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ABSTRACT 
Impaired executive and inhibitory control is increasingly recognized as a core neurocognitive 
deficit underlying the development, persistence, and relapse vulnerability of substance 
use disorders. Inhibitory control, a central component of executive functioning, enables 
the suppression of prepotent impulses, maladaptive actions, and intrusive thoughts in favor 
of goal-directed behavior. Converging evidence from behavioral paradigms, neuroimaging, 
and neurochemical studies indicates that chronic substance exposure disrupts prefrontal-
striatal circuitry, particularly involving the dorsolateral prefrontal cortex, orbitofrontal cortex, 
ventrolateral prefrontal cortex, and anterior cingulate cortex. These disruptions weaken 
top-down regulatory control over subcortical reward- and habit-related systems, including 
the ventral and dorsal striatum. 
 

Drug-induced dysregulation of dopaminergic and glutamatergic signaling further exacerbates 
inhibitory dysfunction by altering reward salience, action-outcome evaluation, and response 
suppression. Across substances, impaired inhibitory control predicts compulsive drug seeking, 
diminished treatment response, and heightened relapse risk. Developmental factors, 
particularly adolescent exposure during critical periods of prefrontal maturation, confer 
additional vulnerability by producing long-lasting alterations in executive circuitry. 
 

This article synthesizes current neurocognitive and neurobiological evidence on impaired 
inhibitory control in SUDs, integrates contemporary models of addiction emphasizing the 
shift from goal-directed to habitual control, and examines substance-specific and developmental 
findings. Clinical implications are discussed with emphasis on relapse prediction and intervention 
targets. Emerging therapeutic approaches, including cognitive remediation, neuromodulation, 
and pharmacologic strategies, are evaluated as adjuncts to established behavioral treatments. 
Collectively, the evidence supports inhibitory control dysfunction as a mechanistic driver of 
addiction pathology and a promising target for precision intervention in addiction neuroscience. 
 

Purpose and Scope of the Article 
The purpose of this article is to provide a comprehensive, neurocognitively based review 
of impaired inhibitory control as a central mechanism in substance use disorders. While 
reward-based and motivational processes have historically dominated addiction research, 
accumulating evidence indicates that failures of inhibitory control play a critical and mechanistic 
role in the transition from voluntary drug use to compulsive substance seeking and relapse. 
This review aims to synthesize behavioral, neuroimaging, neurochemical, and clinical 
findings to clarify how inhibitory dysfunction emerges, how it interacts with contemporary 
models of addiction, and why it represents a clinically meaningful target for intervention. 
 

The scope of this article is primarily focused on inhibitory control as a distinct yet integrative 
executive function. Rather than offering a broad survey of executive dysfunction, the review 
concentrates on motor, cognitive, and behavioral inhibition and their underlying prefrontal-
striatal circuitry. Particular emphasis is placed on the roles of the dorsolateral and ventrolateral 
prefrontal cortex, orbitofrontal cortex, anterior cingulate cortex (ACC), and striatal systems, 
as well as dopaminergic and glutamatergic mechanisms that modulate top-down control. 
Empirical evidence is drawn across major substance classes, including stimulants, alcohol, 
cannabis, and opioids, with attention to both adult and developmental populations. 
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Introduction 
Substance use disorders are defined by persistent 
engagement in drug use despite adverse 
consequences, reflecting a profound breakdown in 
self-regulation and behavioral control. While early 
neurobiological models of addiction emphasized 
the reinforcing and hedonic properties of drugs, 
contemporary perspectives increasingly recognize 
that addiction is not solely a disorder of excessive 
reward but also one of impaired control over 
behavior. Central to this loss of control is inhibitory 
dysfunction, the diminished capacity to suppress 
inappropriate, maladaptive, or prepotent responses 
in accordance with long-term goals. Impaired 
inhibitory control has emerged as a transdiagnostic 
neurocognitive deficit observed across substances 
of abuse and stages of addiction, from early escalation 
to relapse following abstinence.1-3 

 

