fundamentally, there is a substantial gap between the research 

and development of effective AUD interventions and their widespread implementation in 

healthcare systems. A final consideration is that healthcare system funding substantially 

affects access to quality care. For example, in the UK, reductions in local funding for 

treatment of AUDs may have contributed to increases hospital alcohol-related conditions.383

Acknowledgements

JM is supported by the Peter Boris Chair in Addictions Research, a Tier 1 Canada Research Chair in Translational 
Addiction Research, and grants from the Canadian Institutes of Health Research, Health Canada, and the National 
Institutes of Health (NIH). SFE is supported by NIH grant K24AA026876-01. MH is supported by the Swedish 
Research Council (2013-07434, 2019-01138) and is a Clinical Scholar supported by the Knut and Alice Wallenberg 
Foundation). LL is a U.S. federal employee at the National Institutes of Health and is supported by the National 
Institute on Drug Abuse and the National Institute on Alcohol Abuse and Alcoholism. The views expressed herein 
are those of the authors and do not reflect the official policy or position of the funding sources. CP is supported 
by the South African Medical Research Council. AAP is supported by NIH grants P50DA037844, R01AA02628, 
R01AA029688. LAR is supported by NIH grant K24AA025704.

REFERENCES

1. Dudley R. Evolutionary origins of human alcoholism in primate frugivory. Q Rev Biol 75, 3–15 
(2000). [PubMed: 10721531] 

2. Dudley R & Maro A Human Evolution and Dietary Ethanol. Nutrients 13, (2021).

3. World Health Organization. Global status report on alcohol and health 2018. World Health 
Organization. . (2018).

4. Humphreys K & Kalinowski A Governmental standard drink definitions and low-risk alcohol 
consumption guidelines in 37 countries. Addiction 111, 1293–8 (2016). [PubMed: 27073140] 

5. Volkow ND Stigma and the Toll of Addiction. N Engl J Med 382, 1289–1290 (2020). [PubMed: 
32242351] 

6. Kilian C. et al. Stigmatization of people with alcohol use disorders: An updated systematic review of 
population studies. Alcohol Clin Exp Res 45, 899–911 (2021). [PubMed: 33970504] 

7. Volkow ND, Gordon JA & Koob GF Choosing appropriate language to reduce the stigma around 
mental illness and substance use disorders. Neuropsychopharmacology 46, 2230–2232 (2021). 
[PubMed: 34276051] 

8. Saitz R, Miller SC, Fiellin DA & Rosenthal RN Recommended Use of Terminology in Addiction 
Medicine. J Addict Med 15, 3–7 (2021). [PubMed: 32482955] 

9. Babor TF, Biddle-Higgins JC, Saunders JB & Monteiro MG AUDIT: The Alcohol Use Disorders 
Identification Test: Guidelines for Use in Primary Health Care. (World Health Organization, 2001).

10. White A. et al. Converging Patterns of Alcohol Use and Related Outcomes Among Females and 
Males in the United States, 2002 to 2012. Alcohol Clin Exp Res 39, 1712–1726 (2015). [PubMed: 
26331879] 

11. Chapman C. et al. Evidence for sex convergence in prevalence of cannabis use: A systematic 
review and meta-regression. J Stud Alcohol Drugs 78, 344–352 (2017). [PubMed: 28499099] 

12. Grant BF et al. Epidemiology of DSM-5 Alcohol Use Disorder: Results From the National 
Epidemiologic Survey on Alcohol and Related Conditions III. JAMA Psychiatry 72, 757 (2015). 
[PubMed: 26039070] 

13. Kittirattanapaiboon PTN , C. W. TA , K. P. AS Prevalence of mental disorders and mental health 
problems: Thai national mental health survey 2013. . Journal of Mental Health of Thailand 25, 
1–19 (2017).

14. Rehm J, Room R, van den Brink W & Jacobi F Alcohol use disorders in EU countries and Norway: 
an overview of the epidemiology. Eur Neuropsychopharmacol 15, 377–388 (2005). [PubMed: 
15925491] 

MacKillop et al. Page 25

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Rehm J. et al. Prevalence of alcohol use disorders in primary health-care facilities in Russia in 
2019. Addiction (Abingdon, England) 117, 1640–1646 (2022). [PubMed: 35072306] 

16. World Health Organization. ICD-11 for Mortality and Morbidity Statistics . https://icd.who.int/
browse11/l-m/en (2018).

17. Puddephatt JA, Irizar P, Jones A, Gage SH & Goodwin L Associations of common mental disorder 
with alcohol use in the adult general population: a systematic review and meta-analysis. Addiction 
(Abingdon, England) 117, 1543–1572 (2022). [PubMed: 34729837] 

18. Why is there comorbidity between substance use disorders and mental illnesses? 
∣ National Institute on Drug Abuse (NIDA). https://www.drugabuse.gov/publications/
research-reports/common-comorbidities-substance-use-disorders/why-there-comorbidity-between-
substance-use-disorders-mental-illnesses.

19. Chassin L, Sher KJ, Hussong A & Curran P The developmental psychopathology of alcohol use 
and alcohol disorders: research achievements and future directions. Dev Psychopathol 25, 1567–84 
(2013). [PubMed: 24342856] 

20. Kendler KS, Prescott CA, Myers J & Neale MC The structure of genetic and environmental 
risk factors for common psychiatric and substance use disorders in men and women. Arch Gen 
Psychiatry 60, 929–937 (2003). [PubMed: 12963675] 

21. Hicks BM, Krueger RF, Iacono WG, McGue M & Patrick CJ Family transmission and heritability 
of externalizing disorders: A Twin-Family Study. Arch Gen Psychiatry 61, 922–928 (2004). 
[PubMed: 15351771] 

22. Dick DM & Agrawal A The genetics of alcohol and other drug dependence. Alcohol Res Health 
31, 111–118 (2008). [PubMed: 23584813] 

23. Barr PB & Dick DM The Genetics of Externalizing Problems. Curr Top Behav Neurosci 47, 
93–112 (2020). [PubMed: 31845132] 

24. Rehm J, Rovira P, Llamosas-Falcon L & Shield KD Dose-Response Relationships between Levels 
of Alcohol Use and Risks of Mortality or Disease, for All People, by Age, Sex and Specific Risk 
Factors. Nutrients 13, 2652 (2021). [PubMed: 34444809] 

25. Eckardt MJ & others. Effects of moderate alcohol consumption on the central nervous system. 
Alcohol Clin Exp Res 22, 998–1040 (1998). [PubMed: 9726269] 

26. Morojele NK, Shenoi S. v., Shuper PA, Braithwaite RS & Rehm J Alcohol Use and the Risk of 
Communicable Diseases. Nutrients 13, (2021).

27. Rehm J. et al. The relationship between different dimensions of alcohol use and the burden of 
disease—an update. Addiction 112, 968–1001 (2017). [PubMed: 28220587] 

28. Rehm J. et al. The role of alcohol use in the aetiology and progression of liver disease: A narrative 
review and a quantification. Drug Alcohol Rev 40, 1377–1386 (2021). [PubMed: 33783063] 

29. Wild CP, Weiderpass E & Stewart BW World Cancer Report: Cancer Research for Cancer 
Prevention. International Agency for Research on Cancer 2020 (2020).

30. White IR, Altmann DR & Nanchahal K Alcohol consumption and mortality: modelling risks for 
men and women at different ages. BMJ 325, 191 (2002). [PubMed: 12142306] 

31. Shield K. et al. National, regional, and global burdens of disease from 2000 to 2016 attributable 
to alcohol use: a comparative risk assessment study. Lancet Public Health 5, e51–e61 (2020). 
[PubMed: 31910980] 

32. Zahr NM, Kaufman KL & Harper CG Clinical and pathological features of alcohol-related brain 
damage. Nat Rev Neurol 7, 284 (2011). [PubMed: 21487421] 

33. Sullivan E. v., Harris RA & Pfefferbaum A Alcohol’s effects on brain and behavior. Alcohol Res 
Health 33, 127–143 (2010). [PubMed: 23579943] 

34. Sullivan E. v. & Pfefferbaum A Alcohol use disorder: Neuroimaging evidence for accelerated 
aging of brain morphology and hypothesized contribution to age-related dementia. Alcohol (2022) 
doi:10.1016/J.ALCOHOL.2022.06.002.

35. Schwarzinger M & others. Contribution of alcohol use disorders to the burden of dementia in 
France 2008-13: a nationwide retrospective cohort study. Lancet Public Health 3, (2018).

36. Lange S. et al. Global Prevalence of Fetal Alcohol Spectrum Disorder Among Children and 
Youth: A Systematic Review and Meta-analysis. JAMA Pediatr 171, 948–956 (2017). [PubMed: 
28828483] 

MacKillop et al. Page 26

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://icd.who.int/browse11/l-m/en
https://icd.who.int/browse11/l-m/en
https://www.drugabuse.gov/publications/research-reports/common-comorbidities-substance-use-disorders/why-there-comorbidity-between-substance-use-disorders-mental-illnesses
https://www.drugabuse.gov/publications/research-reports/common-comorbidities-substance-use-disorders/why-there-comorbidity-between-substance-use-disorders-mental-illnesses
https://www.drugabuse.gov/publications/research-reports/common-comorbidities-substance-use-disorders/why-there-comorbidity-between-substance-use-disorders-mental-illnesses


37. Traccis F. et al. Alcohol-medication interactions: A systematic review and meta-analysis of 
placebo-controlled trials. Neurosci Biobehav Rev 132, 519–541 (2021). [PubMed: 34826511] 

38. Laslett A-M, Room R, Waleewong O, Stanesby O & Callinan S Harm to Others from Drinking: 
edited by Patterns in Nine Societies. (2019).

39. Harm to others from drinking: patterns in nine societies. https://apps.who.int/iris/handle/
10665/329393.

40. Nutt DJ, King LA & Phillips LD Drug harms in the UK: a multicriteria decision analysis. Lancet 
376, 1558–1565 (2010). [PubMed: 21036393] 

41. Manthey J & others. What are the economic costs to society attributable to alcohol use? A 
systematic review and modelling study 1–14 (2021).

42. Cloninger CR, Bohman M & Sigvardsson S Inheritance of alcohol abuse. Cross-fostering analysis 
of adopted men. Arch Gen Psychiatry 38, 861–868 (1981). [PubMed: 7259422] 

43. Cloninger CR Etiologic factors in substance abuse: an adoption study perspective. NIDA Res 
Monogr 89, 52–72 (1988). [PubMed: 3147398] 

44. Heath AC Genetic Influences on Alcoholism Risk: A Review of Adoption and Twin Studies. 
Alcohol Health Res World 19, 166 (1995). [PubMed: 31798109] 

45. Verhulst B, Neale MC & Kendler KS The heritability of alcohol use disorders: a meta-analysis of 
twin and adoption studies. Psychol Med 45, 1061–1072 (2015). [PubMed: 25171596] 

46. True WR et al. Common Genetic Vulnerability for Nicotine and Alcohol Dependence in Men. Arch 
Gen Psychiatry 56, 655–661 (1999). [PubMed: 10401514] 

47. Bierut LJ Genetic Vulnerability and Susceptibility to Substance Dependence. Neuron 69, 618 
(2011). [PubMed: 21338875] 

48. Morozova T. v., Goldman D, Mackay TFC & Anholt RRH The genetic basis of alcoholism: 
multiple phenotypes, many genes, complex networks. Genome Biol 13, (2012).

49. Zhou H. et al. Genome-wide meta-analysis of problematic alcohol use in 435,563 individuals 
yields insights into biology and relationships with other traits. Nat Neurosci 23, 809–818 (2020). 
[PubMed: 32451486] 

50. Edenberg HJ, Gelernter J & Agrawal A Genetics of Alcoholism. Curr Psychiatry Rep 21, (2019).

51. Luczak SE, Glatt SJ & Wall TL Meta-analyses of ALDH2 and ADH1B with alcohol dependence in 
Asians. Psychol Bull 132, 607–21 (2006). [PubMed: 16822169] 

52. Luo HR et al. Origin and dispersal of atypical aldehyde dehydrogenase ALDH2487Lys. Gene 435, 
96–103 (2009). [PubMed: 19393179] 

53. Higuchi S. et al. Aldehyde dehydrogenase genotypes in Japanese alcoholics. Lancet 343, 741–742 
(1994).

54. Brooks PJ, Enoch MA, Goldman D, Li TK & Yokoyama A The alcohol flushing response: an 
unrecognized risk factor for esophageal cancer from alcohol consumption. PLoS Med 6, 0258–
0263 (2009).

55. Edenberg HJ & McClintick JN Alcohol Dehydrogenases, Aldehyde Dehydrogenases, and Alcohol 
Use Disorders: A Critical Review. Alcohol Clin Exp Res 42, 2281–2297 (2018). [PubMed: 
30320893] 

56. Ray LA & Hutchison KE Effects of naltrexone on alcohol sensitivity and genetic moderators 
of medication response: A double-blind placebo-controlled study. Arch Gen Psychiatry 64, 1069–
1077 (2007). [PubMed: 17768272] 

57. Ray LA & Hutchison KE A polymorphism of the μ,-opioid receptor gene (OPRM1) and sensitivity 
to the effects of alcohol in humans. Alcohol Clin Exp Res 28, 1789–1795 (2004). [PubMed: 
15608594] 

58. Schuckit MA A Critical Review of Methods and Results in the Search for Genetic Contributors to 
Alcohol Sensitivity. Alcohol Clin Exp Res 42, 822–835 (2018). [PubMed: 29623680] 

59. Ramchandani VA et al. A genetic determinant of the striatal dopamine response to alcohol in men. 
Mol Psychiatry 16, 809–817 (2011). [PubMed: 20479755] 

60. King AC, de Wit H, McNamara PJ & Cao D Rewarding, stimulant, and sedative alcohol responses 
and relationship to future binge drinking. Arch Gen Psychiatry 68, 389–399 (2011). [PubMed: 
21464363] 

MacKillop et al. Page 27

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://apps.who.int/iris/handle/10665/329393
https://apps.who.int/iris/handle/10665/329393


61. King AC, Hasin D, O’Connor SJ, McNamara PJ & Cao D A prospective 5-year re-examination 
of alcohol response in heavy drinkers progressing in alcohol use disorder. Biol Psychiatry 79, 
489–498 (2016). [PubMed: 26117308] 

62. King A. et al. Subjective Responses to Alcohol in the Development and Maintenance of Alcohol 
Use Disorder. Am J Psychiatry 178, 560–571 (2021). [PubMed: 33397141] 

63. Sanchez-Roige S, Palmer AA & Clarke TK Recent Efforts to Dissect the Genetic Basis of Alcohol 
Use and Abuse. Biol Psychiatry 87, 609–618 (2020). [PubMed: 31733789] 

64. Walters RK et al. Transancestral GWAS of alcohol dependence reveals common genetic 
underpinnings with psychiatric disorders. Nat Neurosci 21, 1656–1669 (2018). [PubMed: 
30482948] 

65. Kranzler HR et al. Genome-wide association study of alcohol consumption and use disorder in 
274,424 individuals from multiple populations. Nat Commun 10, (2019).

