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Abstract

We review interventions with empirical support for reducing alcohol use and enhancing self-

control. While any intervention that decreases drinking could improve self-control, we focus here

on interventions with evidence of direct benefit for both indications. Although no intervention yet

shows strong evidence for dual efficacy, multiple interventions have strong evidence for one

indication and solid or suggestive evidence for the other. Among pharmacotherapies, opioid

antagonists currently have the best evidence for reducing alcohol use and enhancing self-control.

Nicotinic partial agonist varenicline also appears to be efficacious for alcohol use and self-control.

Many psychosocial and behavioral interventions (e.g., cognitive behavioral therapy, contingency

management, mindfulness training) may have efficacy for both indications based on purported

mechanisms of action and empirical evidence. Cognitive bias modification and neurophysiological

interventions have promise for alcohol use and self-control as well and warrant further research.

We offer several other suggestions for future research directions.
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Introduction

Self-control has been defined as restraint exercised over one's own impulses, emotions, or

desires [1] and encompasses several domains. Impulsivity, arguably the most well studied

among all difficulties with self-control, is a multifaceted construct [2, 3], which entails “a

predisposition toward rapid, unplanned reactions to internal or external stimuli with

diminished regard to the negative consequences of these reactions to the impulsive

individual or others” [4, 5]. Impulsive behaviors are often theorized as resulting from an

imbalance between competing tendencies to respond to salient internal or external stimuli

(sometimes referred to as “activation”[6]) and to inhibit prepotent responses (sometimes

referred to as “inhibition”[6]). According to these dual process theories, impulsive behaviors

may reflect excessive tendencies to respond and/or inability to inhibit these responses

adaptively [7–9]. Ability to focus attention optimally, even in the face of distraction, is

considered essential to inhibiting prepotent responses [10, 11]. Attention is also highly

relevant to alcohol misuse in that frequent heavy drinkers often demonstrate a bias to attend

to alcohol-related stimuli in their environment [12] and several studies have reported that

attentional bias to alcohol cues prospectively predicts alcohol-related outcomes (e.g., [13,

14]).

Executive functions also play a key role in the ability to inhibit prepotent responses. Not

unlike the term “impulsivity,” “executive function” is an umbrella term that encompasses a

number of cognitive operations involving the coordination of sub-processes in order to

facilitate complex cognitive processes [15]. Working memory, which enables both short-

term retention of information and active manipulation of this information [16], is an aspect

of executive function with strong relevance to impulsivity and substance use [17]. For

instance, people with better working memory capacity may be better able to inhibit

attentional focus on substance-related cues in the environment [18], which could have

implications for impulsive behavior and likelihood of substance use.

In addition to impulsive responses, individuals make impulsive decisions or choices when

they favor immediate and certain outcomes over distal and less certain ones to an inordinate

degree. Excessive preference for immediate outcomes is often referred to as delay

discounting, whereas excessive preference for certain outcomes is often referred to as

probability discounting [19, 20].

Difficulties with self-control and addictive behaviors are closely related in several respects

(see [21, 22]in this section). Difficulties with self-control predict alcohol involvement

longitudinally. Impulsive adolescents are at greater risk of subsequent heavy alcohol and/or

drug use, which, in turn, is associated with greater likelihood of an alcohol use disorder

(AUD) [23]. Relationships between alcohol use and impulsivity/related constructs are likely

to be reciprocal. Impulsivity predisposes individuals to alcohol misuse and related problems,
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and heavy alcohol is associated with subsequent increases in impulsivity among college

students ([24], though see [25]). Alcohol use is likely to affect self-control over the longer

term as well. Alcohol dependent older adults exhibit frontal lobe volume losses [26],

suggesting possible compromised executive functioning and poorer self-control as a result.

Acutely, alcohol use can also lead to more impulsive action: in particular, greater difficulties

inhibiting automatic, prepotent responses (see [27]).

Neurobiological and genetic evidence also supports close relationships between alcohol

involvement and difficulties with self-control. Problem alcohol use and difficulties with

selfcontrol are associated with atypical function in similar brain regions (e.g., prefrontal

cortex (PFC), ventral striatum; [28]) and in common neurotransmitter and peptide systems,

such as dopamine, serotonin and endogenous opioids [29, 30]). Genetic studies have found

common risk factors among self-control difficulties such as conduct disorder and substance-

use disorders [31] (see also [22], this section). Conduct disorder is a psychological condition

diagnosed in childhood or adolescence characterized by a pattern of repetitive and persistent

behavior in which basic rights of others or age-appropriate norms are violated. Conduct

disorder is often viewed as a precursor to antisocial personality disorder [32].

Given the strength of the relationship between alcohol use and difficulties with self-control,

those who successfully reduce their alcohol use in treatment are likely to exhibit greater self-

control subsequently. However, it is also advantageous to target self-control enhancement

directly. Though clearly related to alcohol misuse, self-control difficulties tend to predate

alcohol use [33]. Further, impulsive individuals are at greater risk of relapse following

alcohol treatment [34].

While any intervention that decreases alcohol use could lead to parallel enhancement of self-

control, we have focused on alcohol reduction interventions for which there is evidence

suggesting direct benefit in enhancing self-control. Interventions could enhance self-control

by targeting any of the cognitive operations and patterns of impulsive behavior discussed

above, including difficulty inhibiting prepotent responses, delay discounting and working

memory. Given the focus on alcohol, we report evidence from alcohol studies wherever

possible; however, for cases in which no alcohol findings are available, we discuss findings

on other addictive behaviors or forms of psychopathology. We summarize the evidence for

three primary types of interventions: pharmacotherapy, psychosocial/behavioral

interventions and neurophysiological interventions (see Table 1 for an overview of evidence

supporting each type of intervention).

The present review aims merely to suggest a number of treatment options and is not

intended to be an exhaustive review of interventions for alcohol use reduction and self-

control enhancement. Currently, there is no intervention with strong evidence of efficacy for

both alcohol use reduction and self-control enhancement. However, multiple interventions

have strong evidence for one indication and solid or suggestive evidence for the other. In

this review, we report only on interventions with at least some demonstrated evidence for

both indications. While some interventions are well-supported empirically for one indication

and have proposed mechanisms of action supporting potential benefit for the other (e.g., the

catechol-O-methyltransferase [COMT] inhibitor tolcapone [35, 36]), we viewed such
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interventions as too speculative at this stage and thus opted not to include them in the

present review. With each intervention, we began by presenting evidence of its efficacy for

alcohol use reduction and related potential mechanisms of action, followed by evidence and

mechanisms related to enhanced self-control. In all cases, we first discuss the clearest,

strongest evidence, followed by relevant equivocal or negative results.

Pharmacotherapy

Opioid antagonists

Naltrexone and other opioid antagonists are the class of pharmacotherapies with the

strongest empirical support for alcohol use reduction and self-control enhancement.

Naltrexone is FDA-approved for the treatment of alcohol dependence and has demonstrated

efficacy in reducing alcohol consumption [37], although there have been negative trials

(e.g., [38]). Nalmefene is another opioid antagonist that is efficacious for reducing alcohol

intake, including a recent placebo-controlled clinical trial supporting “as needed” use in

anticipation of drinking situations [39]. Mechanisms of action underlying reduction of

alcohol use with opioid antagonists are not fully understood, but appear to include

dampening of rewarding and stimulating effects, along with increasing sedative effects [40,

41], resulting in a slower pace of drinking [42, 43].

Based on aforementioned dual process theories [7–9], dampened reward and a slowing

effect on drinking would theoretically facilitate adaptive response inhibition, thereby

reducing impulsive behavior. The efficacy of opioid antagonists for treating kleptomania (an

impulse control disorder) and gambling disorder (previously classified as an impulse control

disorder [44] now classified as a behavioral addiction in DSM-5 [45]) supports their utility

for self-control enhancement. Impulsivity and risk-taking are inherently part of these

conditions [46, 47]; thus, a decrease in symptoms necessarily entails enhancement of self-

control. Clinical trials of naltrexone [48, 49] and nalmefene [50] support the efficacy of

these medications for the treatment of gambling disorder. Naltrexone also had positive

results for kleptomania symptoms in a small clinical trial [51].