Inhibitory control is a fundamental executive function 
that enables individuals to regulate impulses, delay 
gratification, and flexibly adapt behavior in response 
to changing environmental demands. In healthy 
individuals, inhibitory processes allow competing 
motivational drives to be evaluated and overridden 
when necessary, facilitating adaptive decision-
making and goal pursuit. In addiction, however, 
this regulatory capacity becomes progressively 
compromised, allowing reward-driven and habitual 
behaviors to dominate action selection. As a result, 
individuals with substance use disorders often 
continue drug use despite awareness of negative 
outcomes, expressing an experiential sense of 
loss of control  that is increasingly understood to 

reflect identifiable neurocognitive dysfunction rather 
than moral failure. 
 

Historically, addiction neuroscience focused heavily 
on mesolimbic dopamine pathways and drug-induced 
reinforcement, framing addiction as a disorder of 
excessive incentive motivation. While this framework 
yielded critical insights into craving and reward 
learning, it proved insufficient to explain key clinical 
phenomena, including compulsive persistence, 
relapse after prolonged abstinence, and the failure 

of punishment or negative consequences to deter 
use. These observations prompted a conceptual shift 
toward models incorporating executive dysfunction 
and impaired top-down regulation, particularly 
involving the prefrontal cortex and its interactions 
with striatal and limbic systems.2-4 

 

Executive functions comprise a constellation of 
higher-order cognitive processes, including working 
memory, cognitive flexibility, decision-making, and 
inhibitory control. These functions are primarily 
supported by distributed networks within the 
prefrontal cortex that maintain extensive reciprocal 
connections with subcortical regions involved in 
motivation, habit formation, and emotional salience. 
When intact, executive systems enable individuals 
to integrate contextual information, evaluate future 
consequences, and suppress impulsive actions. 
When compromised by neurodevelopmental factors, 
brain injury, or chronic drug exposure, behavior 
becomes increasingly stimulus-driven, habitual, and 
resistant to modification. 
 

Among executive functions, inhibitory control occupies 
a particularly central position in addiction pathology. 
Behavioral studies consistently demonstrate that 
individuals with substance use disorders perform 
poorly on tasks requiring response inhibition, such 
as Go/No-Go and stop-signal paradigms, indicating 
a diminished capacity to suppress prepotent motor 
responses.5-7 Cognitive inhibition deficits, reflected 
in difficulty suppressing intrusive thoughts or drug-
related cues, further contribute to craving and 
relapse. At the behavioral level, impaired inhibition 
manifests as impulsive drug use, reduced delay 
tolerance, and persistence of maladaptive habits 
even when outcomes are no longer rewarding.8-10 
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Table 1. Domains of Inhibitory Control and Neurocognitive Characteristics  
 

Domain of 
Inhibitory 
Control 

Operational 
Definition 

Common 
Assessment 
Paradigms 

Primary Neural 
Substrates 

Relevance to 
Substance Use 
Disorders 

Motor 
inhibition 

Suppression of 
prepotent or 
ongoing motor 
responses 

Stop-signal task; 
Go/No-Go task 

Right inferior frontal 
gyrus; ventrolateral 
prefrontal cortex; 
supplementary motor 
area; subthalamic nucleus 

Impaired response 
suppression contributes 
to impulsive drug 
taking and relapse 
under cue exposure 

Cognitive 
inhibition 

Suppression of 
intrusive thoughts, 
memories, or 
attentional 
capture 

Stroop task; 
flanker task; 
attentional bias 
paradigms 

Dorsolateral prefrontal 
cortex; anterior 
cingulate cortex 

Failure to suppress 
drug-related thoughts 
intensifies craving and 
cue reactivity 

Behavioral 
inhibition 

Suppression of 
maladaptive 
actions over time 
in favor of long-
term goals 

Delay 
discounting; 
reversal learning; 
real-world self-
control tasks 

Prefrontal-striatal 
circuits; orbitofrontal 
cortex; dorsomedial 
striatum 

Central to resisting 
drug use despite 
anticipated negative 
consequences 

 

Footnote: Although analytically separable, these domains interact dynamically during real-world decision-making and are 
often simultaneously compromised in substance use disorders. 