66. Zhou H. et al. Genome-wide meta-analysis of problematic alcohol use in 435,563 individuals 
yields insights into biology and relationships with other traits. Nat Neurosci 23, 809–818 (2020). 
[PubMed: 32451486] 

67. Sanchez-Roige S. et al. Genome-wide association study of alcohol use disorder identification test 
(AUDIT) scores in 20 328 research participants of European ancestry. Addiction Biology 24, 
121–131 (2019). [PubMed: 29058377] 

68. Sanchez-Roige S. et al. Genome-wide association study meta-analysis of the alcohol use disorders 
identification test (AUDIT) in two population-based cohorts. American Journal of Psychiatry 176, 
107–118 (2019). [PubMed: 30336701] 

69. Mallard TT et al. Item-Level Genome-Wide Association Study of the Alcohol Use Disorders 
Identification Test in Three Population-Based Cohorts. Am J Psychiatry 179, 58–70 (2022). 
[PubMed: 33985350] 

70. Sanchez-Roige S, Palmer AA & Clarke TK Recent Efforts to Dissect the Genetic Basis of Alcohol 
Use and Abuse. Biol Psychiatry 87, 609–618 (2020). [PubMed: 31733789] 

71. Kuo SIC et al. Mapping Pathways by which Genetic Risk Influences Adolescent Externalizing 
Behavior: The Interplay between Externalizing Polygenic Risk Scores, Parental Knowledge, and 
Peer Substance Use. Behav Genet 51, 543 (2021). [PubMed: 34117972] 

72. Dodge NC, Jacobson JL & Jacobson SW Effects of Fetal Substance Exposure on Offspring 
Substance Use. Pediatr Clin North Am 66, 1149–1161 (2019). [PubMed: 31679604] 

73. Hughes K. et al. The effect of multiple adverse childhood experiences on health: a systematic 
review and meta-analysis. Lancet Public Health 2, e356–e366 (2017). [PubMed: 29253477] 

74. Pilowsky DJ, Keyes KM & Hasin DS Adverse childhood events and lifetime alcohol dependence. 
Am J Public Health 99, 258–263 (2009). [PubMed: 19059847] 

75. Capusan AJ et al. Re-examining the link between childhood maltreatment and substance use 
disorder: a prospective, genetically informative study. Mol Psychiatry 26, 3201–3209 (2021). 
[PubMed: 33824431] 

76. Early Life Stress as a Predictor of Co-Occurring Alcohol Use Disorder and Post-Traumatic Stress 
Disorder - PubMed. https://pubmed.ncbi.nlm.nih.gov/31198654/.

77. Price A, Cook PA, Norgate S & Mukherjee R Prenatal alcohol exposure and traumatic childhood 
experiences: A systematic review. Neurosci Biobehav Rev 80, 89–98 (2017). [PubMed: 28552459] 

78. Hemingway SJA et al. Twin study confirms virtually identical prenatal alcohol exposures can 
lead to markedly different fetal alcohol spectrum disorder outcomes-fetal genetics influences fetal 
vulnerability. Adv Pediatr Res 5, (2018).

79. Rossow I, Keating P, Felix L & Mccambridge J Does parental drinking influence children’s 
drinking? A systematic review of prospective cohort studies. Addiction (Abingdon, England) 111, 
204–217 (2016). [PubMed: 26283063] 

80. Sharmin S. et al. Parental Supply of Alcohol in Childhood and Risky Drinking in Adolescence: 
Systematic Review and Meta-Analysis. Int J Environ Res Public Health 14, (2017).

81. Ryan SM, Jorm AF & Lubman DI Parenting factors associated with reduced adolescent alcohol 
use: a systematic review of longitudinal studies. Aust N Z J Psychiatry 44, 774–83 (2010). 
[PubMed: 20815663] 

MacKillop et al. Page 28

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://pubmed.ncbi.nlm.nih.gov/31198654/


82. Resnick MD et al. Protecting adolescents from harm. Findings from the National Longitudinal 
Study on Adolescent Health. JAMA 278, 823–32 (1997). [PubMed: 9293990] 

83. Johnson V & Pandina RJ Effects of the family environment on adolescent substance use, 
delinquency, and coping styles. Am J Drug Alcohol Abuse 17, 71–88 (1991). [PubMed: 2038985] 

84. Lamis DA, Malone PS, Lansford JE & Lochman JE Maternal depressive symptoms as a predictor 
of alcohol use onset and heavy episodic drinking in youths. J Consult Clin Psychol 80, 887–96 
(2012). [PubMed: 22686123] 

85. Bailey JA, Hill KG, Oesterle S & Hawkins JD Parenting practices and problem behavior across 
three generations: monitoring, harsh discipline, and drug use in the intergenerational transmission 
of externalizing behavior. Dev Psychol 45, 1214–26 (2009). [PubMed: 19702387] 

86. Iacono WG, Malone SM & McGue M Behavioral disinhibition and the development of early-onset 
addiction: common and specific influences. Annu Rev Clin Psychol 4, 325–348 (2008). [PubMed: 
18370620] 

87. Hussong AM, Jones DJ, Stein GL, Baucom DH & Boeding S An internalizing pathway to alcohol 
use and disorder. Psychol Addict Behav 25, 390–404 (2011). [PubMed: 21823762] 

88. Khoury JE, Jamieson B & Milligan K Risk for Childhood Internalizing and Externalizing Behavior 
Problems in the Context of Prenatal Alcohol Exposure: A Meta-Analysis and Comprehensive 
Examination of Moderators. Alcohol Clin Exp Res 42, 1358–1377 (2018).

89. Johnston LD, O’Malley PM & Miech RA Monitoring the Future: national survey results on drug 
use, 1975-2013 —overview, key findings on adolescent drug use. (2014).

90. Grant BF et al. Epidemiology of DSM-5 Alcohol Use Disorder: Results From the National 
Epidemiologic Survey on Alcohol and Related Conditions III. JAMA Psychiatry 72, 757–766 
(2015). [PubMed: 26039070] 

91. Lee MR & Sher KJ ‘Maturing Out’ of Binge and Problem Drinking. Alcohol Res 39, 31–42 
(2018). [PubMed: 30557146] 

92. Maimaris W & McCambridge J Age of first drinking and adult alcohol problems: systematic 
review of prospective cohort studies. J Epidemiol Community Health (1978) 68, 268–274 (2014).

93. Prescott CA & Kendler KS Age at first drink and risk for alcoholism: A noncausal association. 
Alcohol Clin Exp Res 23, 101–107 (1999). [PubMed: 10029209] 

94. Bachman JG et al. The decline of substance use in young adulthood: Changes in social activities, 
role, and beliefs. (Erlbaum., 2002).

95. Gotham HJ, Sher KJ & Wood PK Alcohol involvement and developmental task completion during 
young adulthood. J Stud Alcohol 64, 32–42 (2003). [PubMed: 12608481] 

96. Wood MD, Sher KJ & McGowan AK Collegiate alcohol involvement and role attainment in 
early adulthood: findings from a prospective high-risk study. J Stud Alcohol 61, 278–89 (2000). 
[PubMed: 10757139] 

97. Lee MR, Chassin L & MacKinnon DP Role Transitions and Young Adult Maturing Out of Heavy 
Drinking: Evidence for Larger Effects of Marriage Among More Severe Premarriage Problem 
Drinkers. Alcohol Clin Exp Res (2015) doi:10.1111/acer.12715.

98. Lee MR, Chassin L & Villalta IK Maturing out of alcohol involvement: transitions in latent 
drinking statuses from late adolescence to adulthood. Dev Psychopathol 25, 1137–53 (2013). 
[PubMed: 24229554] 

99. Dawson DA, Grant BF, Stinson FS & Chou PS Maturing out of alcohol dependence: the impact of 
transitional life events. J Stud Alcohol 67, 195–203 (2006). [PubMed: 16568565] 

100. Spanagel R Alcoholism: a systems approach from molecular physiology to addictive behavior. 
Physiol Rev 89, 649–705 (2009). [PubMed: 19342616] 

101. Holmes A, Spanagel R & Krystal JH Glutamatergic targets for new alcohol medications. 
Psychopharmacology (Berl) 229, 539–554 (2013). [PubMed: 23995381] 

102. Spanagel R Alcoholism: a systems approach from molecular physiology to addictive behavior. 
Physiol Rev 89, 649–705 (2009). [PubMed: 19342616] 

103. Heilig M, Egli M, Crabbe JC & Becker HC Acute withdrawal, protracted abstinence and 
negative affect in alcoholism: are they linked? Addiction biology 15, 169–184 (2010). [PubMed: 
20148778] 

MacKillop et al. Page 29

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



104. Heilig M. et al. Reprogramming of mPFC transcriptome and function in alcohol dependence. 
Genes Brain Behav 16, 86–100 (2017). [PubMed: 27657733] 

105. Xiao PR et al. Regional gray matter deficits in alcohol dependence: A meta-analysis of voxel-
based morphometry studies. Drug Alcohol Depend 153, 22–28 (2015). [PubMed: 26072220] 

106. Wise RA & Bozarth MA A psychomotor stimulant theory of addiction. Psychol Rev 94, 469–92 
(1987). [PubMed: 3317472] 

107. Spanagel R, Herz A & Shippenberg TS Opposing tonically active endogenous opioid systems 
modulate the mesolimbic dopaminergic pathway. Proc Natl Acad Sci U S A 89, 2046–2050 
(1992). [PubMed: 1347943] 

108. Tanda G & di Chiara G A dopamine-mu1 opioid link in the rat ventral tegmentum shared by 
palatable food (Fonzies) and non-psychostimulant drugs of abuse. Eur J Neurosci 10, 1179–1187 
(1998). [PubMed: 9753186] 

109. Koob GF Drugs of abuse: anatomy, pharmacology and function of reward pathways. Trends 
Pharmacol Sci 13, 177–184 (1992). [PubMed: 1604710] 

110. Martin CS, Earleywine M, Musty RE, Perrine MW & Swift RM Development and validation of 
the Biphasic Alcohol Effects Scale. Alcohol Clin Exp Res 17, 140–6 (1993). [PubMed: 8452195] 

111. Pohorecky LA Biphasic action of ethanol. Biobehavioral Reviews 1, 231–240 (1977).

112. Koob GF & le Moal M Plasticity of reward neurocircuitry and the ‘dark side’ of drug addiction. 
Nat Neurosci 8, 1442–1444 (2005). [PubMed: 16251985] 

113. Gilpin NW, Herman MA & Roberto M The central amygdala as an integrative hub for anxiety and 
alcohol use disorders. Biol Psychiatry 77, 859–869 (2015). [PubMed: 25433901] 

114. Koob G, Ph D & Kreek MJ Stress, Dysregulation of Drug Reward Pathways, and the Transition to 
Drug Dependence. American journal of psychiatry 164, 1149–1159 (2007). [PubMed: 17671276] 

115. Koob GF Alcoholism, corticotropin-releasing factor, and molecular genetic allostasis. Biol 
Psychiatry 63, 137–8 (2008). [PubMed: 18164903] 

116. Augier E. et al. A molecular mechanism for choosing alcohol over an alternative reward. Science 
360, 1321–1326 (2018). [PubMed: 29930131] 

117. Domi E. et al. A neural substrate of compulsive alcohol use. Sci Adv 7, (2021).

118. Seif T. et al. Cortical activation of accumbens hyperpolarization-active NMDARs mediates 
aversion-resistant alcohol intake. Nat Neurosci 16, 1094–1100 (2013). [PubMed: 23817545] 

119. Siciliano CA et al. A cortical-brainstem circuit predicts and governs compulsive alcohol drinking. 
Science 366, 1008–1012 (2019). [PubMed: 31754002] 

120. Heilig M, Goldman D, Berrettini W & O’Brien CP Pharmacogenetic approaches to the treatment 
of alcohol addiction. Nat Rev Neurosci 12, 670–684 (2011). [PubMed: 22011682] 

121. Goldstein RZ & Volkow ND Dysfunction of the prefrontal cortex in addiction: neuroimaging 
findings and clinical implications. Nat Rev Neurosci 12, 652–669 (2011). [PubMed: 22011681] 

122. Sullivan E. v. & Pfefferbaum A Brain-behavior relations and effects of aging and common 
comorbidities in alcohol use disorder: A review. Neuropsychology 33, 760–780 (2019). 
[PubMed: 31448945] 

123. Fritz M, Klawonn AM & Zahr NM Neuroimaging in alcohol use disorder: From mouse to man. (J 
Neurosci Res, 2019).

124. Lees B. et al. Promising vulnerability markers of substance use and misuse: A review of human 
neurobehavioral studies. Neuropharmacology 187, 10850 (2021).

125. Schumann G. et al. The IMAGEN study: reinforcement-related behaviour in normal brain 
function and psychopathology. Molecular Psychiatry 2010 15:12 15, 1128–1139 (2010).