Animal and human laboratory data offer some support for opioid antagonist efficacy in

reducing impulsive behavior but also some equivocal results. Naltrexone reduced morphine-

induced preference for small immediate rewards over larger delayed rewards in rats [52], but

not in mice [53]. A later rat study found that the opioid antagonist naloxone reduced

impulsive responding on the five-choice serial reaction time task but did not ameliorate

impulsive choice in a delayed reward task [54]. Human laboratory studies of delay-

discounting show beneficial effects of naltrexone among abstinent alcoholics [55] and

people with a positive family history of alcoholism following a moderate dose of alcohol

[56], however these effects were modified by a personality factor: locus of control (LOC)

[57]. LOC is a personality measure reflecting one’s perception of individual control over life

events. An internal attribution style predicted more impulsive choices on naltrexone, while

impulsive choices were reduced by naltrexone among those with an external attribution style

[55, 56]. Naltrexone may alter impulsive choice by altering the level of dopamine signaling

in the frontal cortex [58–60], based on the following evidence. LOC scores reflect tonic

frontal dopamine transmission [61]; impulsive choice varies with measures of tonic frontal
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dopamine according to a U-shaped function [62, 63]; and the effect of acute changes in

dopamine signaling on impulsive choice depends on tonic frontal dopamine [64]. Family

history dependence of this effect could reflect family history based differences in

naltrexone-induced cortisol release [65], or in endogenous opioid signaling [66].

Brief summary of opioid antagonist findings—Evidence shows beneficial effects of

opioid antagonists in reducing alcohol use. Regarding enhancement of self-control, the

strongest evidence comes from clinical trials for gambling disorder and kleptomania.

Animal studies have yielded findings of reduced impulsive response and choice; however

there have also been negative results. Human laboratory findings suggest beneficial effects

of naltrexone but that these effects are moderated by pre-existing traits. On balance, the

evidence suggests a beneficial effect of opioid antagonists in self-control enhancement,

however further research is needed to clarify the relationship between their effects on

impulsive responding and on alcohol use, particularly in humans, and to identify

mechanisms that explain why effects of naltrexone may be moderated by personality traits.

Varenicline

Although less well studied than opioid antagonists, there is also solid evidence that

varenicline, an FDA-approved pharmacotherapy for nicotine dependence, can reduce

alcohol use and enhance self-control. Varenicline is a highly selective partial agonist of the

alpha-4, beta-2, and full agonist of the alpha-7, nicotinic acetylocholine receptors.

Rewarding effects of both alcohol and nicotine are believed to be partially mediated by

activity at nicotinic acetylcholine receptors [67, 68], suggesting potential efficacy for

reducing alcohol as well as nicotine intake. Varenicline has been shown to reduce alcohol

seeking and self-administration in rats [69] and mice [70]. Findings from human laboratory

research [71] and small clinical trials [72, 73] similarly demonstrate varenicline’s efficacy in

reducing alcohol use among smokers who drink heavily. Most recently, findings from a

multi-site clinical trial indicate that varenicline reduces alcohol intake among both smokers

and non-smokers [74]. Varenicline has been associated with weaker rewarding effects [71]

and greater sedating effects of alcohol [70, 72].

Evidence suggests varenicline may have direct effects on executive functioning. First, a

recent smoking cessation clinical trial demonstrated beneficial effects of varenicline on

concentration [75]. Second, varenicline has also been shown to improve working memory

and attentional deficits during nicotine withdrawal in a short-term study [76]. Finally, a

recent monkey neurophysiology study demonstrated an integral role for the alpha-7 nicotine

acetylcholine receptor, a varenicline target, in the persistent activity in the dorsolateral

prefrontal cortex underlying working memory [77]. This latter result suggests a possible

mechanism underlying varenicline’s beneficial effect on working memory and potentially

other executive functions.

In addition to evidence that varenicline may benefit executive function, varenicline’s

attenuation of alcohol-related reward [78] and potentiation of alcohol-related sedation [79,

80] may have ramifications for impulse control. Again based on dual-process theories [7, 9,

81], greater self-control is probable when reward is less salient and a “slowing” effect
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occurs. Studies are needed to relate varenicline’s effects in reducing alcohol-related reward

and enhancing sedation to performance on impulsive response and choice tasks in humans

directly.

In summary, solid evidence supports varenicline’s efficacy in reducing alcohol use. Initial

results suggest benefits in enhancing cognitive operations associated with executive

function. Studies in humans are needed to directly relate varenicline’s effects on alcohol-

related reward and sedation to its effects on impulsive response and choice tasks.

Other Possible Pharmacotherapies

Glutamatergic medications—Glutamate is the brain’s primary excitatory

neurotransmitter and, as such, mediates reward-seeking both generally and pertaining to

substance use [4, 82, 83]. Imbalance in glutamate homeostasis triggers changes in

neuroplasticity that adversely affect communications between the PFC and nucleus

accumbens, potentially leading to excessive reward-seeking [82]. Animal models also

support a role for glutamatergic signaling in mediating reward-seeking in substance use

disorders [84]. For example, memantine, an NMDA-type glutamate receptor antagonist,

reduces alcohol self-administration (e.g., [53]). Moreover, human laboratory studies show

that memantine decreases alcohol cue-induced craving [85], though clinical trial findings to

date are negative (e.g., [86]). However, clinical trial data do suggest a role for glutamatergic

medications in improving impulse control. N-acetyl cysteine (NAC) —a glutamatergic

nutriceutical thought to restore substance-abuse-induced glutamatergic dysregulation in the

ventral striatum and to regulate extracellular glutamate concentration—showed efficacy in

reducing problem gambling severity in an open-label study with double-blind

discontinuation phase [87]. Further, memantine improved performance among gamblers on

the intradimensional/extradimensional set-shifting task, a measure of cognitive flexibility

(i.e., avoidance of perseveration) [88]. In contrast to these human findings, basic science

findings with memantine have been largely negative in terms of benefit to impulsivity [53]

and other self-control deficits (e.g., overactivity; [89]),

In summary, animal studies and human laboratory research suggest potential efficacy for

medications regulating glutamatergic activity in reducing alcohol consumption though

limited human clinical trial findings have been negative. In contrast, human findings are

somewhat stronger in terms of self-control benefits when compared with evidence from

animals. While these findings suggest promise for gluatmatergic medications for both

indications, further research is needed, particularly due to these contrasting results.

Modafinil—Modafinil is a wakefulness agent that is FDA approved for narcolepsy and also

shows utility as a cognitive enhancer [90]. Though there is solid evidence for cognitive

enhancing effects of modafinil, current evidence regarding alcohol use is limited. In a recent

study, modafinil outperformed placebo on certain alcohol outcomes such as time to relapse,

however the medication did not have beneficial effects overall. Also, the benefits of

modafinil on alcohol were limited to participants who showed weaker response inhibition

initially [91].
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Modafinil weakly inhibits the dopamine transporter with additional effects on GABA and

glutamate transmission [92]. Cognitive enhancing effects of modafinil may be attributable to

its actions at the dopamine transporter [93]. Notably, the benefits of modafinil in preventing

executive dysfunction due to sleep deprivation were moderated by COMT genotype. COMT

catalyzes the breakdown of dopamine, supporting a relationship between modafinil’s

cognitive enhancing effects and dopamine activity [94]. Modafinil administration has also

been linked to enhanced activation in the anterior cingulate cortex and ventrolateral PFC

[95], brain regions implicated in executive functions.

Recent evidence suggests modafinil can improve self-control among alcohol dependent

patients. In both alcohol dependent patients and healthy controls, modafinil improved

performance on a Stroop task, which requires inhibition of prepotent responses and

specifically, avoidance of cognitive interference [96]. Among alcohol dependent participants

only, modulation of activity in the default mode network (a brain network underlying

internally-focused thought, which optimally is subsumed during demanding external tasks)

may have partly mediated modafinil’s effects [96]. In another investigation, the same group

found benefits of modafinil in enhancing performance on a different task requiring

inhibition of prepotent responses, however only among alcohol dependent participants who

initially performed poorly on the task. Modafinil was associated with declining performance

among alcohol dependent individuals with better initial performance [96]. These results are

reminiscent of the “inverted-U” model of dopamine’s effect on cognitive function [97] and

thus provide further evidence to attribute modafinil’s effects to its impact on dopaminergic

signaling.