 
Neurobiologically, inhibitory control depends on 
the integrity of prefrontal-striatal circuitry. While 
the dorsolateral prefrontal cortex supports working 
memory and goal maintenance, the ventrolateral 
prefrontal cortex and inferior frontal gyrus are 
critical for response suppression. Additionally, the 
orbitofrontal cortex (OFC) mediates value 
representation and outcome evaluation, and the 
anterior cingulate cortex supports conflict monitoring 
and error detection. These cortical regions exert 
top-down influence over the striatum, modulating 
both ventral reward-related processing and dorsal 
habit-based action selection. Chronic drug exposure 
disrupts these circuits through structural, functional, 
and neurochemical alterations, weakening regulatory 
control and biasing behavior toward habitual 
responding.3,11 

 
Dopaminergic and glutamatergic systems play a 
central role in this process. Dopamine modulates 
both reward valuation and executive control, with 
reduced striatal D₂ receptor availability repeatedly 

linked to poor inhibitory performance in addicted 
individuals.12 Glutamatergic projections from the 
prefrontal cortex to the nucleus accumbens and 
dorsal striatum are essential for exerting top-down 
control over action selection; dysregulation of these 
pathways compromises inhibitory signaling and 
promotes compulsive behavior.13,14 The combined 
effect of these neuroadaptations is a functional 
decoupling of intention from action, in which 
individuals retain declarative awareness of negative 
consequences yet remain unable to inhibit drug-
seeking behavior. 
 
Contemporary models of addiction explicitly 
incorporate this loss of inhibitory control. Incentive-
sensitization frameworks propose that heightened 
cue reactivity overwhelms weakened control systems, 
while habit-based models emphasize a progressive 
shift from goal-directed, model-based decision-making 
to stimulus-response habits mediated by the dorsal 
striatum.2,15 This transition is particularly relevant to 
inhibitory dysfunction, as habitual control systems 
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operate largely independently of outcome evaluation 
and are less amenable to cognitive suppression once 
established. As prefrontal regulation deteriorates, 
inhibitory control becomes increasingly insufficient 
to counteract automatic drug-seeking responses. 
 

Developmental timing further shapes vulnerability 
to inhibitory impairment. Adolescence represents a 
critical period of prefrontal maturation, characterized 
by ongoing synaptic pruning, myelination, and 
refinement of executive networks. Early exposure 
to psychoactive substances during this window can 
disrupt the normal trajectory of inhibitory control 
development, producing enduring deficits that 
persist into adulthood and increase lifetime risk for 
substance use disorders.16,17 These developmental 
considerations underscore the importance of 
inhibitory control not only as a consequence of 
addiction but also as a predisposing factor. 
 

Conceptualization of Inhibitory 
Control 
Inhibitory control is a multidimensional construct 
that refers to the capacity to suppress inappropriate, 
maladaptive, or incongruent actions, thoughts, or 
emotional responses. Within cognitive neuroscience, 
inhibitory control is typically classified as a core 
executive function that enables flexible, goal-directed 
behavior by constraining impulsive or habitual 
responding. Although often treated as a unitary 
process, inhibitory control comprises multiple 
interacting domains that are subserved by partially 
dissociable neural systems and are differentially 
affected in substance use disorders. 
 

Contemporary frameworks distinguish between 
motor inhibition, cognitive inhibition, and behavioral 
inhibition. Motor inhibition refers to the suppression 
of overt motor responses and is most commonly 
assessed using paradigms such as stop-signal and 
Go/No-Go tasks. Cognitive inhibition involves the 
suppression of task-irrelevant or intrusive mental 
representations, including drug-related thoughts 
and attentional capture by salient cues. Behavioral 
inhibition encompasses the broader capacity to 

restrain maladaptive actions over extended time 
frames, including the ability to resist drug use despite 
craving or anticipated reward.18 