126. Volkow ND et al. The conception of the ABCD study: From substance use to a broad NIH 
collaboration. Dev Cogn Neurosci 32, 4–7 (2018). [PubMed: 29051027] 

127. Brown SA et al. The National Consortium on Alcohol and NeuroDevelopment in Adolescence 
(NCANDA): A Multisite Study of Adolescent Development and Substance Use. J Stud Alcohol 
Drugs 76, 895–908 (2015). [PubMed: 26562597] 

128. Schacht JP, Anton RF & Myrick H Functional neuroimaging studies of alcohol cue reactivity: 
a quantitative meta-analysis and systematic review. Addict Biol 18, 121–133 (2013). [PubMed: 
22574861] 

MacKillop et al. Page 30

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



129. Courtney KE, Schacht JP, Hutchison K, Roche DJ & Ray LA Neural substrates of cue reactivity: 
association with treatment outcomes and relapse. Addict Biol 21, 3–22 (2016). [PubMed: 
26435524] 

130. Bach P. et al. Incubation of neural alcohol cue reactivity after withdrawal and its blockade by 
naltrexone. Addict Biol 25, 1 (2020).

131. Karl D. et al. Nalmefene attenuates neural alcohol cue-reactivity in the ventral striatum and 
subjective alcohol craving in patients with alcohol use disorder. Psychopharmacology (Berl) 238, 
2179–2189 (2021). [PubMed: 33846866] 

132. Wrase J. et al. Dysfunction of reward processing correlates with alcohol craving in detoxified 
alcoholics. Neuroimage 35, 787–794 (2007). [PubMed: 17291784] 

133. Murphy A. et al. Acute D3 Antagonist GSK598809 Selectively Enhances Neural 
Response During Monetary Reward Anticipation in Drug and Alcohol Dependence. 
Neuropsychopharmacology 42, 7 (2017).

134. Zhang R & Volkow ND Brain default-mode network dysfunction in addiction. Neuroimage 200, 
313–331 (2019). [PubMed: 31229660] 

135. Orban C. et al. Chronic alcohol exposure differentially modulates structural and functional 
properties of amygdala: A cross-sectional study. Addiction Biology 26, e12980 (2021).

136. Urban NBL et al. Sex differences in striatal dopamine release in young adults after oral alcohol 
challenge: A positron emission tomography imaging study with [ 11C]raclopride. Biol Psychiatry 
68, 689–696 (2010). [PubMed: 20678752] 

137. Hansson AC et al. Dopamine and opioid systems adaptation in alcoholism revisited: Convergent 
evidence from positron emission tomography and postmortem studies. Neurosci Biobehav Rev 
106, 141–164 (2019). [PubMed: 30243576] 

138. Erritzoe D. et al. In vivo imaging of cerebral dopamine D3 receptors in alcoholism. 
Neuropsychopharmacology 39, 1703–1712 (2014). [PubMed: 24469594] 

139. Heinz A. et al. Correlation of stable elevations in striatal mu-opioid receptor availability in 
detoxified alcoholic patients with alcohol craving: a positron emission tomography study using 
carbon 11-labeled carfentanil. Arch Gen Psychiatry 62, 57–64 (2005). [PubMed: 15630073] 

140. Hermann D. et al. Low mu-Opioid Receptor Status in Alcohol Dependence 
Identified by Combined Positron Emission Tomography and Post-Mortem Brain Analysis. 
Neuropsychopharmacology 42, 606–614 (2017). [PubMed: 27510425] 

141. Turton S. et al. Blunted endogenous opioid release following an oral dexamphetamine challenge 
in abstinent alcohol-dependent individuals. Mol Psychiatry 25, 1749–1758 (2020). [PubMed: 
29942043] 

142. Verplaetse TL, Cosgrove KP, Tanabe J & McKee SA Sex/gender differences in brain function and 
structure in alcohol use: A narrative review of neuroimaging findings over the last 10 years. J 
Neurosci Res 99, 309–323 (2021). [PubMed: 32333417] 

143. Grace S. et al. Sex differences in the neuroanatomy of alcohol dependence: hippocampus and 
amygdala subregions in a sample of 966 people from the ENIGMA Addiction Working Group. 
Transl Psychiatry 11, 1 (2021). [PubMed: 33414379] 

144. Qi S. et al. Reward Processing in Novelty Seekers: A Transdiagnostic Psychiatric Imaging 
Biomarker. Biol Psychiatry 90, 529–539 (2021). [PubMed: 33875230] 

145. Bigelow GE An Operant Behavioral Perspective on Alcohol Abuse and Dependence. in 
International Handbook of Alcohol Dependence and Problems (eds. Heather N, Peters TJ & 
Stockwell T) 299–315 (John Wiley & Sons, LTD, 2001).

146. Higgins ST, Heil SH & Lussier JP Clinical implications of reinforcement as a determinant of 
substance use disorders. Annu Rev Psychol 55, 431–461 (2004). [PubMed: 14744222] 

147. Bickel WK, Johnson MW, Koffarnus MN, MacKillop J & Murphy JG The behavioral economics 
of substance use disorders: reinforcement pathologies and their repair. Annu Rev Clin Psychol 
10, 641–77 (2014). [PubMed: 24679180] 

148. Mello NK & Mendelson JH Operant Analysis of Drinking Patterns of Chronic Alcoholics. Nature 
206, 43–46 (1965). [PubMed: 14334359] 

149. Mendelson JH & Mello NK Experimental analysis of drinking behavior of chronic alcoholics. 
Ann N Y Acad Sci 133, 828–845 (1966). [PubMed: 5230199] 

MacKillop et al. Page 31

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



150. Petry NM Delay discounting of money and alcohol in actively using alcoholics, currently 
abstinent alcoholics, and controls. Psychopharmacology (Berl) 154, 243–250 (2001). [PubMed: 
11351931] 

151. MacKillop J. et al. Alcohol Demand, Delayed Reward Discounting, and Craving in Relation to 
Drinking and Alcohol Use Disorders. J Abnorm Psychol 119, (2010).

152. Mackillop J The Behavioral Economics and Neuroeconomics of Alcohol Use Disorders. Alcohol 
Clin Exp Res 40, (2016).

153. MacKillop J. et al. Delayed reward discounting and addictive behavior: a meta-analysis. 
Psychopharmacology (Berl) 216, 305–321 (2011). [PubMed: 21373791] 

154. Amlung M, Vedelago L, Acker J, Balodis I & MacKillop J Steep delay discounting and addictive 
behavior: a meta-analysis of continuous associations. Addiction 112, 51–62 (2017).

155. Martínez-Loredo V, González-Roz A, Secades-Villa R, Fernández-Hermida JR & MacKillop 
J Concurrent validity of the Alcohol Purchase Task for measuring the reinforcing efficacy of 
alcohol: an updated systematic review and meta-analysis. Addiction (Abingdon, England) 116, 
2635–2650 (2021). [PubMed: 33338263] 

156. Acuff SF, Dennhardt AA, Correia CJ & Murphy JG Measurement of substance-free reinforcement 
in addiction: A systematic review. Clin Psychol Rev 70, 79–90 (2019). [PubMed: 30991244] 

157. Carter BL & Tiffany ST Meta-analysis of cue-reactivity in addiction research. Addiction 94, 
327–340 (1999). [PubMed: 10605857] 

158. MacKillop J. et al. Behavioral economic analysis of cue-elicited craving for alcohol. Addiction 
(Abingdon, England) 105, 1599–607 (2010). [PubMed: 20626376] 

159. Bouton ME, Maren S & McNally GP BEHAVIORAL AND NEUROBIOLOGICAL 
MECHANISMS OF PAVLOVIAN AND INSTRUMENTAL EXTINCTION LEARNING. 
Physiol Rev 101, 611–681 (2021). [PubMed: 32970967] 

160. Bouton ME Context, attention, and the switch between habit and goal-direction in behavior. Learn 
Behav 49, 349–362 (2021). [PubMed: 34713424] 

161. Hogarth L Addiction is driven by excessive goal-directed drug choice under negative affect: 
translational critique of habit and compulsion theory. Neuropsychopharmacology 2020 45:5 45, 
720–735 (2020).

162. Brown SA, Christiansen BA & Goldman MS The Alcohol Expectancy Questionnaire: an 
instrument for the assessment of adolescent and adult alcohol expectancies. J Stud Alcohol 48, 
483–91 (1987). [PubMed: 3669677] 

163. Darkes J, Greenbaum PE & Goldman MS Alcohol expectancy mediation of biopsychosocial 
risk: complex patterns of mediation. Exp Clin Psychopharmacol 12, 27–38 (2004). [PubMed: 
14769097] 

164. Smith GT, Goldman MS, Greenbaum PE & Christiansen BA Expectancy for social facilitation 
from drinking: the divergent paths of high-expectancy and low-expectancy adolescents. J 
Abnorm Psychol 104, 32–40 (1995). [PubMed: 7897051] 

165. Christiansen BA, Smith GT, Roehling P. v & Goldman MS Using alcohol expectancies to predict 
adolescent drinking behavior after one year. J Consult Clin Psychol 57, 93–9 (1989). [PubMed: 
2925979] 

166. Cooper ML, Frone MR, Russell M & Mudar P Drinking to regulate positive and negative 
emotions: a motivational model of alcohol use. J Pers Soc Psychol 69, 990–1005 (1995). 
[PubMed: 7473043] 

167. Ward LC, Kersh BC & Shanks D Psychometric assessment of motives for using cocaine in men 
with substance use disorders. Psychol Rep 80, 189–90 (1997). [PubMed: 9122325] 

168. Jones RE, Spradlin A, Robinson RJ & Tragesser SL Development and validation of the opioid 
prescription medication motives questionnaire: a four-factor model of reasons for use. Psychol 
Addict Behav 28, 1290–6 (2014). [PubMed: 25180561] 

169. Simons J, Correia CJ & Carey KB A comparison of motives for marijuana and alcohol use among 
experienced users. Addictive behaviors 25, 153–60. [PubMed: 10708331] 

170. Kuntsche E, Knibbe R, Gmel G & Engels R Why do young people drink? A review of drinking 
motives. Clin Psychol Rev 25, 841–861 (2005). [PubMed: 16095785] 

MacKillop et al. Page 32

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



171. Rooke SE, Hine DW & Thorsteinsson EB Implicit cognition and substance use: a meta-analysis. 
Addictive behaviors 33, 1314–28 (2008). [PubMed: 18640788] 

172. Kahler CW, Daughters SB, Leventhal AM, Gwaltney CJ & Palfai TP Implicit associations 
between smoking and social consequences among smokers in cessation treatment. Behaviour 
research and therapy 45, 2066–77 (2007). [PubMed: 17448442] 

173. Carpenter KM, Martinez D, Vadhan NP, Barnes-Holmes D & Nunes E. v. Measures of attentional 
bias and relational responding are associated with behavioral treatment outcome for cocaine 
dependence. Am J Drug Alcohol Abuse 38, 146–54 (2012). [PubMed: 22220556] 

174. Jarmolowicz DP et al. Executive Dysfunction in Addiction. in The Wiley-
Blackwell Handbook of Addiction Psychopharmacology 27–61 (Wiley-Blackwell, 2013). 
doi:10.1002/9781118384404.ch2.

175. Ray L. a, MacKillop J, Leventhal A & Hutchison KE Catching the alcohol buzz: an examination 
of the latent factor structure of subjective intoxication. Alcohol Clin Exp Res 33, 2154–61 
(2009). [PubMed: 19764932] 

176. Quinn PD & Fromme K Subjective Response to Alcohol Challenge: A Quantitative Review. 
Alcohol Clin Exp Res (2011) doi:10.1111/j.1530-0277.2011.01521.x.

177. Schuckit MA A longitudinal study of children of alcoholics. Recent Dev Alcohol 9, 5–19 (1991). 
[PubMed: 1758993] 

178. Schuckit MA Biological, psychological and environmental predictors of the alcoholism risk: a 
longitudinal study. J Stud Alcohol 59, 485–494 (1998). [PubMed: 9718100] 

179. King AC, de Wit H, McNamara PJ & Cao D Rewarding, stimulant, and sedative alcohol 
responses and relationship to future binge drinking. Arch Gen Psychiatry 68, 389–99 (2011). 
[PubMed: 21464363] 

180. Hendershot CS, Wardell JD, McPhee MD & Ramchandani VA A prospective study of genetic 
factors, human laboratory phenotypes, and heavy drinking in late adolescence. Addiction biology 
(2016) doi:10.1111/adb.12397.

181. Sher KJ & Trull TJ Personality and disinhibitory psychopathology: alcoholism and antisocial 
personality disorder. J Abnorm Psychol 103, 92–102 (1994). [PubMed: 8040486] 

182. Malouff JM, Thorsteinsson EB, Rooke SE & Schutte NS Alcohol involvement and the Five-
Factor model of personality: a meta-analysis. J Drug Educ 37, 277–94 (2007). [PubMed: 
18047183] 

183. Malouff JM, Thorsteinsson EB & Schutte NS The five-factor model of personality and smoking: a 
meta-analysis. J Drug Educ 36, 47–58 (2006). [PubMed: 16981639] 

184. Kotov R, Gamez W, Schmidt F & Watson D Linking ‘big’ personality traits to anxiety, depressive, 
and substance use disorders: a meta-analysis. Psychol Bull 136, 768–821 (2010). [PubMed: 
20804236] 

185. Maclaren V. v, Fugelsang JA, Harrigan KA & Dixon MJ The personality of pathological 
gamblers: a meta-analysis. Clin Psychol Rev 31, 1057–67 (2011). [PubMed: 21802620] 

186. Patton JH, Stanford MS & Barratt ES Factor structure of the Barratt impulsiveness scale. J Clin 
Psychol 51, 768–774 (1995). [PubMed: 8778124] 

187. Whiteside SP & Lynam DR The Five Factor Model and impulsivity: using a structural model of 
personality to understand impulsivity. Pers Individ Dif 30, 669–689 (2001).

188. Cyders MA, Littlefield AK, Coffey S & Karyadi KA Examination of a short English version 
of the UPPS-P Impulsive Behavior Scale. Addictive behaviors 39, 1372–6 (2014). [PubMed: 
24636739] 

189. Coskunpinar A, Dir AL & Cyders MA Multidimensionality in impulsivity and alcohol use: a 
meta-analysis using the UPPS model of impulsivity. Alcohol Clin Exp Res 37, 1441–50 (2013). 
[PubMed: 23578176] 

190. MacKillop J. et al. The latent structure of impulsivity: impulsive choice, impulsive action, and 
impulsive personality traits. Psychopharmacology (Berl) (2016).