In summary, modafinil’s benefit in reducing alcohol use remains uncertain although data

suggest beneficial effects among those with response inhibition difficulties. Modafinil shows

promise for enhancing self-control among those with alcohol dependence with demonstrated

mediating neurological effects. These effects are more pronounced among those with greater

initial self-control difficulties. Further research is needed to determine whether modafinil

has a direct effect in reducing alcohol use though its most promising indication may be for

cognitive enhancement in conjunction with other interventions directly targeting alcohol use.

Summary of pharmacotherapy results

Few medications are currently approved for treating AUD and the mechanisms underlying

their therapeutic benefit remain unclear. However, converging evidence suggests that at least

some of their clinical benefit may derive from increasing cognitive control, particularly

among those with more severe cognitive control deficits. This points to the idea of pursuing

further medications for AUD that have been shown to improve cognitive control,

particularly in patients characterized by high trait impulsivity.

Psychosocial/Behavioral Interventions

Cognitive behavioral therapy

Cognitive Behavioral Therapy (CBT) is a psychotherapy modality designed to teach tangible

strategies to prevent substance use. An important assumption of CBT is that maladaptive

behaviors are acquired through learning. Further, distorted thoughts (e.g., the only way to
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have fun is to drink) and poor coping responses to feelings play a fundamental role in

behavior. Accordingly, CBT sessions are often focused on challenging such cognitions and

learning how to cope with thoughts and feelings without substance use. A recent meta-

analysis showed an overall beneficial effect of CBT for AUD [98].

CBT could enhance self-control more broadly, in addition to its associations with alcohol

use reduction. CBT typically includes skill-building to recognize and avoid high-risk

contexts and to cope effectively with these situations [99]. It is likely that gains in these

areas would translate to enhanced self-control. In a sample of primarily cocaine dependent

individuals, CBT decreased fMRI BOLD signal associated with cognitive interference

during the Stroop task in frontal cortical regions previously implicated in impulse control

[100]. This result suggests the possibility of minimized cognitive interference following

CBT, which could promote less impulsive responding and decision-making. Moreover, in

another study, when nicotine dependent participants used CBT-compatible cognitive

strategies, they showed enhanced activity in frontal cortical regions and decreased activity in

subcortical regions compared to trials when they used CBT-incompatible strategies. These

patterns of frontal cortical and subcortical activity are associated with effective impulse

control and emotion regulation [101]. We found no published results in which CBT for

AUD was also associated with enhanced self-control although these results in other

addictions are promising.

In summary, CBT reduces alcohol use and findings suggest that it can enhance self-control

among those with other addictions. At present, data regarding self-control effects of CBT

among heavy drinkers/individuals with AUD are lacking.

Contingency management

The objective of contingency management (CM) is to decrease substance use through

provision of alternate reinforcers, often vouchers exchanged for prizes or direct cash

payments. CM requires two primary components: 1) a target behavior that can be detected

reliably and frequently; and 2) provision of tangible reinforcers immediately after

confirming the goal behavior [102]. CM has demonstrated efficacy in the treatment of AUD

[103, 104]. By substituting alternate reinforcers, CM essentially aims to weaken powerful

automatic, associative learning underlying addiction.

In addition to benefits regarding substance use, this shift in orientation away from

substance-related reinforcement toward other types of reinforcement may benefit self-

control generally. Weakening automatic associations linking substance use with reward may

facilitate inhibition of prepotent responses and choices to delay gratification. Suggestive

evidence regarding CM and self-control comes from a pooled analysis of three clinical trials

for cocaine use disorder [105]. These findings showed greater decreases in other psychiatric

symptoms among those in CM conditions compared to control condition participants.

Several of the psychiatric symptoms that showed improvement with CM have relevance to

self-control, including hostility. In future research, it would be valuable to assess the extent

to which these types of gains apply to AUD treatment as well.
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Mindfulness training

Mindfulness-based training interventions involve attending to immediate experience with an

attitude of acceptance [106]. As such, much of the benefit of mindfulness training relates to

enhanced ability to focus and maintain attention optimally. The ability to focus and maintain

attention optimally is highly relevant both to avoiding substance use and to self-control

generally. Alcohol-related attentional bias decreased following mindfulness training among

adults with AUD [107], suggesting that mindfulness training may have clinical benefit.

Along these lines, Bowen et al. [108] compared a mindfulness training aftercare program to

treatment as usual and found that those in the mindfulness condition reported significantly

less alcohol and drug use.

Experienced meditators can decrease mental engagement by distracting stimuli more

broadly, which has been verified by neurophysiologic data showing reduced amplitude in

the P3a event-related potential in response to distractors [109]. On a related note,

mindfulness has been linked to enhanced performance on the Stroop task, indicating

stronger cognitive control and less interference by salient distractor stimuli [110].

Mindfulness has also been associated with other executive function enhancements, including

sustained attention and working memory [111–114].

In summary, early evidence supports the utility of mindfulness training for AUD and for

enhancing multiple facets of cognitive control including attention, resistance to distraction

and other executive functions. Thus, this intervention holds promise as a dual intervention

both to reduce alcohol use and to enhance self-control.

Other cognitive control training procedures

Other training procedures have shown promise in reducing alcohol and other substance use,

and in enhancing cognitive functions relevant to self-control. Given the relevance of these

approaches to the present review, we considered it important to include them, albeit briefly

given outstanding recent review articles on the topic of cognitive control training (e.g.,

[115]). These procedures are grouped into two categories: cognitive bias modification and

strategies targeting general cognitive abilities pertinent to addictions.

There is strong evidence that perpetuation of addictive behaviors is mediated in part by

cognitive biases favoring continued substance use. The most well-articulated form of

cognitive bias is the tendency for substance users to attend inordinately to cues associated

with that substance, referred to as attentional bias [115, 116]. Many substance users also

show a tendency to seek out and approach cues associated with that substance, referred to as

automatic approach tendencies [7, 115]. Cognitive bias modification procedures have been

developed to ameliorate both attentional bias toward alcohol cues [12] and automatic

approach tendencies toward alcohol [7]. These procedures have shown efficacy in reducing

cognitive biases toward alcohol cues and, in some cases, have been associated with

reductions in alcohol self-administration in the laboratory [12] and more favorable clinical

outcomes [117–119]. Evidence for reduced attention allocated to alcohol cues and reduced

approach tendencies toward alcohol cues suggest benefit to self-control generally. However,

we are aware of no findings in which reduced cognitive bias toward alcohol cues was
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associated with improved performance on cognitive tasks related to impulsivity, such as

response inhibition or delay discounting tasks.

A number of interventions that target general cognitive abilities have shown efficacy in

reducing alcohol and other substance use. For example, working memory training has solid

supporting evidence to date. A training procedure showed effects in enhancing working

memory among problem drinkers, which related to reduced alcohol use, but only among

those with strong automatic positive associations to alcohol [120]. While working memory

training holds promise, the issue of which subjects may be most likely to benefit should be

addressed further in future studies.