191. Dick DM et al. Understanding the construct of impulsivity and its relationship to alcohol use 
disorders. Addiction biology 15, 217–26 (2010). [PubMed: 20148781] 

192. Fernie G. et al. Multiple behavioural impulsivity tasks predict prospective alcohol involvement in 
adolescents. Addiction 108, 1916–1923 (2013). [PubMed: 23795646] 

MacKillop et al. Page 33

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



193. Sanchez-Roige S. et al. Genome-wide association study of delay discounting in 23,217 adult 
research participants of European ancestry. Nat Neurosci 21, 16–18 (2018). [PubMed: 29230059] 

194. MacKillop J. et al. The Brief Alcohol Social Density Assessment (BASDA): Convergent, 
Criterion-related and Incremental Validity. J Stud Alcohol Drugs.

195. Fortune EE et al. Social Density of Gambling and Its Association with Gambling Problems: 
An Initial Investigation. Journal of gambling studies / co-sponsored by the National Council on 
Problem Gambling and Institute for the Study of Gambling and Commercial Gaming (2012) 
doi:10.1007/s10899-012-9303-3.

196. Borgatti SP, Mehra A, Brass DJ & Labianca G Network analysis in the social sciences. Science 
323, 892–5 (2009). [PubMed: 19213908] 

197. Rosenquist JN Lessons from social network analyses for behavioral medicine. Curr Opin 
Psychiatry 24, 139–43 (2011). [PubMed: 21285704] 

198. Burt RS, Kilduff M & Tasselli S Social network analysis: foundations and frontiers on advantage. 
Annu Rev Psychol 64, 527–47 (2013). [PubMed: 23282056] 

199. Rosenquist JN, Murabito J, Fowler JH & Christakis NA The spread of alcohol consumption 
behavior in a large social network. Ann Intern Med 152, 426–433 (2010). [PubMed: 20368648] 

200. Bullers S, Cooper ML & Russell M Social network drinking and adult alcohol involvement: a 
longitudinal exploration of the direction of influence. Addictive behaviors 26, 181–99. [PubMed: 
11316376] 

201. Lau-Barraco C, Braitman AL, Leonard KE & Padilla M Drinking buddies and their prospective 
influence on alcohol outcomes: alcohol expectancies as a mediator. Psychol Addict Behav 26, 
747–58 (2012). [PubMed: 22732054] 

202. Fujimoto K & Valente TW Social network influences on adolescent substance use: disentangling 
structural equivalence from cohesion. Soc Sci Med 74, 1952–60 (2012). [PubMed: 22475405] 

203. Ennett ST et al. The peer context of adolescent substance use: Findings from social network 
analysis. Journal of Research on Adolescence 16, 159–186 (2006).

204. Meisel MK et al. Egocentric social network analysis of pathological gambling. Addiction 
(Abingdon, England) 108, 584–91 (2013). [PubMed: 23072641] 

205. Stout RL, Kelly JF, Magill M & Pagano ME Association between social influences and drinking 
outcomes across three years. J Stud Alcohol Drugs 73, 489–97 (2012). [PubMed: 22456254] 

206. Longabaugh R, Wirtz PW, Zywiak WH & O’Malley SS Network support as a prognostic indicator 
of drinking outcomes: the COMBINE Study. J Stud Alcohol Drugs 71, 837–46 (2010). [PubMed: 
20946740] 

207. Kelly JF, Stout RL, Magill M & Tonigan JS The role of Alcoholics Anonymous in mobilizing 
adaptive social network changes: a prospective lagged mediational analysis. Drug Alcohol 
Depend 114, 119–26 (2011). [PubMed: 21035276] 

208. Litt MD, Kadden RM, Kabela-Cormier E & Petry N Changing network support for drinking: 
initial findings from the network support project. J Consult Clin Psychol 75, 542–555 (2007). 
[PubMed: 17663609] 

209. Litt MD, Kadden RM, Kabela-Cormier E & Petry NM Changing network support for drinking: 
network support project 2-year follow-up. J Consult Clin Psychol 77, 229–242 (2009). [PubMed: 
19309183] 

210. Agrawal A. et al. Assortative mating for cigarette smoking and for alcohol consumption in female 
Australian twins and their spouses. Behav Genet 36, 553–66 (2006). [PubMed: 16710775] 

211. Grant JD et al. Spousal concordance for alcohol dependence: evidence for assortative mating or 
spousal interaction effects? Alcohol Clin Exp Res 31, 717–28 (2007). [PubMed: 17378921] 

212. Leonard KE & Eiden RD Marital and family processes in the context of alcohol use and alcohol 
disorders. Annu Rev Clin Psychol 3, 285–310 (2007). [PubMed: 17716057] 

213. Russell AM, Yu B, Thompson CG, Sussman SY & Barry AE Assessing the relationship between 
youth religiosity and their alcohol use: A meta-analysis from 2008 to 2018. Addictive behaviors 
106, (2020).

214. Lin HC, Hu YH, Barry AE & Russell A Assessing the Associations between Religiosity and 
Alcohol Use Stages in a Representative U.S. Sample. Subst Use Misuse 55, 1618–1624 (2020). 
[PubMed: 32362219] 

MacKillop et al. Page 34

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



215. AlMarri TSK & Oei TPS Alcohol and substance use in the Arabian Gulf region: a review. Int J 
Psychol 44, 222–33 (2009). [PubMed: 22029498] 

216. Roberts SCM Macro-level gender equality and alcohol consumption: a multi-level analysis across 
U.S. States. Soc Sci Med 75, 60–8 (2012). [PubMed: 22521679] 

217. Chaloupka FJ, Yurekli A & Fong GT Tobacco taxes as a tobacco control strategy. Tob Control 21, 
172–80 (2012). [PubMed: 22345242] 

218. Wagenaar AC, Salois MJ & Komro KA Effects of beverage alcohol price and tax levels on 
drinking: a meta-analysis of 1003 estimates from 112 studies. Addiction (Abingdon, England) 
104, 179–90 (2009). [PubMed: 19149811] 

219. Xuan Z, Blanchette J, Nelson TF, Heeren T & Oussayef N The alcohol policy environment and 
policy subgroups as predictors of binge drinking measures among US adults. Am J Public Health 
105, 816–822 (2015). [PubMed: 25122017] 

220. Subbaraman MS et al. Relationships between US state alcohol policies and alcohol outcomes: 
differences by gender and race/ethnicity. Addiction (Abingdon, England) 115, 1285–1294 
(2020). [PubMed: 32026511] 

221. Bridging the Gap between Practice and Research: Forging Partnerships with Community-Based 
Drug and Alcohol Treatment - PubMed - NCBI. http://www.ncbi.nlm.nih.gov/pubmed/25101381.

222. Oliva EM, Maisel NC, Gordon AJ & Harris AHS Barriers to use of pharmacotherapy for 
addiction disorders and how to overcome them. Curr Psychiatry Rep 13, 374–81 (2011). 
[PubMed: 21773951] 

223. Carroll KM Lost in translation? Moving contingency management and cognitive behavioral 
therapy into clinical practice. Ann N Y Acad Sci 1327, 94–111 (2014). [PubMed: 25204847] 

224. Room R Stigma, social inequality and alcohol and drug use. Drug Alcohol Rev 24, 143–155 
(2005). [PubMed: 16076584] 

225. Xu Y. et al. The socioeconomic gradient of alcohol use: an analysis of nationally representative 
survey data from 55 low-income and middle-income countries. Lancet Glob Health 10, e1268–
e1280 (2022). [PubMed: 35961350] 

226. Roche A. et al. Addressing inequities in alcohol consumption and related harms. Health Promot 
Int 30 Suppl 2, ii20–ii35 (2015). [PubMed: 26420810] 

227. American Psychiatric Association. Structured Clinical Interview for DSM-5: Research Version. 
(American Psychiatric Association Publishing, 2015).

228. Schneider LH et al. The Diagnostic Assessment Research Tool in action: A preliminary 
evaluation of a semistructured diagnostic interview for DSM-5 disorders. Psychol Assess 34, 
21–29 (2022). [PubMed: 34383547] 

229. Hallgren KA et al. Practical Assessment of Alcohol Use Disorder in Routine Primary Care: 
Performance of an Alcohol Symptom Checklist. J Gen Intern Med 37, 1885–1893 (2022). 
[PubMed: 34398395] 

230. Hallgren KA et al. Practical assessment of DSM-5 alcohol use disorder criteria in routine care: 
High test-retest reliability of an Alcohol Symptom Checklist. Alcohol Clin Exp Res 46, 458–467 
(2022). [PubMed: 35275415] 

231. Levitt EE et al. Optimizing screening for depression, anxiety disorders, and post-traumatic stress 
disorder in inpatient addiction treatment: A preliminary investigation. Addictive behaviors 112, 
(2021).

232. Spanakis P. et al. Problem drinking recognition among UK military personnel: prevalence and 
associations. Soc Psychiatry Psychiatr Epidemiol (2022) doi:10.1007/S00127-022-02306-X.

233. Roberts E. et al. The prevalence of wholly attributable alcohol conditions in the United Kingdom 
hospital system: a systematic review, meta-analysis and meta-regression. Addiction 114, 1726–
1737 (2019). [PubMed: 31269539] 

234. Curry SJ et al. Screening and Behavioral Counseling Interventions to Reduce Unhealthy Alcohol 
Use in Adolescents and Adults: US Preventive Services Task Force Recommendation Statement. 
JAMA 320, 1899–1909 (2018). [PubMed: 30422199] 

235. Grant BF et al. Epidemiology of DSM-5 Alcohol Use Disorder: Results From the National 
Epidemiologic Survey on Alcohol and Related Conditions III. JAMA Psychiatry 72, 757–766 
(2015). [PubMed: 26039070] 

MacKillop et al. Page 35

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/25101381


236. McNeely J. et al. Comparison of Methods for Alcohol and Drug Screening in Primary Care 
Clinics. JAMA Netw Open 4, E2110721 (2021). [PubMed: 34014326] 

237. Singh JA & Cleveland JD Trends in Hospitalizations for Alcohol Use Disorder in the US From 
1998 to 2016. JAMA Netw Open 3, e2016580 (2020). [PubMed: 32955569] 

238. Sword W. et al. Screening and Intervention Practices for Alcohol Use by Pregnant Women and 
Women of Childbearing Age: Results of a Canadian Survey. J Obstet Gynaecol Can 42, 1121–
1128 (2020). [PubMed: 32694074] 

239. Brothers TD & Bach P Challenges in Prediction, Diagnosis, and Treatment of Alcohol 
Withdrawal in Medically Ill Hospitalized Patients: A Teachable Moment. JAMA Intern Med 
180, 900–901 (2020). [PubMed: 32338709] 

240. Göransson M, Magnusson Å & Heilig M Identifying hazardous alcohol consumption during 
pregnancy: implementing a research-based model in real life. Acta Obstet Gynecol Scand 85, 
657–662 (2006). [PubMed: 16752255] 

241. Sterling SA et al. Associations Between Medical Conditions and Alcohol Consumption Levels 
in an Adult Primary Care Population. JAMA Netw Open 3, e204687–e204687 (2020). [PubMed: 
32401315] 

242. Roberts E. et al. National administrative record linkage between specialist community drug 
and alcohol treatment data (the National Drug Treatment Monitoring System (NDTMS)) and 
inpatient hospitalisation data (Hospital Episode Statistics (HES)) in England: design, method and 
evaluation. BMJ Open 10, (2020).

243. Anderson P, O’Donnell A & Kaner E Managing Alcohol Use Disorder in Primary Health Care. 
Curr Psychiatry Rep 19, (2017).

244. Bobb JF et al. Evaluation of a Pilot Implementation to Integrate Alcohol-Related Care within 
Primary Care. Int J Environ Res Public Health 14, (2017).

245. Johnson M, Jackson R, Guillaume L, Meier P & Goyder E Barriers and facilitators to 
implementing screening and brief intervention for alcohol misuse: a systematic review of 
qualitative evidence. J Public Health (Oxf) 33, 412–421 (2011). [PubMed: 21169370] 

246. Chan P. S. fong et al. Using Consolidated Framework for Implementation Research to investigate 
facilitators and barriers of implementing alcohol screening and brief intervention among primary 
care health professionals: a systematic review. Implement Sci 16, (2021).

247. Vaca FE & Winn D The Basics of Alcohol Screening, Brief Intervention and Referral to 
Treatment in the Emergency Department. Western Journal of Emergency Medicine 8, 88 (2007). 
[PubMed: 19561690] 

248. Solberg LI, Maciosek M. v. & Edwards NM Primary care intervention to reduce alcohol misuse 
ranking its health impact and cost effectiveness. Am J Prev Med 34, (2008).

249. Miller WR & Rollnick S Motivational Interviewing: Helping People Change. (Guilford Press, 
2013).

250. Reed MB et al. Results of a randomized trial of screening, brief intervention, and referral 
to treatment (SBIRT) to reduce alcohol misuse among active-duty military personnel. J Stud 
Alcohol Drugs 82, 269–278 (2021). [PubMed: 33823974] 

251. Glass JE et al. Specialty substance use disorder services following brief alcohol intervention: a 
meta-analysis of randomized controlled trials. Addiction (Abingdon, England) 110, 1404–1415 
(2015). [PubMed: 25913697] 

252. Frost MC, Glass JE, Bradley KA & Williams EC Documented brief intervention associated 
with reduced linkage to specialty addictions treatment in a national sample of VA patients with 
unhealthy alcohol use with and without alcohol use disorders. Addiction (Abingdon, England) 
115, 668–678 (2020). [PubMed: 31642124] 

253. Olmstead TA et al. The short-term impact on economic outcomes of SBIRT interventions 
implemented in reproductive health care settings. J Subst Abuse Treat 120, (2021).

254. Leggio L & Lee MR Treatment of Alcohol Use Disorder in Patients with Alcoholic Liver Disease. 
Am J Med 130, 124–134 (2017). [PubMed: 27984008] 

255. Fairbairn CE & Bosch N A new generation of transdermal alcohol biosensing technology: 
practical applications, machine -learning analytics and questions for future research. Addiction 
(Abingdon, England) 116, 2912–2920 (2021). [PubMed: 33908674] 

MacKillop et al. Page 36

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



256. Walsham NE & Sherwood RA Ethyl glucuronide and ethyl sulfate. Adv Clin Chem 67, 47–71 
(2014). [PubMed: 25735859] 

257. Philibert R. et al. Genome-wide and digital polymerase chain reaction epigenetic assessments of 
alcohol consumption. Am J Med Genet B Neuropsychiatr Genet 177, 479–488 (2018). [PubMed: 
29704316] 

258. Miller S, A Mills J, Long J & Philibert R A Comparison of the Predictive Power of 
DNA Methylation with Carbohydrate Deficient Transferrin for Heavy Alcohol Consumption. 
Epigenetics 16, 969 (2021). [PubMed: 33100127] 

259. The SAFER technical package. https://www.who.int/publications/i/item/the-safer-technical-
package.

260. Stockwell T, Giesbrecht N, Vallance K & Wettlaufer A Government Options to Reduce the 
Impact of Alcohol on Human Health: Obstacles to Effective Policy Implementation. Nutrients 13, 
(2021).

261. Sandmo A Pigouvian Taxes. in The New Palgrave Dictionary of Economics 1–4 (Palgrave 
Macmillan UK, 2008). doi:10.1057/978-1-349-95121-5_2678-1.

262. Chaloupka FJ, Powell LM & Warner KE The Use of Excise Taxes to Reduce Tobacco, Alcohol, 
and Sugary Beverage Consumption. Annu Rev Public Health 40, 187–201 (2019). [PubMed: 
30601721] 

263. Alcohol and drugs: Minimum unit pricing - gov.scot https://www.gov.scot/policies/alcohol-and-
drugs/minimum-unit-pricing/.

264. Boniface S, Scannell JW & Marlow S Evidence for the effectiveness of minimum pricing of 
alcohol: a systematic review and assessment using the Bradford Hill criteria for causality. BMJ 
Open 7, (2017).

265. Jones-Webb R. et al. The Effectiveness of Alcohol Impact Areas in Reducing Crime in 
Washington Neighborhoods. Alcohol Clin Exp Res 45, 234–241 (2021). [PubMed: 33443773] 

266. Nepal S. et al. Effects of extensions and restrictions in alcohol trading hours on the incidence 
of assault and unintentional injury: Systematic review. J Stud Alcohol Drugs 81, 5–23 (2020). 
[PubMed: 32048597] 

267. Wagenaar AC & Toomey TL Effects of minimum drinking age laws: review and analyses of the 
literature from 1960 to 2000. J Stud Alcohol Suppl 63, 206–225 (2002).

268. Green R, Jason H & Ganz D Underage drinking: does the minimum age drinking law offer 
enough protection? Int J Adolesc Med Health 27, 117–128 (2015). [PubMed: 25924229] 

269. Inchley J. et al. Spotlight on adolescent health and well-being. Findings from the 2017/2018 
Health Behaviour in School-aged Children (HBSC) survey in Europe and Canada. International 
report. Volume 1. Key findings. WHO Regional Officce for Europe 1, 58 (2020).

270. Johnston LD et al. Sponsored by The National Institute on Drug Abuse at The National Institutes 
of Health.

271. The Lancet. Russia’s alcohol policy: a continuing success story. The Lancet 394, 1205 (2019).

272. Lynam DR et al. Project DARE: no effects at 10-year follow-up. J Consult Clin Psychol 67, 
590–593 (1999). [PubMed: 10450631] 

273. Burton R. et al. A rapid evidence review of the effectiveness and cost-effectiveness of alcohol 
control policies: an English perspective. Lancet 389, 1558–1580 (2017). [PubMed: 27919442] 

274. Kristjansson AL et al. Population trends in smoking, alcohol use and primary prevention variables 
among adolescents in Iceland, 1997–2014. Addiction 111, 645–652 (2016). [PubMed: 26614684] 

275. Agabio R. et al. Alcohol Consumption Is a Modifiable Risk Factor for Breast Cancer: Are Women 
Aware of This Relationship? Alcohol Alcohol (2021) doi:10.1093/ALCALC/AGAB042.

276. D’Amico EJ & Feldstein Ewing SW Prevention in school, primary care, and community-based 
settings. in The Oxford Handbook of Adolescent Substance Abuse (eds. Zucker RA & Brown 
SA) (Oxford University Press, 2016).

277. Fachini A, Aliane PP, Martinez EZ & Furtado EF Efficacy of brief alcohol screening intervention 
for college students (BASICS): a meta-analysis of randomized controlled trials. Subst Abuse 
Treat Prev Policy 7, 40 (2012). [PubMed: 22967716] 

MacKillop et al. Page 37

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.who.int/publications/i/item/the-safer-technical-package
https://www.who.int/publications/i/item/the-safer-technical-package
https://www.gov.scot/policies/alcohol-and-drugs/minimum-unit-pricing/
https://www.gov.scot/policies/alcohol-and-drugs/minimum-unit-pricing/


278. Edalati H & Conrod PJ A Review of Personality-Targeted Interventions for Prevention of 
Substance Misuse and Related Harm in Community Samples of Adolescents. Front Psychiatry 9, 
(2019).

279. Berglund G. et al. Long-term outcome of the Malmö preventive project: mortality and 
cardiovascular morbidity. J Intern Med 247, 19–29 (2000). [PubMed: 10672127] 

280. NIAAA Recovery Research Definitions ∣ National Institute on Alcohol Abuse 
and Alcoholism (NIAAA). https://www.niaaa.nih.gov/research/niaaa-recovery-from-alcohol-use-
disorder/definitions.

281. Witkiewitz K. et al. Clinical Validation of Reduced Alcohol Consumption After Treatment for 
Alcohol Dependence Using the World Health Organization Risk Drinking Levels. Alcohol Clin 
Exp Res 41, 179–186 (2017). [PubMed: 28019652] 

282. Hartwell EE, Feinn R, Witkiewitz K, Pond T & Kranzler HR World Health Organization risk 
drinking levels as a treatment outcome measure in topiramate trials. Alcohol Clin Exp Res (2021) 
doi:10.1111/acer.14652.

283. Preusse M, Neuner F & Ertl V Effectiveness of Psychosocial Interventions Targeting Hazardous 
and Harmful Alcohol Use and Alcohol-Related Symptoms in Low- and Middle-Income 
Countries: A Systematic Review. Front. Psychiatry 11, 768 (2020). [PubMed: 32903779] 

284. Day E & Daly C Clinical management of the alcohol withdrawal syndrome. Addiction 
(Abingdon, England) 117, 804–814 (2022). [PubMed: 34288186] 

285. Reus VI & others. The American Psychiatric Association Practice Guideline for the 
Pharmacological Treatment of Patients With Alcohol Use Disorder. Am. J. Psychiatry 175, 86–90 
(2018). [PubMed: 29301420] 

286. Agabio R & Leggio L Thiamine administration to all patients with alcohol use disorder: why not? 
Am J Drug Alcohol Abuse 47, 651–654 (2021). [PubMed: 34710331] 

287. Reus VI et al. The American Psychiatric Association Practice Guideline for the Pharmacological 
Treatment of Patients With Alcohol Use Disorder. 10.1176/appi.ajp.2017.1750101 175, 86–90 
(2018).

288. Skinner MD, Lahmek P, Pham H & Aubin HJ Disulfiram efficacy in the treatment of alcohol 
dependence: a meta-analysis. PLoS One 9, (2014).

289. Jørgensen CH, Pedersen B & Tønnesen H The efficacy of disulfiram for the treatment of alcohol 
use disorder. Alcohol Clin Exp Res 35, 1749–1758 (2011). [PubMed: 21615426] 

290. Jonas DE & others. Pharmacotherapy for adults with alcohol use disorders in outpatient settings: 
a systematic review and meta-analysis. JAMA 311, 1889–1900 (2014). [PubMed: 24825644] 

291. Kranzler HR & Soyka M Diagnosis and Pharmacotherapy of Alcohol Use Disorder: A Review. 
JAMA 320, 815–824 (2018). [PubMed: 30167705] 

292. Jonas DE et al. Pharmacotherapy for adults with alcohol use disorders in outpatient settings: a 
systematic review and meta-analysis. JAMA 311, 1889–1900 (2014). [PubMed: 24825644] 

293. Canidate SS, Carnaby GD, Cook CL & Cook RL A Systematic Review of Naltrexone for 
Attenuating Alcohol Consumption in Women with Alcohol Use Disorders. Alcohol Clin Exp Res 
41, 466–472 (2017). [PubMed: 28247556] 

294. Ray LA et al. Combined Pharmacotherapy and Cognitive Behavioral Therapy for Adults With 
Alcohol or Substance Use Disorders: A Systematic Review and Meta-analysis. JAMA Netw 
Open 3, (2020).

295. Garbutt JC et al. Clinical and biological moderators of response to naltrexone in alcohol 
dependence: a systematic review of the evidence. Addiction (Abingdon, England) 109, 1274–
1284 (2014). [PubMed: 24661324] 

296. Rubio G. et al. CLINICAL PREDICTORS OF RESPONSE TO NALTREXONE 
IN ALCOHOLIC PATIENTS: WHO BENEFITS MOST FROM TREATMENT WITH 
NALTREXONE? Alcohol and Alcoholism 40, 227–233 (2005). [PubMed: 15797885] 

297. Fucito LM et al. Cigarette smoking predicts differential benefit from naltrexone for alcohol 
dependence. Biol Psychiatry 72, 832–838 (2012). [PubMed: 22541040] 

298. Agabio R, Pani PP, Preti A, Gessa GL & Franconi F Efficacy of Medications Approved for the 
Treatment of Alcohol Dependence and Alcohol Withdrawal Syndrome in Female Patients: A 
Descriptive Review. Eur Addict Res 22, 1–16 (2016). [PubMed: 26314552] 

MacKillop et al. Page 38

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.niaaa.nih.gov/research/niaaa-recovery-from-alcohol-use-disorder/definitions
https://www.niaaa.nih.gov/research/niaaa-recovery-from-alcohol-use-disorder/definitions


299. Pierce M, Sutterland A, Beraha EM, Morley K & van den Brink W Efficacy, tolerability, and 
safety of low-dose and high-dose baclofen in the treatment of alcohol dependence: A systematic 
review and meta-analysis. Eur Neuropsychopharmacol 28, 795–806 (2018). [PubMed: 29934090] 

300. Rose AK & Jones A Baclofen: its effectiveness in reducing harmful drinking, craving, and 
negative mood. A meta-analysis. Addiction vol. 113 Preprint at 10.1111/add.14191 (2018).

301. Garbutt JC et al. Efficacy and tolerability of baclofen in a U.S. community population with 
alcohol use disorder: a dose-response, randomized, controlled trial. Neuropsychopharmacology 
2021 46:13 46, 2250–2256 (2021).

302. Agabio R, Baldwin DS, Amaro H, Leggio L & Sinclair JMA The influence of anxiety symptoms 
on clinical outcomes during baclofen treatment of alcohol use disorder: A systematic review and 
meta-analysis. Neurosci Biobehav Rev 125, 296–313 (2021). [PubMed: 33454289] 

303. Agabio R. et al. Baclofen for the treatment of alcohol use disorder: the Cagliari Statement. Lancet 
Psychiatry 5, 957–960 (2018). [PubMed: 30413394] 

304. Ray LA & others. State-of-the-art behavioral and pharmacological treatments for alcohol use 
disorder. Am. J. Drug Alcohol Abuse 45, 124–140 (2019). [PubMed: 30373394] 

305. Leggio L, Falk DE, Ryan ML, Fertig J & Litten RZ Medication Development for Alcohol Use 
Disorder: A Focus on Clinical Studies. Handb. Exp 258, 443–462 (2020).

306. Witkiewitz K, Litten RZ & Leggio L Advances in the science and treatment of alcohol use 
disorder. Sci. Adv 5, (2019).

307. Johnson BA et al. Oral topiramate for treatment of alcohol dependence: a randomised controlled 
trial. Lancet 361, 1677–85 (2003). [PubMed: 12767733] 

308. Reus VI et al. The American Psychiatric Association Practice Guideline for the Pharmacological 
Treatment of Patients With Alcohol Use Disorder. Am J Psychiatry 175, 86–90 (2018). [PubMed: 
29301420] 

309. Hägg S, Jönsson AK & Ahlner J Current Evidence on Abuse and Misuse of Gabapentinoids. Drug 
Saf 43, 1235–1254 (2020). [PubMed: 32857333] 

310. Simpson TL et al. Double-Blind Randomized Clinical Trial of Prazosin for Alcohol Use Disorder. 
Am J Psychiatry 175, 1216–1224 (2018). [PubMed: 30153753] 

311. Grodin EN et al. Ibudilast, a neuroimmune modulator, reduces heavy drinking and alcohol 
cue-elicited neural activation: a randomized trial. Transl Psychiatry 11, (2021).

312. MacKillop J. et al. D-cycloserine to enhance extinction of cue-elicited craving for alcohol: A 
translational approach. Transl Psychiatry 5, (2015).

313. Miller WR & Rollnick S Motivational Interviewing: Helping People Change. (The Guliford Press, 
2013).

314. Miller WR, Zweben A, DiClemente CC & Rychtarik RG MOTIVATIONAL ENHANCEMENT 
THERAPY MANUAL: A Clinical Research Guide for Therapists Treating Individuals With 
Alcohol Abuse and Dependence. National Institute on Alcohol Abuse and Alcoholism Project 
MATCH Monograph Series (Volume 2). (National Institute on Alcohol Abuse and Alcoholism, 
1999).

315. Knox J, Hasin DS, Larson FRR & Kranzler HRP screening, and treatment for heavy drinking and 
alcohol use disorder. Lancet Psychiatry 6, 1054–1067 (2019). [PubMed: 31630982] 

316. Steele DW & others. Brief Behavioral Interventions for Substance Use in Adolescents: A Meta-
analysis. Pediatrics 146, (2020).

317. Hendershot CS, Witkiewitz K, George WH & Marlatt GA Relapse prevention for addictive 
behaviors. Subst Abuse Treat Prev Policy 6, 17 (2011). [PubMed: 21771314] 

318. Monti PM & O’Leary TA Coping and social skills training for alcohol and cocaine dependence. 
Psychiatr Clin North Am 22, 447–70, xi (1999). [PubMed: 10385943] 

319. Magill M & others. A meta-analysis of cognitive-behavioral therapy for alcohol or other drug use 
disorders: Treatment efficacy by contrast condition. J. Consult 87, 1093–1105 (2019).