Neurophysiological Interventions

The advent and growing use of tools allowing direct electrical interventions into the

neurophysiology of the human brain has ushered in the newest class of potential AUD

treatments. These include non-invasive repetitive transcranial magnetic stimulation (rTMS)

and transcranial direct current stimulation (tDCS), and the highly invasive deep brain

stimulation (DBS). Of these, rTMS has been the most frequently investigated [121]. These

interventions theoretically act by modulating frontal circuits engaged during decision-

making processes, effectively altering cognitive control [122]. Results of rTMS depend to a

great extent upon the target, stimulation frequency and number of sessions. In a study of

detoxified alcohol-dependent female patients, 10 days of high frequency rTMS to the right

dorsolateral PFC significantly reduced subjective craving [123]. In contrast, 10 days of high

frequency rTMS to the left dorsolateral PFC increased attentional bias toward alcohol cues

[124]. In the case of nicotine addiction, 10 daily rTMS sessions over the left dorsolateral

PFC, followed by less frequent rTMS sessions, significantly reduced cigarette use, nicotine

dependence, and cue-induced craving [125]. However, while a single application of high

frequency rTMS to the left dorsolateral PFC reduced delay discounting among non-

treatment-seeking smokers, it had no effect on cigarette use [126]. These findings show that

rTMS has potential as a treatment with direct benefit to alcohol use and other addictive

behaviors and potential benefit in enhancing self-control. However, further research is

needed to identify precisely which parameters are associated with particular beneficial

effects. Seizure risk associated with rTMS is also an important consideration.

Another noninvasive method for modulating neural circuit function, which poses less

seizure risk, is tDCS. The initial application to alcoholism showed that tDCS treatment to

right or left dorsolateral PFC reduced alcohol craving [127]. A more recent study of tDCS to

the left dorsolateral PFC replicated the effect on alcohol craving, along with a trend toward

increased executive function; however, tDCS treatment was also associated with increased

relapse likelihood [128]. Again, the precise protocol may be critical, as repeated tDCS to the

dorsolateral PFC reduces both smoking-cue induced cigarette craving and actual cigarette

use [129]. As with the pharmacological interventions discussed above, these

neurophysiological interventions may be best suited to AUD patients with the greatest

cognitive control deficits, although direct testing in this area is needed.
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Due to its requirement of surgery, DBS is a treatment of last resort for AUDs. However,

DBS has been applied to several neurobehavioral disorders and based on its utility in

modulating dysregulated brain networks, it is of growing interest in the addictions [130].

Alleviation of comorbid AUD was also reported in the initial case report of DBS in the

nucleus accumbens to treat severe anxiety and depression [131]. A more recent report of

DBS in the nucleus accumbens specifically to treat AUD also showed reduced alcohol

intake and craving [132]. Pertinent to this review, the latter study also found general

improvements in cognitive control with DBS treatment. While preliminary, DBS in the

nucleus accumbens holds promise for treating severe intractable AUD, and may prove

particularly helpful in populations with severe cognitive control deficits.

Conclusion

Overall, evidence for concurrent direct benefit to both alcohol use reduction and to self-

control enhancement is limited, however a number of interventions show strong evidence for

one indication and at least suggestive evidence for the other. Opioid antagonists have the

strongest evidence for both alcohol use reduction and self-control enhancement. Varenicline

also has solid evidence in terms of both alcohol use and self-control. However, even with

these medications, there are some negative findings in terms of self-control enhancement.

Regarding psychosocial and behavioral interventions, both mechanisms believed to underlie

effects of CBT, CM and mindfulness training, along with empirical evidence, suggest their

utility for alcohol use reduction and self-control enhancement. Cognitive bias modification

has evidence to support its efficacy in reducing alcohol use and in ameliorating attentional

bias and approach biases toward alcohol cues. Decreased cognitive bias is likely to have a

positive effect on self-control more broadly. However, we found no results linking

decreased cognitive bias for substance cues with enhanced performance on tasks indicative

of decreased impulsivity or other relevant cognitive functions more broadly.

Neurophysiological interventions have promise both for alcohol use reduction and self-

control enhancement, however they have considerable side effects and DBS is an invasive

procedure.

We have offered several suggestions for future areas of study. In terms of self-control

enhancement, proposed mechanisms support benefit in reducing self-control more broadly in

multiple cases, however more empirical evidence is needed. Cognitive bias modification is

an example, along with benefits of CBT for self-control enhancement among AUD patients

specifically. Also, more research on possible moderator effects and their clinical

implications should be explored since self-control enhancement may only apply to subsets

of participants. In the absence of overwhelming evidence supporting efficacy of individual

interventions for both alcohol use reduction and self-control enhancement, further studies

are needed to test combined interventions.

References

Recently published papers of particular importance have been highlighted as:

*Of importance

Leeman et al. Page 11

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



1. Merriam-Webster Inc. Merriam-Webster's collegiate dictionary. Eleventh Edition. Springfield, MA:
Merriam-Webster Incorporated; 2003.

2. Evenden JL. Varieties of impulsivity. Psychopharmacology (Berl). 1999; 146:348–361. [PubMed:
10550486]

3. Dick DM, Smith G, Olausson P, et al. Understanding the construct of impulsivity and its
relationship to alcohol use disorders. Addiction Biology. 2010; 15:217–226. [PubMed: 20148781]
Brief review of methods used and variables assessed in animal and human research, pertinent to the
study of impulsivity

4. Brewer JA, Potenza MN. The neurobiology and genetics of impulse control disorders: relationships
to drug addictions. Biochem Pharmacol. 2008; 75:63–75. [PubMed: 17719013]

5. Moeller FG, Barratt ES, Dougherty DM, et al. Psychiatric aspects of impulsivity. American Journal
of Psychiatry. 2001; 158:1783–1793. [PubMed: 11691682]

6. Carver CS, White TL. Behavioral-Inhibition, Behavioral Activation, and Affective Responses to
Impending Reward and Punishment - the Bis Bas Scales. Journal of Personality and Social
Psychology. 1994; 67:319–333.

7. Wiers RW, Rinck M, Kordts R, et al. Retraining automatic action-tendencies to approach alcohol in
hazardous drinkers. Addiction. 2010; 105:279–287. [PubMed: 20078486] Initial study to test
approach tendency retraining for alcohol

8. Bechara A. Decision making, impulse control and loss of willpower to resist drugs: a neurocognitive
perspective. Nat Neurosci. 2005; 8:1458–1463. [PubMed: 16251988]

9. Gray JA. Brain Systems That Mediate Both Emotion and Cognition. Cognition & Emotion. 1990;
4:269–288.

10. Sharma L, Markon KE, Clark LA. Toward a Theory of Distinct Types of "Impulsive" Behaviors: A
Meta-Analysis of Self-Report and Behavioral Measures. Psychol Bull. 2013 in press.
Comprehensive, very recent meta-analyses of both self-report and behavioral task measures of
impulsivity

11. Patton JH, Stanford MS, Barratt ES. Factor structure of the Barratt Impulsiveness Scale. Journal of
Clinical Psychology. 1995; 51:768–774. [PubMed: 8778124]

12. Field M, Eastwood B. Experimental manipulation of attentional bias increases the motivation to
drink alcohol. Psychopharmacology (Berl). 2005; 183:350–357. [PubMed: 16235080]

13. Cox WM, Hogan LM, Kristian MR, Race JH. Alcohol attentional bias as a predictor of alcohol
abusers' treatment outcome. Drug and Alcohol Dependence. 2002; 68:237–243. [PubMed:
12393218]

14. Cox WM, Pothos EM, Hosier SG. Cognitive-motivational predictors of excessive drinkers' success
in changing. Psychopharmacology (Berl). 2007; 192:499–510. [PubMed: 17333136]

15. Elliott R. Executive functions and their disorders. British Medical Bulletin. 2003; 65:49–59.
[PubMed: 12697616]

16. Becker JT, Morris RG. Working memory(s). Brain Cogn. 1999; 41:1–8. [PubMed: 10536082]

17. Finn PR. Motivation, working memory, and decision making: a cognitive-motivational theory of
personality vulnerability to alcoholism. Behav Cogn Neurosci Rev. 2002; 1:183–205. [PubMed:
17715592]

18. Liu SJ, Lane SD, Schmitz JM, et al. Relationship between attentional bias to cocaine-related
stimuli and impulsivity in cocaine-dependent subjects. American Journal of Drug and Alcohol
Abuse. 2011; 37:117–122. [PubMed: 21204739]

19. Bidwell LC, MacKillop J, Murphy JG, et al. Biphasic effects of alcohol on delay and probability
discounting. Exp Clin Psychopharmacol. 2013; 21:214–221. [PubMed: 23750692]

20. MacKillop J, Amlung MT, Few LR, et al. Delayed reward discounting and addictive behavior: a
meta-analysis. Psychopharmacology (Berl). 2011; 216:305–321. [PubMed: 21373791] Meta-
analysis of delay discounting results in the addictions

21. King K, Patock-Peckham J, Dager A, et al. On the Mis-measurement of Impulsivity: Trait,
Behavioral, and Neural Models in Alcohol Research Among Adolescents and Young Adults.
Current Addiction Reports. 2013 In Press.