320. Ray LA & others. Combined Pharmacotherapy and Cognitive Behavioral Therapy for Adults 
With Alcohol or Substance Use Disorders: A Systematic Review and Meta-analysis. JAMA 
Netw. Open 3, (2020).

MacKillop et al. Page 39

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



321. Kiluk BD & others. Technology-Delivered Cognitive-Behavioral Interventions for Alcohol Use: 
A Meta-Analysis. Alcohol. Clin. Exp 43, 2285–2295 (2019).

322. Bowen S. et al. Relative efficacy of mindfulness-based relapse prevention, standard relapse 
prevention, and treatment as usual for substance use disorders. JAMA Psychiatry 71, 547–556 
(2014). [PubMed: 24647726] 

323. Schwebel FJ, Korecki JR & Witkiewitz K Addictive Behavior Change and Mindfulness-Based 
Interventions: Current Research and Future Directions. Curr. Addict 7, 117–124 (2020).

324. McCrady BS, Epstein EE, Cook S, Jensen N & Hildebrandt T A randomized trial of individual 
and couple behavioral alcohol treatment for women. J Consult Clin Psychol 77, 243–56 (2009). 
[PubMed: 19309184] 

325. Powers MB, Vedel E & Emmelkamp PMG Behavioral couples therapy (BCT) for alcohol and 
drug use disorders: a meta-analysis. Clin Psychol Rev 28, 952–962 (2008). [PubMed: 18374464] 

326. McCrady BS et al. Alcohol-Focused Behavioral Couple Therapy. Fam Process 55, 443–459 
(2016). [PubMed: 27369809] 

327. Petry NMA comprehensive guide to the application of contingency management procedures in 
clinical settings. Drug Alcohol Depend 58, 9–25 (2000). [PubMed: 10669051] 

328. Benishek LA & others. Prize-based contingency management for the treatment of substance 
abusers: a meta-analysis. Addiction. 109, 1426–1436 (2014). [PubMed: 24750232] 

329. Murtaugh L. et al. clean tomorrow: predicting methamphetamine abstinence in a randomized 
controlled trial. Health Psychol. 32, 958–966 (2013). [PubMed: 24001246] 

330. Petry NM, Alessi SM, Olmstead TA, Rash CJ & Zajac K Contingency management treatment 
for substance use disorders: How far has it come, and where does it need to go? Psychol Addict 
Behav 31, 897 (2017). [PubMed: 28639812] 

331. Meyers RJ & Smith JE Clinical guide to alcohol treatment: The community reinforcement 
approach : (Guilford Press, 1995).

332. Godley SH & others. The adolescent community reinforcement approach for adolescent cannabis 
users. DHHS Publication No. (SMA) 01–3489, Cannabis Youth Treatment (CYT) Series, Volume 
4. (Center for Substance Abuse Treatment, Substance Abuse, and Mental Health Services 
Administration, 2001).

333. Venner KL & others. Culturally tailored evidence-based substance use disorder treatments are 
efficacious with an American Indian Southwest tribe: an open-label pilot-feasibility randomized 
controlled trial. Addiction. 116, 949–960 (2021). [PubMed: 32667105] 

334. Community Reinforcement Approach Plus Vouchers (Alcohol, Cocaine, Opioids) ∣ 
National Institute on Drug Abuse (NIDA). https://www.drugabuse.gov/publications/principles-
drug-addiction-treatment-research-based-guide-third-edition/evidence-based-approaches-to-drug-
addiction-treatment/behavioral-therapies/community-reinforcement-approach-vouchers.

335. Fernandez A & others. A Family-Based Healthy Lifestyle Intervention: Crossover Effects on 
Substance Use and Sexual Risk Behaviors. Prev 22, 602–608 (2021).

336. Kelly JF YJ Mutual-help groups for alcohol and other substance use disorders. in Addictions: A 
comprehensive guidebook. (eds. McCrady BS & Epstein EE) 500–525 (Oxford University Press, 
2013).

337. Bergman BG, Claire Greene M, Hoeppner BB & Kelly JF Expanding the reach of alcohol and 
other drug services: Prevalence and correlates of US adult engagement with online technology to 
address substance problems. Addictive behaviors 87, 74–81 (2018). [PubMed: 29960132] 

338. Members, G. Service Material from the General Service Office.

339. Moos RH & Moos BS Participation in treatment and Alcoholics Anonymous: a 16-year follow-up 
of initially untreated individuals. J Clin Psychol 62, 735–750 (2006). [PubMed: 16538654] 

340. Problems, I. of M. (US) C. on T. of A. Broadening the Base of Treatment for Alcohol Problems. 
Broadening the Base of Treatment for Alcohol Problems (1990) doi:10.17226/1341.

341. Kelly JF, Humphreys K & Ferri M Alcoholics Anonymous and other 12-step programs for alcohol 
use disorder. Cochrane Database Syst Rev 3, (2020).

342. Tonigan JS, Pearson MR, Magill M & Hagler KJ AA attendance and abstinence for dually 
diagnosed patients: a meta-analytic review. Addiction (Abingdon, England) 113, 1970–1981 
(2018). [PubMed: 29845709] 

MacKillop et al. Page 40

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.drugabuse.gov/publications/principles-drug-addiction-treatment-research-based-guide-third-edition/evidence-based-approaches-to-drug-addiction-treatment/behavioral-therapies/community-reinforcement-approach-vouchers
https://www.drugabuse.gov/publications/principles-drug-addiction-treatment-research-based-guide-third-edition/evidence-based-approaches-to-drug-addiction-treatment/behavioral-therapies/community-reinforcement-approach-vouchers
https://www.drugabuse.gov/publications/principles-drug-addiction-treatment-research-based-guide-third-edition/evidence-based-approaches-to-drug-addiction-treatment/behavioral-therapies/community-reinforcement-approach-vouchers


343. Humphreys K & Moos RH Encouraging posttreatment self-help group involvement to reduce 
demand for continuing care services: two-year clinical and utilization outcomes. Alcohol Clin 
Exp Res 31, 64–68 (2007). [PubMed: 17207103] 

344. Kelly JF, M. BS. Twelve-step facilitation in non-specialty settings. in Research on alcoholism: 
Alcoholics Anonymous and spiritual aspects of recovery. (ed. Galanter M) 797–836 (Springer, 
2009).

345. Kelly JF Is Alcoholics Anonymous religious, spiritual, neither? Findings from 25 years of 
mechanisms of behavior change research. Addiction (Abingdon, England) 112, 929–936 (2017). 
[PubMed: 27718303] 

346. Horvath AT & Yeterian J SMART Recovery: Self-Empowering, Science-Based Addiction 
Recovery Support. J Groups Addict Recover 7, 102–117 (2012).

347. Zemore SE, Kaskutas LA, Mericle A & Hemberg J Comparison of 12-step groups to mutual help 
alternatives for AUD in a large, national study: Differences in membership characteristics and 
group participation, cohesion, and satisfaction. J Subst Abuse Treat 73, 16–26 (2017). [PubMed: 
28017180] 

348. Anton RF & others. COMBINE Study Research Group. Combined pharmacotherapies and 
behavioral interventions for alcohol dependence: the COMBINE study: a randomized controlled 
trial 295, 2003–2017 (2006).

349. Priester MA et al. Treatment Access Barriers and Disparities Among Individuals with Co-
Occurring Mental Health and Substance Use Disorders: An Integrative Literature Review. J Subst 
Abuse Treat 61, 47–59 (2016). [PubMed: 26531892] 

350. Kiluk BD et al. Technology-Delivered Cognitive-Behavioral Interventions for Alcohol Use: A 
Meta-Analysis. Alcohol Clin Exp Res 43, 2285–2295 (2019). [PubMed: 31566787] 

351. Kaner EFS et al. Personalised digital interventions for reducing hazardous and harmful alcohol 
consumption in community-dwelling populations. Cochrane Database Syst Rev 9, (2017).

352. Levola J, Aalto M, Holopainen A, Cieza A & Pitkänen T Health-related quality of life in alcohol 
dependence: a systematic literature review with a specific focus on the role of depression and 
other psychopathology. Nord J Psychiatry 68, 369–384 (2014). [PubMed: 24228776] 

353. Buu A. et al. Alcoholism effects on social migration and neighborhood effects on alcoholism over 
the course of 12 years. Alcohol Clin Exp Res 31, 1545 (2007). [PubMed: 17635420] 

354. Romeis JC et al. Heritability of SF-36 among middle-age, middle-class, male-male twins. Med 
Care 43, 1147–1154 (2005). [PubMed: 16224309] 

355. Imtiaz S, Loheswaran G, le Foll B & Rehm J Longitudinal alcohol consumption patterns and 
health-related quality of life: Results from the National Epidemiologic Survey on Alcohol and 
Related Conditions. Drug Alcohol Rev 37, 48–55 (2018). [PubMed: 28294429] 

356. Pettinati HM, Gastfriend DR, Dong Q, Kranzler HR & O’Malley SS Effect of extended-release 
naltrexone (XR-NTX) on quality of life in alcohol-dependent patients. Alcohol Clin Exp Res 33, 
350–356 (2009). [PubMed: 19053979] 

357. Flórez G. et al. Using topiramate or naltrexone for the treatment of alcohol-dependent patients. 
Alcohol Clin Exp Res 32, 1251–1259 (2008). [PubMed: 18482157] 

358. Neto D, Lambaz R, Aguiar P & Chick J Effectiveness of sequential combined treatment 
in comparison with treatment as usual in preventing relapse in alcohol dependence. Alcohol 
Alcohol 43, 661–668 (2008). [PubMed: 18852481] 

359. Rus-Makovec M & Čebašek-Travnik Z Long-term abstinence and well-being of alcohol-
dependent patients after intensive treatment and aftercare telephone contacts. Croat Med J 49, 
763–771 (2008). [PubMed: 19090601] 

360. Charlet K & Heinz A Harm reduction-a systematic review on effects of alcohol reduction on 
physical and mental symptoms. Addiction biology 22, 1119–1159 (2017). [PubMed: 27353220] 

361. Witkiewitz K. et al. Drinking Risk Level Reductions Associated with Improvements in Physical 
Health and Quality of Life among Individuals with Alcohol Use Disorder. Alcohol Clin Exp Res 
42, 2453 (2018). [PubMed: 30395350] 

362. Maher B Personal genomes: The case of the missing heritability. Nature 456, 18–21 (2008). 
[PubMed: 18987709] 

MacKillop et al. Page 41

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



363. Ray LA, MacKillop J & Hutchison KE Pharmacogenetics of the μ-opioid receptor and the 
treatment of addictions. Per Med 4, (2007).

364. McClearn GE & Vandenbergh DJ Structure and Limits of Animal Models: Examples from 
Alcohol Research. ILAR J 41, 144–152 (2000). [PubMed: 11406706] 

365. Nieto SJ, Grodin EN, Aguirre CG, Izquierdo A & Ray LA Translational opportunities in animal 
and human models to study alcohol use disorder. Translational Psychiatry 2021 11:1 11, 1–14 
(2021).

366. MacKillop J & Murphy C Drug Self-Administration Paradigms: Methods for Quantifying 
Motivation in Experimental Research. The Wiley-Blackwell Handbook of Addiction 
Psychopharmacology (2013). doi:10.1002/9781118384404.ch12.

367. Kwako LE, Momenan R, Litten RZ, Koob GF & Goldman D Addictions Neuroclinical 
Assessment: A Neuroscience-Based Framework for Addictive Disorders. Biol Psychiatry 80, 
179–189 (2016). [PubMed: 26772405] 

368. Voon V. et al. Addictions NeuroImaging Assessment (ANIA): Towards an integrative framework 
for alcohol use disorder. Neurosci Biobehav Rev 113, 492–506 (2020). [PubMed: 32298710] 

369. Harel M. et al. Repetitive Transcranial Magnetic Stimulation in Alcohol Dependence: 
A Randomized, Double-Blind, Sham-Controlled Proof-of-Concept Trial Targeting the 
Medial Prefrontal and Anterior Cingulate Cortices. Biol Psychiatry (2021) doi:10.1016/
J.BIOPSYCH.2021.11.020.

370. Lewis CC et al. Implementing Measurement-Based Care in Behavioral Health: A Review. JAMA 
Psychiatry 76, 324–335 (2019). [PubMed: 30566197] 

371. Samokhvalov A. v. et al. Outcomes of an integrated care pathway for concurrent major depressive 
and alcohol use disorders: a multisite prospective cohort study. BMC Psychiatry 18, (2018).

372. Morgenstern J. et al. An efficacy trial of adaptive interventions for alcohol use disorder. J Subst 
Abuse Treat 123, (2021).

373. Comparative Effectiveness Research: Evidence, Medicine, and Policy - 
Oxford Scholarship. https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/
9780199968565.001.0001/acprof-9780199968565.

374. Hasin DS, Stinson FS, Ogburn E & Grant BF Prevalence, correlates, disability, and comorbidity 
of DSM-IV alcohol abuse and dependence in the United States: results from the National 
Epidemiologic Survey on Alcohol and Related Conditions. Arch Gen Psychiatry 64, 830–842 
(2007). [PubMed: 17606817] 

375. Han B, Jones CM, Einstein EB, Powell PA & Compton WM Use of Medications for Alcohol 
Use Disorder in the US: Results From the 2019 National Survey on Drug Use and Health. JAMA 
Psychiatry 78, 922–924 (2021). [PubMed: 34132744] 

376. Spithoff S, Turner S, Gomes T, Martins D & Singh S First-line medications for alcohol use 
disorders among public drug plan beneficiaries in Ontario. Canadian Family Physician 63, e277 
(2017). [PubMed: 28500210] 

377. Morley KC, Logge W, Pearson SA, Baillie A & Haber PS National trends in alcohol 
pharmacotherapy: Findings from an Australian claims database. Drug Alcohol Depend 166, 
254–257 (2016). [PubMed: 27394934] 

378. Thompson A, Ashcroft DM, Owens L, van Staa TP & Pirmohamed M Drug therapy for alcohol 
dependence in primary care in the UK: A Clinical Practice Research Datalink study. PLoS One 
12, (2017).