22. Littlefield AK, Stevens AK, Sher KJ. Impulsivity and Alcohol Involvement: Multiple, Distinct
Constructs and Processes. Current Addiction Reports. In Press.

Leeman et al. Page 12

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



23. Chassin L, Flora DB, King KM. Trajectories of alcohol and drug use and dependence from
adolescence to adulthood: The effects of familial alcoholism and personality. Journal of Abnormal
Psychology. 2004; 113:483–498. [PubMed: 15535782]

24. Quinn PD, Stappenbeck CA, Fromme K. Collegiate Heavy Drinking Prospectively Predicts
Change in Sensation Seeking and Impulsivity. Journal of Abnormal Psychology. 2011; 120:543–
556. [PubMed: 21443288] Prospective study in college student sample showing relationships
between impulsivity and heavy drinking.

25. Littlefield AK, Verges A, Wood PK, Sher KJ. Transactional Models Between Personality and
Alcohol Involvement: A Further Examination. Journal of Abnormal Psychology. 2012; 121:778–
783. [PubMed: 22288908] Prospective study in college student sample showing relationships
between impulsivity and heavy drinking.

26. Pfefferbaum A, Sullivan EV, Mathalon DH, Lim KO. Frontal lobe volume loss observed with
magnetic resonance imaging in older chronic alcoholics. Alcoholism-Clinical and Experimental
Research. 1997; 21:521–529.

27. Field M, Wiers RW, Christiansen P, et al. Acute alcohol effects on inhibitory control and implicit
cognition: implications for loss of control over drinking. Alcoholism-Clinical and Experimental
Research. 2010; 34:1346–1352. Strong, brief review of literatures on inhibitory control, implicit
cognition and alcohol misuse

28. Chambers RA, Taylor JR, Potenza MN. Developmental neurocircuitry of motivation in
adolescence: a critical period of addiction vulnerability. Am J Psychiatry. 2003; 160:1041–1052.
[PubMed: 12777258]

29. Jentsch JD, Taylor JR. Impulsivity resulting from frontostriatal dysfunction in drug abuse:
implications for the control of behavior by reward-related stimuli. Psychopharmacology (Berl).
1999; 146:373–390. [PubMed: 10550488]

30. Kreek MJ, Nielsen DA, Butelman ER, LaForge KS. Genetic influences on impulsivity, risk taking,
stress responsivity and vulnerability to drug abuse and addiction. Nat Neurosci. 2005; 8:1450–
1457. [PubMed: 16251987]

31. 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. Archives of
General Psychiatry. 2003; 60:929–937. [PubMed: 12963675]

32. American Psychiatric Association. Diagnositc and statistical manual of mental disorders. 5th ed..
Arlington, VA: American Psychiatric Association; 2013.

33. King KM, Fleming CB, Monahan KC, Catalano RF. Changes in Self-Control Problems and
Attention Problems During Middle School Predict Alcohol, Tobacco, and Marijuana Use During
High School. Psychology of Addictive Behaviors. 2011; 25:69–79. [PubMed: 21219040]

34. Muller SE, Weijers HG, Boning J, Wiesbeck GA. Personality traits predict treatment outcome in
alcohol-dependent patients. Neuropsychobiology. 2008; 57:159–164. [PubMed: 18654085]

35. Kayser AS, Allen DC, Navarro-Cebrian A, et al. Dopamine, corticostriatal connectivity, and
intertemporal choice. J Neurosci. 2012; 32:9402–9409. [PubMed: 22764248]

36. Grant JE, Odlaug BL, Chamberlain SR, et al. A proof of concept study of tolcapone for
pathological gambling: Relationships with COMT genotype and brain activation. Eur
Neuropsychopharmacol. 2013; 23:1587–1596. [PubMed: 23953269]

37. Rosner S, Hackl-Herrwerth A, Leucht S, et al. Opioid antagonists for alcohol dependence.
Cochrane Database of Systematic Reviews. 2010

38. Krystal JH, Cramer JA, Krol WF, et al. Naltrexone in the treatment of alcohol dependence. New
England Journal of Medicine. 2001; 345:1734–1739. [PubMed: 11742047]

39. Mann K, Bladstrom A, Torup L, et al. Extending the Treatment Options in Alcohol Dependence: A
Randomized Controlled Study of As-Needed Nalmefene. Biol Psychiatry. 2013; 73:706–713.
[PubMed: 23237314] Very recent clinical trial demonstrating efficacy of as needed nalmefene for
alcohol use reduction

40. King AC, Volpicelli JR, Frazer A, OBrien CP. Effect of naltrexone on subjective alcohol response
in subjects at high and low risk for future alcohol dependence. Psychopharmacology (Berl). 1997;
129:15–22. [PubMed: 9122358]

Leeman et al. Page 13

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



41. Swift RM, Whelihan W, Kuznetsov O, et al. Naltrexone-induced alterations in human ethanol
intoxication. Am J Psychiatry. 1994; 151:1463–1467. [PubMed: 8092339]

42. O'Malley SS, Krishnan-Sarin S, Farren C, et al. Naltrexone decreases craving and alcohol self-
administration in alcohol-dependent subjects and activates the hypothalamo-pituitary-
adrenocortical axis. Psychopharmacology (Berl). 2002; 160:19–29. [PubMed: 11862370]

43. Anton RF, Drobes DJ, Voronin K, et al. Naltrexone effects on alcohol consumption in a clinical
laboratory paradigm: temporal effects of drinking. Psychopharmacology (Berl). 2004; 173:32–40.
[PubMed: 14722705]

44. American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-IV-
TR. Washington, DC: American Psychiatric Association; 2000.

45. American Psychiatric Association. Diagnostic and statistical manual of mental disorders : DSM-5.
Washington, D.C.: American Psychiatric Association; 2013.

46. Grant JE, Levine L, Kim D, Potenza MN. Impulse control disorders in adult psychiatric inpatients.
American Journal of Psychiatry. 2005; 162:U2184–U2186.

47. Dell'Osso B, Altamura AC, Allen A, et al. Epidemiologic and clinical updates on impulse control
disorders - A critical review. European Archives of Psychiatry and Clinical Neuroscience. 2006;
256:464–475. [PubMed: 16960655]

48. Kim SW, Grant JE, Adson DE, Shin YC. Double-blind naltrexone and placebo comparison study
in the treatment of pathological gambling. Biol Psychiatry. 2001; 49:914–921. [PubMed:
11377409]

49. Grant JE, Kim SW, Hartman BK. A double-blind, placebo-controlled study of the opiate antagonist
naltrexone in the treatment of pathological gambling urges. J Clin Psychiatry. 2008; 69:783–789.
[PubMed: 18384246]

50. Grant JE, Potenza MN, Hollander E, et al. Multicenter investigation of the opioid antagonist
nalmefene in the treatment of pathological gambling. American Journal of Psychiatry. 2006;
163:303–312. [PubMed: 16449486]

51. Grant JE, Kim SW, Odlaug BL. A Double-Blind, Placebo-Controlled Study of the Opiate
Antagonist, Naltrexone, in the Treatment of Kleptomania. Biol Psychiatry. 2009; 65:600–606.
[PubMed: 19217077]

52. Kieres AK, Hausknecht KA, Farrar AM, et al. Effects of morphine and naltrexone on impulsive
decision making in rats. Psychopharmacology (Berl). 2004; 173:167–174. [PubMed: 14752586]

53. Oberlin BG, Bristow RE, Heighton ME, Grahame NJ. Pharmacologic Dissociation Between
Impulsivity and Alcohol Drinking in High Alcohol Preferring Mice. Alcoholism-Clinical and
Experimental Research. 2010; 34:1363–1375.