379. Mark TL et al. Physicians’ opinions about medications to treat alcoholism. Addiction (Abingdon, 
England) 98, 617–626 (2003). [PubMed: 12751979] 

380. Abraham AJ, Andrews CM, Harris SJ & Friedmann PD Availability of Medications for the 
Treatment of Alcohol and Opioid Use Disorder in the USA. Neurotherapeutics 17, 55–69 (2020). 
[PubMed: 31907876] 

381. Carroll KM Dissemination of evidence-based practices: how far we’ve come, and how much 
further we’ve got to go. Addiction (Abingdon, England) 107, 1031–1033 (2012). [PubMed: 
22324509] 

382. Knudsen HK, Abraham AJ & Roman PM Adoption and Implementation of Medications in 
Addiction Treatment Programs. J Addict Med 5, 21 (2011). [PubMed: 21359109] 

MacKillop et al. Page 42

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780199968565.001.0001/acprof-9780199968565
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780199968565.001.0001/acprof-9780199968565


383. Roberts E, Hotopf M & Drummond C The relationship between alcohol-related hospital 
admission and specialist alcohol treatment provision across local authorities in England since 
passage of the Health and Social Care Act 2012. Br J Psychiatry 218, 230–232 (2020).

384. Group, W. A. W. The alcohol, smoking and substance involvement screening test (ASSIST): 
development, reliability and feasibility. Addiction 97, 1183–1194 (2002). [PubMed: 12199834] 

385. Ewing JA Detecting alcoholism. The CAGE questionnaire. JAMA 252, 1905–1907 (1984). 
[PubMed: 6471323] 

386. Knight JR, Sherritt L, Shrier LA, Harris SK & Chang G Validity of the CRAFFT substance abuse 
screening test among adolescent clinic patients. Arch Pediatr Adolesc Med 156, 607–614 (2002). 
[PubMed: 12038895] 

387. Chan AWK, Pristach EA, Welte JW & Russell M Use of the TWEAK test in screening for 
alcoholism/heavy drinking in three populations. Alcohol Clin Exp Res 17, 1188–1192 (1993). 
[PubMed: 8116829] 

388. First MB Structured Clinical Interview for the DSM (SCID). The Encyclopedia of Clinical 
Psychology 1–6 (2015) doi:10.1002/9781118625392.WBECP351.

389. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation 
of a structured diagnostic psychiatric interview for DSM-IV and ICD-10 - PubMed. https://
pubmed.ncbi.nlm.nih.gov/9881538/.

390. Sobell LC & Sobell MB Alcohol Timeline Followback (TLFB). Handbook of psychiatric 
measures B2 - Handbook of psychiatric measures 477–479 Preprint at (2000).

391. Sullivan JT, Sykora K, Schneiderman J, Naranjo CA & Sellers EM Assessment of alcohol 
withdrawal: the revised clinical institute withdrawal assessment for alcohol scale (CIWA-Ar). Br 
J Addict 84, 1353–7 (1989). [PubMed: 2597811] 

392. Forcehimes AA, Tonigan JS, Miller WR, Kenna GA & Baer JS Psychometrics of the Drinker 
Inventory of Consequences (DrInC). Addictive Behaviors 32, 1699–1704 (2007). [PubMed: 
17182194] 

393. Kirouac M & Witkiewitz K Revisiting the Drinker Inventory of Consequences: An extensive 
evaluation of psychometric properties in two alcohol clinical trials. Psychol Addict Behav 32, 
52–63 (2018). [PubMed: 29419311] 

394. Stockwell T, Murphy D & Hodgson R The severity of alcohol dependence questionnaire: its use, 
reliability and validity. Br J Addict 78, 145–155 (1983). [PubMed: 6135435] 

395. Read JP, Kahler CW, Strong DR & Colder CR Development and preliminary validation of the 
young adult alcohol consequences questionnaire. J Stud Alcohol 67, 169–77 (2006). [PubMed: 
16536141] 

396. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: 
DSM-5 (American Psychiatric Association, 2013).

397. Strang et al. Opioid use disorder Nat Rev Dis Primers. 2020 Jan 9;6(1):3. doi: 10.1038/
s41572-019-0137-5. [PubMed: 31919349] 

398. Koob GF, Everitt BJ & Robbins TW in Fundamental Neuroscience 4th edn (eds Squire LR et al.) 
871–898 (Elsevier, 2013).

MacKillop et al. Page 43

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://pubmed.ncbi.nlm.nih.gov/9881538/
https://pubmed.ncbi.nlm.nih.gov/9881538/


Box 1

Definitions of standard units of alcohol, hazardous drinking, and alcohol 
use disorders

Standard Units of Alcohol (i.e., a “standard drink”)

• North America: ~14 g (USA 14g and Canada 13.5g), approximately 5oz 

wine, 12 oz beer, 1.5 oz liquor, depending on concentration

• Europe: 8–20g (for example, UK 8g; France, Ireland, the Netherlands and 

Spain 10g; Germany and Portugal 11g; Denmark, Finland, Italy, Sweden and 

Switzerland 12g; Hungary 17g; Austria 20g)

• Asia: 10-20g (Hong Kong 10g; Japan 19.75g)

• Oceania: 10g (Australia and New Zealand 10g)

Definitions of Hazardous Drinking

World Health Organization Risk Levels

• Males: Medium 41-60 g/day; High 61-100 g/day; Very High ≥101 g/day

• Females: Medium 21-40 g/day; High 41-60 g/day; Very High ≥61 g/day

• Heavy episodic drinking: 60g of ethanol on at least one occasion at least once 

per month

National Institute on Alcohol Abuse and Alcoholism (USA)

• Males: >14 drinks (196g) per week or >4 drinks (56g) per occasion

• Females: >7 drinks (98g) per week or >3 drinks (42g) per occasion

• Binge drinking: ≥5 standard drinks (70g) in males and ≥4 standard drinks 

(56g) in females

National Health Service (UK)

Both sexes: >14 units weekly (112g) distributed over ≥3 days

Canadian Low-risk Drinking Guidelines

• Males: >14 drinks/week, >3 drinks per occasion (>4 drinks per special 

occasion)

• Females: >10 drinks/week, >2 drinks per occasion (>3 drinks per special 

occasion)

Definitions of Alcohol Use Disorders

Diagnostic and Statistical Manual 5th Edition (DSM-5)a

• Substance-related and Addictive Disorders (parent category)

– Alcohol use disorder; modifiers of mild, moderate and severe
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International Classification of Diseases 11th Revision (ICD-11)a

• Health risk factors (parent category)

– Hazardous alcohol use

• Disorders due to substance use (parent category)

– Harmful pattern of use of alcohol (lower severity; single episode or a 

pattern)

– Alcohol dependence (higher severity)

aAdditional clinical diagnoses: alcohol intoxication (DSM-5 and ICD-11); alcohol 

withdrawal (DSM-5 and ICD-11); alcohol-induced delirium, psychotic disorder, mood 

disorder, anxiety (ICD-11)
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Box 2.

Medical diagnoses of alcohol-related harms in the 5th edition of the 
Diagnostic and Statistical Manual (DSM-5) and 11th edition of the 

International Classification for Diseases (ICD-11).

DSM-5 (2013) Alcohol Use Disorder396

The presence of 2+ symptoms within the past 12 months. The presence of 2-3 symptoms 

denotes mild AUD; 4-5 symptoms denotes moderate AUD; and ≥6 as severe AUD

1. Alcohol often consumed in larger amounts or over a longer period than 

intended

2. A desire or unsuccessful efforts to cut down or control alcohol use

3. A substantial amount of time spent in activities needed to obtain alcohol, use 

alcohol, or recover from effects of alcohol

4. Craving, or a strong desire or urge to use alcohol

5. Recurrent alcohol associated with failure to fulfil responsibilities at work, 

school or home

6. Continued alcohol use despite related social or interpersonal problems

7. Stopping or reducing social, occupational or recreational activities due to 

alcohol use

8. Recurrent alcohol use in physically hazardous situations

9. Continued alcohol use despite knowledge of a physical or psychological 

problem likely to be caused or exacerbated by alcohol

10. Tolerance, defined by either: . a need for markedly increased amounts of 

alcohol to achieve intoxication or desired effect. or a markedly reduced effect 

with continued use of the same amount of alcohol

11. Withdrawal, manifesting by either: alcohol withdrawal syndrome or alcohol 

or a closely related drug is taken to relieve or avoid withdrawal symptoms.

ICD-11 Harmful pattern of alcohol use16

The presence of 1+ symptoms over at least 12 months with episodic substance use or at 

least one month with continuous use.

1. Harm to health of the individual occurs due to one or more of the following: 

Behaviour related to intoxication; toxic effects on body organs and systems; 

or harmful route of administration.

2. Harm to health of others (i.e., physical harm, including trauma, or mental 

disorder that is directly related to the behaviour of the individual with 

Harmful pattern of alcohol use)

ICD-11 Alcohol Dependence16
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Patient exhibits the characteristic feature of a strong internal drive to use alcohol 

(manifested by impaired ability to control use, increasing priority given to use over 

other activities and persistence of use despite harm or negative consequences). These 

experiences are often accompanied by a subjective sensation of urge or craving to use 

alcohol. Physiological features of dependence may also be present, including tolerance 

to the effects of alcohol, withdrawal symptoms following cessation or reduction in use 

of alcohol, or repeated use of alcohol or pharmacologically similar substances to prevent 

or alleviate withdrawal symptoms. The features of dependence are usually evident over a 

period of at least 12-months but the diagnosis may be made if alcohol use is continuous 

(daily or almost daily) for at least 3 months
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Box 3.

Alcohol assessment measures for screening and diagnosis in clinical 
practice.

Screening

Alcohol Use Disorders Identification Test (AUDIT)9

A 10-item questionnaire developed by the WHO that has been validated globally. The 

AUDIT is one of the most widely-used measures for detecting hazardous drinking, 

including across elevated risk groups (such as individuals with unstable housing or 

individuals with co-occurring medical and/or psychiatric conditions). Scores of 7 and 8 

represent hazardous drinking for females and males, respectively. The first three items 

measuring consumption can be used as a stand-alone screen, referred to as the AUDIT-C.

Alcohol, Smoking and Substance Involvement Screening Test (ASSIST)384

An 8-item (per substance) questionnaire also developed by the WHO to be a culturally-

neutral measure for health care workers in medical settings worldwide. Scores reflect 

low-risk, moderate-risk, and high-risk categories, and map to no treatment, brief 

intervention and referral to specialist assessment and treatment.

CAGE [11] / CRAFFT [12]/TWEAK385-387

These mnemonic acronym-based brief screens are used across a number of settings and 

populations. Patients endorse the presence or absence of a feature of drinking for each 

letter in the acronym. The CAGE comprises: C = Cut down; A = Annoyed by drinking; 

G = Guilty; and E = Eye Opener. The CRAFFT is for use in adolescents and comprises: 

C= CAR; R= RELAX; A= ALONE; F= FORGET; F= FAMILY; T= TROUBLE. The 

TWEAK is for use in pregnant women and comprises: T =Tolerance; W = Worried; E = 

Eye-opener; A = Amnesia [blackouts]; K = Cut Down.

Diagnosis and treatment planning

Symptom-based Assessments

Symptom-based assessments for diagnosis include structured and semi-structured 

interviews, such as the Structured Clinical Interview for DSM-5388 (SCID), Mini-

International Neuropsychiatric Interview389, Diagnostic Assessment Research Tool228 

(DART). Recent evidence indicates high correspondence between self-report symptom 

checklists and interview-based diagnosis. 231

Timeline Followback390 (TLFB)

The TLFB has support for being one of the most widely used tools to measure quantity 

and frequency of alcohol use, although it should be noted drinking patterns are not used 

to diagnose AUDs. It uses a calendar-based approach to quantify days and drinks per 

drinking day for the past 1-3 months. This interview can also be used to assess quantity 

and frequency of co-occurring other substance use (e.g., cannabis, e-cigarettes or vaping 

or prescription drug use).
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Clinical Institute Withdrawal Assessment for Alcohol Revised 391 (CIWA-Ar)

The CIWA-Ar is a widely used measure for detecting the alcohol withdrawal syndrome 

and guiding decision-making around the need for intervention.

Drinker Inventory of Consequences392 (DRINC)

The DRINC assesses alcohol-related consequences in five domains: Physical 

Consequences, Interpersonal Consequences, Intrapersonal Consequences, Impulse 

Control, and Social Responsibility. Subsequent psychometric analysis suggests more 

valid scoring as mild, moderate and severe consequences.393

Severity of Alcohol Dependence Questionnaire394 (SADQ)

The SADQ is a validated 20-item measure assessing AUD severity. It contains 5 

subscales: Physical Withdrawal, Affective Withdrawal, Withdrawal Relief Drinking, 

Alcohol Consumption, and Rapidity of Reinstatement.

Young Adult Adverse Alcohol Consequences Questionnaire395 (YAACQ)

The YAACQ assesses alcohol-related consequences among adolescents and young 

adults with eight subscales: Social/Interpersonal; Impaired Control; Self Perception; Self 

Care; Risky Behaviors; Academic/Occupational; Physiological Dependence; Blackout 

Drinking. Brief version also available.
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Box 4.

Alcohol biomarkers.

Level or Recency of Alcohol Use

• Blood alcohol content (BAC) reflects circulating alcohol in the bloodstream, 

which correlates with to level of impairment

• Breath alcohol (BrAC), measured via breathalyzer, is a valid proxy for BAC

• Transdermal alcohol is another valid proxy for BAC but transdermal alcohol 

is available over a longer time window than BrAC via continuous monitoring 

devices

• Urinary ethyl glucuronide (EtG) is a minor metabolite of alcohol that is 

dose-dependently detectable for up to 72 hours after drinking has ended.

• Phosphatidylethanol (PEth) is a cellular membrane phospholipid produced 

from the interaction of alcohol with phospholipase D and can reliably detect 

heavy drinking.