54. Wiskerke J, Schetters D, van Es IE, et al. mu-Opioid receptors in the nucleus accumbens shell
region mediate the effects of amphetamine on inhibitory control but not impulsive choice. J
Neurosci. 2011; 31:262–272. [PubMed: 21209211]

55. Mitchell JM, Tavares VC, Fields HL, et al. Endogenous opioid blockade and impulsive responding
in alcoholics and healthy controls. Neuropsychopharmacology. 2007; 32:439–449. [PubMed:
17047667]

56. Altamirano LJ, Fields HL, D'Esposito M, Boettiger CA. Interaction Between Family History of
Alcoholism and Locus of Control in the Opioid Regulation of Impulsive Responding Under the
Influence of Alcohol. Alcoholism-Clinical and Experimental Research. 2011; 35:1905–1914.

57. Rotter JB. Generalized expectancies for internal versus external control of reinforcement. Psychol
Monogr. 1966; 80:1–28. [PubMed: 5340840]

58. Margolis EB, Lock H, Chefer VI, et al. Kappa opioids selectively control dopaminergic neurons
projecting to the prefrontal cortex. Proc Natl Acad Sci U S A. 2006; 103:2938–2942. [PubMed:
16477003]

59. Herz, A.; Spanagel, R. Endogenous opioids and addiction. In: Tseng, L., editor. The Pharmacology
of Opioids. Germany: Harwood; 1995. p. 445-462.

60. Spanagel R, Herz A, Shippenberg TS. Opposing tonically active endogenous opioid systems
modulate the mesolimbic dopaminergic pathway. Proc Natl Acad Sci U S A. 1992; 89:2046–2050.
[PubMed: 1347943]

Leeman et al. Page 14

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



61. Declerck CH, Boone C, De Brabander B. On feeling in control: A biological theory for individual
differences in control perception. Brain Cogn. 2006

62. Boettiger CA, Mitchell JM, Tavares VC, et al. Immediate reward bias in humans: fronto-parietal
networks and a role for the catechol-O-methyltransferase 158(Val/Val) genotype. J Neurosci.
2007; 27:14383–14391. [PubMed: 18160646]

63. Smith CT, Boettiger CA. Age modulates the effect of COMT genotype on delay discounting
behavior. Psychopharmacology (Berl). 2012; 222:609–617. [PubMed: 22349272]

64. Kelm MK, Boettiger CA. Effects of Acute Dopamine Precusor Depletion on Immediate Reward
Selection Bias and Working Memory Depend on Catechol-O-methyltransferase Genotype. J Cogn
Neurosci. 2013; 25:2061–2071. [PubMed: 23937688]

65. King AC, Schluger J, Gunduz M, et al. Hypothalamic-pituitary-adrenocortical (HPA) axis response
and biotransformation of oral naltrexone: preliminary examination of relationship to family history
of alcoholism. Neuropsychopharmacology. 2002; 26:778–788. [PubMed: 12007748]

66. Govoni S, Bosio A, Di Monda E, et al. Immunoreactive met-enkephalin plasma concentrations in
chronic alcoholics and in children born from alcoholic mothers. Life Sci. 1983; 33:1581–1586.
[PubMed: 6633159]

67. Liu L, Hendrickson LM, Guildford MJ, et al. Nicotinic acetylcholine receptors containing the
alpha4 subunit modulate alcohol reward. Biol Psychiatry. 2013; 73:738–746. [PubMed: 23141806]

68. Soderpalm B, Ericson M, Olausson P, et al. Nicotinic mechanisms involved in the dopamine
activating and reinforcing properties of ethanol. Behav Brain Res. 2000; 113:85–96. [PubMed:
10942035]

69. Steensland P, Simms JA, Holgate J, et al. Varenicline, an alpha4beta2 nicotinic acetylcholine
receptor partial agonist, selectively decreases ethanol consumption and seeking. Proc Natl Acad
Sci U S A. 2007; 104:12518–12523. [PubMed: 17626178]

70. Kamens HM, Andersen J, Picciotto MR. Modulation of ethanol consumption by genetic and
pharmacological manipulation of nicotinic acetylcholine receptors in mice. Psychopharmacology
(Berl). 2010; 208:613–626. [PubMed: 20072781]

71. McKee SA, Harrison ELR, O'Malley SS, et al. Varenicline Reduces Alcohol Self-Administration
in Heavy-Drinking Smokers. Biol Psychiatry. 2009; 66:185–190. [PubMed: 19249750]

72. Fucito LM, Toll BA, Wu R, et al. A preliminary investigation of varenicline for heavy drinking
smokers. Psychopharmacology (Berl). 2011; 215:655–663. [PubMed: 21221531]

73. Mitchell JM, Teague CH, Kayser AS, et al. Varenicline decreases alcohol consumption in heavy-
drinking smokers. Psychopharmacology (Berl). 2012; 223:299–306. [PubMed: 22547331]

74. Litten RZ, Ryan ML, Fertig JB, et al. A double-blind, placebo-controlled trial assessing the
efficacy of varenicline tartrate for alcohol dependence. J Addict Med. 2013; 7:277–286. [PubMed:
23728065] Very recent clinical trial demonstrating efficacy of varenicline for alcohol dependence
treatment in smokers and non-smokers

75. Cinciripini PM, Robinson JD, Karam-Hage M, et al. Effects of Varenicline and Bupropion
Sustained-Release Use Plus Intensive Smoking Cessation Counseling on Prolonged Abstinence
From Smoking and on Depression, Negative Affect, and Other Symptoms of Nicotine Withdrawal.
JAMA Psychiatry. 2013; 70:522–533. [PubMed: 23536105]

76. Patterson F, Jepson C, Strasser AA, et al. Varenicline Improves Mood and Cognition During
Smoking Abstinence. Biol Psychiatry. 2009; 65:144–149. [PubMed: 18842256]

77. Yang Y, Paspalas CD, Jin LE, et al. Nicotinic alpha7 receptors enhance NMDA cognitive circuits
in dorsolateral prefrontal cortex. Proc Natl Acad Sci U S A. 2013; 110:12078–12083. [PubMed:
23818597]

78. McKee SA, Harrison EL, O'Malley SS, et al. Varenicline reduces alcohol self-administration in
heavy-drinking smokers. Biol Psychiatry. 2009; 66:185–190. [PubMed: 19249750]

79. Kamens HM, Andersen J, Picciotto MR. Modulation of ethanol consumption by genetic and
pharmacological manipulation of nicotinic acetylcholine receptors in mice. Psychopharmacology.
2010; 208:613–626. [PubMed: 20072781]

80. Fucito LM, Toll BA, Wu R, et al. A preliminary investigation of varenicline for heavy drinking
smokers. Psychopharmacology. 2011; 215:655–663. [PubMed: 21221531]

Leeman et al. Page 15

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



81. Bechara A. Decision making, impulse control and loss of willpower to resist drugs: a
neurocognitive perspective. Nature Neuroscience. 2005; 8:1458–1463.

82. Kalivas PW. The glutamate homeostasis hypothesis of addiction. Nature Reviews Neuroscience.
2009; 10:561–572.

83. Holmes A. Merger Fever: Can Two Separate Mechanisms Work Together to Explain Why We
Drink? Biol Psychiatry. 2011; 69:1015–1016. [PubMed: 21550435]

84. Brown RM, Kupchik YM, Kalivas PW. The Story of Glutamate in Drug Addiction and of N-
Acetylcysteine as a Potential Pharmacotherapy. Jama Psychiatry. 2013

85. Krupitsky EM, Neznanova O, Masalov D, et al. Effect of memantine on cue-induced alcohol
craving in recovering alcohol-dependent patients. Am J Psychiat. 2007; 164:519–523. [PubMed:
17329479]

86. Evans SM, Levin FR, Brooks DJ, Garawi F. A pilot double-blind treatment trial of memantine for
alcohol dependence. Alcoholism-Clinical and Experimental Research. 2007; 31:775–782.

87. Grant JE, Kim SW, Odlaug BL. N-acetyl cysteine, a glutamate-modulating agent, in the treatment
of pathological gambling: A pilot study. Biol Psychiatry. 2007; 62:652–657. [PubMed: 17445781]

88. Grant JE, Chamberlain SR, Odlaug BL, et al. Memantine shows promise in reducing gambling
severity and cognitive inflexibility in pathological gambling: a pilot study. Psychopharmacology
(Berl). 2010; 212:603–612. [PubMed: 20721537] Study findings demonstrated an effect of
memantine on difficulties with self-control

89. Idrus NM, McGough NNH, Spinetta MJ, et al. The effects of a single memantine treatment on
behavioral alterations associated with binge alcohol exposure in neonatal rats. Neurotoxicology
and Teratology. 2011; 33:444–450. [PubMed: 21565269]

90. Sofuoglu M, DeVito EE, Waters AJ, Carroll KM. Cognitive enhancement as a treatment for drug
addictions. Neuropharmacology. 2013; 64:452–463. [PubMed: 22735770]

91. Joos L, Goudriaan AE, Schmaal L, et al. The relationship between impulsivity and craving in
alcohol dependent patients. Psychopharmacology (Berl). 2013; 226:273–283. [PubMed:
23096771]

92. Minzenberg MJ, Carter CS. Modafinil: A review of neurochemical actions and effects on
cognition. Neuropsychopharmacology. 2008; 33:1477–1502. [PubMed: 17712350]

93. Zolkowska D, Jain R, Rothman RB, et al. Evidence for the involvement of dopamine transporters
in behavioral stimulant effects of modafinil. J Pharmacol Exp Ther. 2009; 329:738–746. [PubMed:
19197004]

94. Bodenmann S, Xu S, Luhmann UF, et al. Pharmacogenetics of modafinil after sleep loss: catechol-
O-methyltransferase genotype modulates waking functions but not recovery sleep. Clin Pharmacol
Ther. 2009; 85:296–304. [PubMed: 19037200]

95. Ghahremani DG, Tabibnia G, Monterosso J, et al. Effect of modafinil on learning and task-related
brain activity in methamphetamine-dependent and healthy individuals.
Neuropsychopharmacology. 2011; 36:950–959. [PubMed: 21289606]

96. Schmaal L, Joos L, Koeleman M, et al. Effects of Modafinil on Neural Correlates of Response
Inhibition in Alcohol-Dependent Patients. Biol Psychiatry. 2013; 73:211–218. [PubMed:
22858150]

97. Cools R, Robbins TW. Chemistry of the adaptive mind. Philos Transact A Math Phys Eng Sci.
2004; 362:2871–2888.

98. Magill M, Ray LA. Cognitive-behavioral treatment with adult alcohol and illicit drug users: a
meta-analysis of randomized controlled trials. J Stud Alcohol Drugs. 2009; 70:516–527. [PubMed:
19515291]

99. Kadden, RM.; Carroll, K.; Donavan, D., et al. Project MATCH Monograph Series.4. Rockville,
MD: National Institute on Alcohol Abuse and Alcoholism; 1992. Cognitive-Behavioral Coping
Skills Therapy Manual: A Clinical Research Guide for Therapists Treating Individuals with
Alcohol Abuse and Dependence.

100. DeVito EE, Worhunsky PD, Carroll KM, et al. A preliminary study of the neural effects of
behavioral therapy for substance use disorders. Drug and Alcohol Dependence. 2012; 122:228–
235. [PubMed: 22041256] An initial pre-treatment to post-treatment comparison of CBT’s

Leeman et al. Page 16

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



effects on the neural mechanisms underlying reduced cognitive interference among individuals
with substance abuse versus healthy controls

101. Kober H, Mende-Siedlecki P, Kross EF, et al. Prefrontal-striatal pathway underlies cognitive
regulation of craving. Proc Natl Acad Sci U S A. 2010; 107:14811–14816. [PubMed: 20679212]
Findings of this study linked use of CBT-relevant strategies to minimize craving to activity in
frontal cortical and subcortical regions of the brain that are associated with effective impulse
control and emotion regulation

102. Stitzer M, Petry N. Contingency management for treatment of substance abuse. Annu Rev Clin
Psychol. 2006; 2:411–434. [PubMed: 17716077]

103. Barnett NP, Tidey J, Murphy JG, et al. Contingency management for alcohol use reduction: a
pilot study using a transdermal alcohol sensor. Drug Alcohol Depend. 2011; 118:391–399.
[PubMed: 21665385]

104. Petry NM, Martin B, Cooney JL, Kranzler HR. Give them prizes, and they will come:
Contingency management for treatment of alcohol dependence. Journal of Consulting and
Clinical Psychology. 2000; 68:250–257. [PubMed: 10780125]

105. Petry NM, Alessi SM, Rash CJ. Contingency management treatments decrease psychiatric
symptoms. J Consult Clin Psychol. 2013; 81:926–931. [PubMed: 23544678]

106. Brewer JA, Worhunsky PD, Gray JR, et al. Meditation experience is associated with differences
in default mode network activity and connectivity. Proc Natl Acad Sci U S A. 2011; 108:20254–
20259. [PubMed: 22114193] Study provided empirical support for differences in brain activity
associated with mind-wandering and cognitive interference between experienced and naïve
meditators

107. Garland EL, Gaylord SA, Boettiger CA, Howard MO. Mindfulness Training Modifies Cognitive,
Affective, and Physiological Mechanisms Implicated in Alcohol Dependence: Results of a
Randomized Controlled Pilot Trial. Journal of Psychoactive Drugs. 2010; 42:177–192. [PubMed:
20648913] A preliminary study demonstrating that attentional bias is a mechanism through
which mindfulness may affecs substance use.

108. Bowen S, Chawla N, Collins SE, et al. Mindfulness-Based Relapse Prevention for Substance Use
Disorders: A Pilot Efficacy Trial. Substance Abuse. 2009; 30:295–305. [PubMed: 19904665]

109. Cahn BR, Polich J. Meditation (Vipassana) and the P3a event-related brain potential. Int J
Psychophysiol. 2009; 72:51–60. [PubMed: 18845193]

110. Chan D, Woollacott M. Effects of level of meditation experience on attentional focus: Is the
efficiency of executive or orientation networks improved? Journal of Alternative and
Complementary Medicine. 2007; 13:651–657.

111. Chiesa A, Calati R, Serretti A. Does mindfulness training improve cognitive abilities? A
systematic review of neuropsychological findings. Clin Psychol Rev. 2011; 31:449–464.
[PubMed: 21183265]

112. Jha AP, Stanley EA, Kiyonaga A, et al. Examining the protective effects of mindfulness training
on working memory capacity and affective experience. Emotion. 2010; 10:54–64. [PubMed:
20141302]

113. Semple RJ. Does Mindfulness Meditation Enhance Attention? A Randomized Controlled Trial.
Mindfulness. 2010; 1:121–130.

114. Chambers R, Lo BCY, Allen NB. The impact of intensive mindfulness training on attentional
control, cognitive style, and affect. Cognitive Therapy and Research. 2008; 32:303–322.

115. Wiers RJ, Gladwin TE, Hofmann W, et al. Cognitive Bias Modification and Cognitive Control
Training in Addiction and Related Psychopathology: Mechanisms, Clinical Perspectives, and
Ways Forward. Clinical Psychological Science. 2013; 1:192–212. Excellent very recent review
covering training paradigms aimed to influence addiction by targeting not only maladaptive
cognitive biases, but also general cognitive control processes.

116. Field M, Eastwood B. Experimental manipulation of attentional bias increases the motivation to
drink alcohol. Psychopharmacology. 2005; 183:350–357. [PubMed: 16235080]

117. Eberl C, Wiers RW, Pawelczack S, et al. Approach bias modification in alcohol dependence: do
clinical effects replicate and for whom does it work best? Dev Cogn Neurosci. 2013; 4:38–51.