Alcohol Burden on Liver and Other Systems

• Aspartate/alanine aminotransferase (AST/ALT) AST/ALT reflect liver burden 

from alcohol metabolism. Reference ranges are 0 to 35 IU/L and 0 to 45 IU/L, 

respectively. An AST to ALT ratio of 2:1 or higher is an indicator of heavy 

drinking.

• Gamma-glutamyl transferase (GGT) a liver enzyme that reflects injury to 

the liver, particularly of the bile ducts and in response to alcohol. Reference 

ranges are 0-0 to 30 IU/L, but GGT is not specific enough be used alone. 

Elevated GGT in conjunction with elevated AST may be used as an indicator 

of heavy drinking.

• Percent disialocarbohydrate-deficient transferrin (%CDT) reflects 

proportionate levels of deficiency of an iron transport protein in serum. In 

general, 50-60g of alcohol/day for 2 or more weeks increases %CDT, which 

normalizes after 3 or more weeks of abstinence. The commonly used cut-off 

is 2.5% and %CDT can be combined with GGT.

• Mean corpuscular volume (MCV) indicates red blood cell size, which 

increases after 4 or more weeks of heavy drinking. MCV has low sensitivity 

but high specificity, therefore, it is most useful when used with other tests.
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Figure 1. Alcohol consumption and AUD prevalence.
Key indicators of global alcohol consumption (alcohol per capita [APC]; panel a) and AUDs 

(panel b) in WHO Regions in 2016. Drinkers are defined as individuals reporting alcohol use 

in the past 12-months.

APC: adult (15 and older) alcohol per capita consumption of pure 3alcohol (L). AUDs, 

alcohol use disorders. Figure 1 adapted with permission from Ref (3)

please refer to Figure 1 of MacKillop, J., Agabio, R., Feldstein Ewing, S.W. et al. Hazardous 

drinking and alcohol use disorders. Nat Rev Dis Primers 8, 80 (2022).
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Figure 2. Harms associated with alcohol use
Distribution of the alcohol-attributable burden of disease as a percentage of all alcohol-

attributable disability-adjusted life years (DALYs) by broad disease category in 2016. Figure 

2 adapted with permission from Ref 3

please refer to Figure 2 of MacKillop, J., Agabio, R., Feldstein Ewing, S.W. et al. Hazardous 

drinking and alcohol use disorders. Nat Rev Dis Primers 8, 80 (2022).
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Figure 3. Major pathways in alcohol metabolism.
Polymorphisms associated with clinically relevant pharmacokinetic differences are 

indicated. The broken line for A allele carriers of rs1229984 in ADH1B reflects more rapid 

metabolism of alcohol into acetaldehyde and the broken line for A allele carriers of rs671 

reflects slower metabolism of acetaldehyde into acetate.

please refer to Figure 3 of MacKillop, J., Agabio, R., Feldstein Ewing, S.W. et al. Hazardous 

drinking and alcohol use disorders. Nat Rev Dis Primers 8, 80 (2022).

MacKillop et al. Page 53

Nat Rev Dis Primers. Author manuscript; available in PMC 2023 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. A contemporary overview of the neurobiology of alcohol use disorders.
A∣ Acute direct and indirect neuropharmacological effects of alcohol, including antagonism 

of glutamatergic neurons and agonism of both GABAergic neurons and opioidergic neurons. 

Of note, in addition to agonism of opioidergic neurons in the nucleus accumbens (NAcc), 

endogenous opioid release in the ventral tegmental area (VTA) leads to an inhibitory effect 

on GABAergic neurons that in turn increases dopamine release in the NAcc. B∣ Progressive 

transition from positively reinforcing (rewarding) effects to negatively reinforcing (relieving) 

effects. C∣ a theorized sequence and associated deficits in the progression to AUDs. D∣ The 

putative neurocircuitry associated with each feature of the cycle.

Notes: EtOH = alcohol (ethanol); [binge/intoxication] DS = dorsal striatum, VS = ventral 

striatum, GP = globus pallidus, Thal = thalamus; [affect/withdrawal] BNST = bed nucleus 

of the striatum, CeA = central nucleus of the amgygdala; [preoccupation/ anticipation] ACC 

= anterior cingulate cortex, dlPFC = dorsolateral prefrontal cortex, vlPFC = ventrolateral 

prefrontal cortex, vmPFC = ventromedial prefrontal cortex, OFC = orbitofrontal cortex. 

HPC = hippocampus, Source” Volkow et al. OUD NRDP]. Figures 4c and 4d adapted with 

permission from Refs 397 and 398.

please refer to Figure 4 of MacKillop, J., Agabio, R., Feldstein Ewing, S.W. et al. Hazardous 

drinking and alcohol use disorders. Nat Rev Dis Primers 8, 80 (2022).
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Table 1.

Approved medications for the treatment of alcohol use disorders (AUDs).

Druga (route) Indications Mechanism of
action

Benefits and
effect sizes

Adverse
effects

Recommendations,
contraindications,
limitations, and other notes

Disulfiram 
(p.o.)

Patients aiming 
to maintain 
abstinence

Inhibits aldehyde 
dehydrogenase, therefore, 
leads to acetaldehyde 
accumulation upon 
alcohol consumption. 
This acetaldehyde 
accumulation induces 
distressing signs and 
symptoms ranging from 
facial flush, nausea, 
vomiting, and headache 
to severe and rare 
bradypnea, shock, and 
death. Fear of this 
reaction acts as a 
deterrent to alcohol use

Better results with 
disulfiram compared 
with other medications 
or placebo (for 
example, rate of 
abstinent days, mean 
days of alcohol use). 
Outcomes are better 
in patients who 
are aware of the 
treatment and with 
supervised disulfiram 
administration.

The most 
frequent 
adverse event 
is drowsiness. 
Others are 
rare but 
include 
hepatitis, 
neuropathy, 
optic neuritis, 
psychosis, 
and confused 
states

Contraindicated in patients 
with active alcohol 
consumption (including those 
who use alcohol-based 
products such as perfume 
or aftershave), those who 
do not understand the 
risks of alcohol consumption 
when they are under 
disulfiram. and those 
with severe liver disease, 
psychosis, seizures and/or 
cardiovascular disease. 
Main limitations are low 
adherence, that patients need 
to abstain from drinking at 
least 12 hours before starting 
disulfiram, and that a 7-day 
washout is required

Naltrexone 
(p.o. and 
intramuscular 
long-acting 
injection)

Patients aiming 
to reduce 
alcohol 
consumption 
and/or achieve 
abstinence

Nonselective antagonist 
of μ-, κ-, and δ-opioid 
receptors that acts by 
blocking the interaction 
between brain receptors 
and endogenous opioid 
peptides involved in 
the rewarding effects 
of alcohol Reduces the 
rewarding effects of 
alcohol consumption

Prevents relapses into 
any drinking or heavy 
drinking, reduces the 
number of drinking and 
heavy drinking days, 
and reduces the number 
of drinks per drinking 
days compared with 
placebo.

Dizziness, 
nausea, and 
vomiting

Contraindicated in patients 
who require opioids for 
analgesia, those with 
active opioid use disorder, 
and those with severe 
liver disease. The main 
limitation (especially for the 
p.o. formulation) is low 
adherence

Nalmefene 
(p.o.)

Patients who do 
not need 
immediate 
detoxification 
and have not 
been able to 
reduce their 
drinking with 
psychosocial 
support

A μ and δ-opioid 
receptor antagonist and 
a κ-opioid receptor 
partial agonist. Like 
naltrexone, nalmefene 
reduces the rewarding 
effects perceived after 
alcohol consumption

Although developed 
for abstinence, 
nalmefenereduces the 
number of monthly 
heavy drinking days 
compared with placebo

Dizziness, 
headache, 
insomnia, 
nausea and 
vomiting

Contraindicated for patients 
who require opioids for 
analgesia, patients with 
active opioid use disorder 
and patients with psychiatric 
comorbidity. Of note, there is 
no evidence of hepatotoxicity 
with nalmefene.

Acamprosate 
(p.o.)

Patients who are 
abstinent and 
aiming to 
maintain 
abstinence from 
alcohol

Although not fully 
understood, acamprosate 
may work by modulating 
the altered glutamatergic 
neurotransmission state in 
patients with AUD

Prevents relapses into 
any drinking and 
reduces the number of 
drinking days compared 
with placebo

Anxiety, 
diarrhea and 
vomiting

Dose adjustment needed or 
contraindicated in patients 
with severe renal impairment

Abbreviations

AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; AUD: alcohol use disorder; GABA: gamma-aminobutyric acid; p.o.: per os 
(orally) .

a
These medications are generally indicated for individuals with DSM-5 moderate or severe AUD or ICD-11 alcohol dependence.
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Table 2.

Off-label medications for treatment of alcohol use disorders (AUDs).

Druga
(route)

Indications Mechanism of
action Benefits Adverse

effects

Recommendations,
contraindications,
limitations, and other
notes

Baclofen 
(p.o.)

Approved in 
France only for 
decreasing 
alcohol 
consumption in 
those who do not 
benefit from 
approved 
medications

Selective GABAB receptor 
agonist. Stimulation of 
GABAB receptors in 
the ventral tegmental 
area. Reduces dopamine 
activity and rewarding 
effects of alcohol.

Higher likelihood 
of abstinence 
compared to 
placebo and 
increases the 
number of 
abstinent days 
among anxious 
patients , but not 
among non-
anxious patients

Vertigo, 
somnolence, dry 
mouth, 
paresthesia and 
muscle spam

Caution required for patients 
with renal impairment, history 
of epilepsy, mood disorders, 
suicidal ideation or a history 
of suicide attempts and in 
those receiving other sedative 
medications (including alcohol) 
Treatment should not be 
abruptly interrupted to avoid the 
risk of withdrawal symptoms.

Gabapentin 
(p.o.)

Patients aiming 
to reduce alcohol 
consumption 
and/or achieve 
abstinence

Although not fully 
understood, gabapentin 
inhibits selectively 
voltage-gated calcium 
channels containing the 
alpha-2-delta-1 subunit 
and has effects on both 
inhibitory and excitatory 
neurotransmission

Reduces the 
percentage of 
heavy drinking 
days compared 
with placebo

A higher risk of 
adverse events 
(such as fatigue, 
dizziness and 
somnolence) 
compared with 
placebo

Caution required because of 
possible misuse or renal 
impairment

Topiramate 
(p.o.)

Because of its 
association with 
weight loss, 
suggested in 
patients with 
comorbid obesity

Glutamate receptor 
(AMPA and kainate 
receptors) antagonist. 
Potentiates GABA activity 
by inducing chloride ion 
flux into neurons, and 
inhibits dopamine release.

Reduces the 
number of 
drinking and 
heavy drinking 
days, reduces the 
number of drinks 
per drinking days 
and increases 
abstinence, 
compared with 
placebo

Cognitive 
dysfunction, 
paresthesia and 
taste 
abnormalities

Contraindicated in patients with 
risk factors for and/or history 
of metabolic acidosis, kidney 
stones and secondary angle 
closure glaucoma. Suggested 
to assess baseline cognitive 
status and renal function before 
commencing therapy. Caution 
required for elderly and patients 
at risk for falls

Varenicline 
(p.o.)

Individuals with 
co-occurring 
nicotine 
dependence

Partial agonist of α4β2 
nicotinic acetylcholine 
receptors, implicated in 
both alcohol and nicotine 
reward

Reduces alcohol 
consumption 
compared with 
placebo

Nausea, 
insomnia, 
abnormal 
dreams and 
headache

Patients with tobacco use 
disorder who receive varenicline 
are at higher risk of any serious 
adverse event, with rates about 
25% higher than those who do 
not use this medication

Abbreviations

AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; AUD: alcohol use disorder; GABA: gamma-aminobutyric acid; p.o.: per os 
(orally)

a
These are generally indicated for individuals with DSM-5 moderate or severe AUD or ICD-11 alcohol dependence.
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Table 3.

Evidence-based psychological interventions for the treatment of alcohol use disorders.

Intervention Overview Typical 
Duration

Modality

Motivational 
Interviewing (MI)/
Motivational 
Enhancement 
Therapy (MET)

MI and MET use a collaborative approach to enhance an individual’s existing 
skills, self-efficacy and autonomy. These typically short-term interventions 
are characterized by ‘meeting people where they are’ and engaging non-
judgmental, open, empathic, and strength-based approaches to match the 
individual's self-selected behavioral goals. These approaches do not depend on 
an individual’s identification of their alcohol use as problematic and can be 
helpful as a harm reduction approach in settings that do not require abstinence. 
One of the key strengths is an emphasis on therapeutic alliance, and it therefore 
offers an excellent way to reach wary non-treatment seeking individuals, 
including youth.

MI is often 1-2 
sessions but can 
be extended or 
ongoing; MET 
is 1-4 sessions 
delivered over 
1-4 weeks

Face to face and 
tele-health

Cognitive 
Behavioral 
Therapy (CBT)

This skills-based approach involves a collaborative partnership between 
therapist and client to characterize and remediate maladaptive cognitions and 
develop adaptive coping strategies. CBT targets learning and skill development 
in implementing strategies to reduce alcohol use. Individuals are believed to 
maintain long-term alcohol abstinence by learning and practicing skills needed 
to cope with high-risk situations. A dyadic format is available to address 
drinking for one member of a couple. Some interventions have incorporated 
mindfulness-based perspectives and techniques.

1-14 sessions 
over 12-18 
weeks

Face to face and 
e-modalities 
(CBT4CBT)

Contingency 
management (CM)

CM systematically positively reinforces target behaviors (such as therapy 
attendance, therapy participation, alcohol abstinence and medication adherence) 
with tangible rewards (for example, vouchers, prizes or money) to promote 
reductions in alcohol use. CM approaches have better outcomes in protocols 
that reinforce the target behavior immediately, at larger magnitudes, with 
greater frequency and with schedules that increase throughout the course of 
the intervention.

9-12 sessions 
over 9-12 weeks

Face to face

Community 
Reinforcement 
Approach (CRA)

CRA and the adolescent version (ACRA), use an operant reinforcement 
approach to enhance engagement in naturally occurring non-substance use 
positive and negative reinforcers to decrease drinking. The adolescent version 
includes individual and family sessions dedicated to skill building, relapse 
prevention, increasing positive communication and effective parenting.

12-20 sessions Face to face
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