Leeman et al. Page 17

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



[PubMed: 23218805] Study with long-term follow-up demonstrating efficacy of approach bias
retraining on clinical outcomes in alcohol dependent patients

118. Schoenmakers TM, de Bruin M, Lux IF, et al. Clinical effectiveness of attentional bias
modification training in abstinent alcoholic patients. Drug Alcohol Depend. 2010; 109:30–36.
[PubMed: 20064698]

119. Wiers RW, Eberl C, Rinck M, et al. Retraining automatic action tendencies changes alcoholic
patients' approach bias for alcohol and improves treatment outcome. Psychol Sci. 2011; 22:490–
497. [PubMed: 21389338]

120. Houben K, Wiers RW, Jansen A. Getting a grip on drinking behavior: training working memory
to reduce alcohol abuse. Psychol Sci. 2011; 22:968–975. [PubMed: 21685380]

121. Barr MS, Farzan F, Wing VC, et al. Repetitive transcranial magnetic stimulation and drug
addiction. Int Rev Psychiatry. 2011; 23:454–466. [PubMed: 22200135]

122. Fecteau S, Fregni F, Boggio PS, et al. Neuromodulation of decision-making in the addictive
brain. Substance use & misuse. 2010; 45:1766–1786. [PubMed: 20590399]

123. Mishra BR, Nizamie SH, Das B, Praharaj SK. Efficacy of repetitive transcranial magnetic
stimulation in alcohol dependence: a sham-controlled study. Addiction. 2010; 105:49–55.
[PubMed: 20078462]

124. Hoppner J, Broese T, Wendler L, et al. Repetitive transcranial magnetic stimulation (rTMS) for
treatment of alcohol dependence. World J Biol Psychiatry. 2011; 12(Suppl 1):57–62. [PubMed:
21905997]

125. Amiaz R, Levy D, Vainiger D, et al. Repeated high-frequency transcranial magnetic stimulation
over the dorsolateral prefrontal cortex reduces cigarette craving and consumption. Addiction.
2009; 104:653–660. [PubMed: 19183128]

126. Sheffer CE, Mennemeier M, Landes RD, et al. Neuromodulation of delay discounting, the
reflection effect, and cigarette consumption. J Subst Abuse Treat. 2013; 45:206–214. [PubMed:
23518286]

127. Boggio PS, Sultani N, Fecteau S, et al. Prefrontal cortex modulation using transcranial DC
stimulation reduces alcohol craving: a double-blind, sham-controlled study. Drug Alcohol
Depend. 2008; 92:55–60. [PubMed: 17640830]

128. da Silva MC, Conti CL, Klauss J, et al. Behavioral effects of transcranial Direct Current
Stimulation (tDCS) induced dorsolateral prefrontal cortex plasticity in alcohol dependence. J
Physiol Paris. 2013

129. Boggio PS, Liguori P, Sultani N, et al. Cumulative priming effects of cortical stimulation on
smoking cue-induced craving. Neurosci Lett. 2009; 463:82–86. [PubMed: 19619607]

130. Kuhn J, Buhrle CP, Lenartz D, Sturm V. Deep brain stimulation in addiction due to psychoactive
substance use. Handb Clin Neurol. 2013; 116C:259–269. [PubMed: 24112900]

131. Kuhn J, Lenartz D, Huff W, et al. Remission of alcohol dependency following deep brain
stimulation of the nucleus accumbens: valuable therapeutic implications? J Neurol Neurosurg
Psychiatry. 2007; 78:1152–1153. [PubMed: 17878197]

132. Heinze H-J, Heldmann M, Voges J, et al. Counteracting incentive sensitization in severe alcohol
dependence using deep brain stimulation of the nucleus accumbens: clinical and basic science
aspects. Frontiers in human neuroscience. 2009; 3

Leeman et al. Page 18

Curr Addict Reports. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Leeman et al. Page 19

Table 1

Overview of interventions with possible efficacy in reducing alcohol use and enhancing self-control

Pharmacotherapy

Intervention Description/examples Evidence for alcohol use
reduction

Evidence for self-control
enhancement

Opioid antagonists Medications such as naltrexone
and nalmefene believed to block
effects of opioid release
stimulated by alcohol
consumption, resulting in fewer
rewarding effects of alcohol

Significant advantage
over placebo in multiple
clinical trials: FDA
approved for alcohol
dependence

Efficacy in clinical trials for
kleptomania (an impulse control
disorder) and gambling, mixed results
in basic research and human
laboratory findings

Varenciline Highly selective partial agonist of
the alpha-4, beta-2, and full
agonist of the alpha-7, nicotinic
acetylocholine receptors.
Decreases rewarding effects of
alcohol and nicotine that are
believed to be partially mediated
by activity at nicotinic
acetylcholine receptors

Reduced alcohol self-
administration in basic
and human laboratory
studies. Clinical trial
results show advantage
over placebo in reducing
alcohol use both in
smokers and non-smokers

Beneficial effects on concentration,
working memory and attention in
human research with smokers

Glutamatergic medications Medications believed to regulate
glutamatergic activity and, as a
result, modulate substance-related
reward seeking activity. Examples
are memantine: an NMDA-type
glutamate receptor antagonist and
N-acetyl cysteine (NAC): a
glutamatergic nutriceutical

Multiple basic science
findings demonstrate that
memantine can reduce
alcohol self-
administration. Human
laboratory studies show
that memantine decreases
alcohol cue-induced
craving, though clinical
trial findings have been
negative

Human studies suggest a role for
glutamatergic medications in
improving impulse control disorder
symptoms, however basic science
findings with memantine have been
largely negative in terms of benefit to
self-control difficulties

Modafinil A wakefulness agent that is FDA
approved for the treatment of
narcolepsy, but has also been
utilized more broadly as a
cognitive enhancer

Limited results pertaining
only to certain clinical
outcomes. Tended to be
beneficial only among
participants with poor
response inhibition

Enhanced cognitive task performance
among alcohol dependent patients and
healthy controls though strongest
evidence among alcohol dependent
individuals who perform poorly on
tasks initially

Psychosocial/behavioral interventions

Intervention Description/examples Evidence for alcohol use
reduction

Evidence for self-control
enhancement

Cognitive behavioral therapy
(CBT)

Designed to teach tangible
strategies to prevent substance
use. Maladaptive cognitions are
identified, challenged and
strategies are provided to change
such cognitions

Evidence for efficacy in
treating AUDs

Likely that skills taught in CBT could
lead to enhanced self-control.
Neuroimaging findings from other
addictions support beneficial effects
of CBT related to self-control
enhancement, but found no such
findings among AUD patients.

Contingency management (CM) Objective is to decrease substance
use through provision of alternate
reinforcers

Evidence for efficacy in
treating AUDs

A focus on alternate reinforcers may
help to enhance self-control. CM has
been associated with decreases in
psychiatric symptoms relevant to self-
control in cocaine dependent patients,
but no parallel evidence for alcohol,
to our knowledge

Mindfulness training Involves attending to immediate
experience with an attitude of
acceptance

Early evidence supports
decrease in likelihood of
relapse among AUD
patients, also associated
with decreases in
attentional bias to
alcohol-related cues

Associated with improvements in
executive function

Cognitive bias modification Procedures derived from
computer-based cognitive tasks in

Evidence that cognitive
biases can be diminished

Diminished cognitive biases toward
substance cues likely to enhance self-
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which attention is repeatedly
oriented away from salient
substance-related cues or
participants are trained to
approach non-substance-related
stimuli

with training and in some
cases, retraining has been
related to decreased
alcohol use and better
clinical outcomes

control more broadly, but found no
evidence of relationships between
retraining and general decrease in
impulsive response or choice or other
general enhancement to self-control

Neurophysiological interventions

Repetitive transcranial magnetic
stimulation (rTMS), transcranial
direct current stimulation (tDCS)
and deep brain stimulation (DBS)

Non-invasive (rTMS and tDCS)
and invasive (DBS) procedures
believed to modulate frontal
circuits engaged in decision-
making processes, effectively
increasing cognitive control

Decreased subjective
craving with rTMS and
tDCS, but depends on
location of stimulation
and frequency of
applications, case reports
support DBS effect in
reducing alcohol use and
craving

Enhanced performance on cognitive
tasks indicating less impulsive
choices, but again depends on
location of stimulation and frequency
of applications
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