 
In healthy individuals, inhibitory control operates 
dynamically to balance competing motivational 
drives. Prepotent responses are not inherently 
maladaptive; rather, inhibitory mechanisms modulate 
their expression in context and in line with long-
term goals. In addiction, this modulation becomes 
progressively impaired. Heightened reward salience, 
increased cue reactivity, and stress-related arousal 
place increasing demands on inhibitory systems 
that are themselves compromised by chronic drug 
exposure. As a result, inhibitory control failures 
become more frequent, particularly in emotionally 
salient or drug-associated contexts.19-21 

 

Measurement of Inhibitory Control 
in Addiction Research 
The study of inhibitory control relies heavily on 
experimental paradigms designed to isolate response 
suppression and interference resolution. Among 
these, the stop-signal task (SST), Go/No-Go task, 
and delay discounting paradigms have been most 
extensively applied in addiction research. 
 
The stop-signal task assesses the ability to inhibit 
an already initiated motor response following the 
presentation of an infrequent stop signal. Performance 
is quantified using the stop-signal reaction time 
(SSRT), an estimate of the latency of the inhibitory 
process. Prolonged SSRTs indicate slowed or inefficient 
inhibitory control. Across substances, individuals with 
substance use disorders consistently demonstrate 
longer SSRTs relative to healthy controls, suggesting 
deficits in rapid response suppression.22-24 Importantly, 
SST performance predicts clinically meaningful 
outcomes, including relapse risk in cocaine and 
alcohol use disorders.25 

 
The Go/No-Go task measures the ability to withhold 
a motor response to infrequently presented No-Go 
stimuli. Increased commission errors on No-Go trials 
are interpreted as failures of inhibitory control. While 
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Go/No-Go tasks are sensitive to inhibitory deficits, 
they also engage sustained attention and response 
monitoring, complicating interpretation.  
 
Delay discounting paradigms assess the preference 
for smaller immediate rewards over larger delayed 
rewards and are widely used as indices of impulsive 
decision-making. Steep delay discounting reflects 
diminished capacity to inhibit immediate reward-
seeking in favor of long-term outcomes. Although 
not a pure measure of inhibitory control, delay 
discounting captures a critical behavioral manifestation 
of inhibitory dysfunction and correlates with prefrontal 
cortical integrity.27,28 Individuals with substance use 
disorders reliably exhibit steeper discounting rates, 
consistent with impaired behavioral inhibition over 
extended temporal horizons. 
 
Neuroimaging adaptations of these tasks have 
provided crucial insights into the neural substrates 
of inhibitory control deficits. Functional MRI studies 
reveal attenuated activation of prefrontal regions 
during inhibitory demands, while electrophysiological 
measures demonstrate altered error-related potentials 
and reduced conflict monitoring.29 These convergent 
findings underscore the utility of inhibitory control 
tasks as translational tools linking behavior, brain 
function, and clinical outcomes. 
 

Neuroanatomical Substrates of 
Inhibitory Control 
Inhibitory control is supported by a distributed 
network of cortical and subcortical regions that 
collectively implement response suppression, 
performance monitoring, and adaptive adjustment. 
Central to this network is the prefrontal cortex, 
whose subregions contribute distinct but interacting 
functions. 
 
The dorsolateral prefrontal cortex (dlPFC) plays a 
critical role in maintaining goal representations and 
exerting top-down control over behavior. By 
sustaining task rules and long-term objectives, the 
dlPFC enables inhibitory processes to be deployed 
selectively when prepotent responses conflict with 

current goals. Structural and functional abnormalities 
in the dlPFC are among the most consistently 
reported findings in substance use disorders. Reduced 
gray matter volume, diminished resting-state 
connectivity, and hypoactivation during inhibitory 
tasks have been documented across stimulant, 
alcohol, and opioid dependence.3,30 These alterations 
impair the capacity to sustain control under conditions 
of cognitive load or emotional challenge. 
 

The ventrolateral prefrontal cortex, including the 
inferior frontal gyrus, is particularly critical for motor 
response inhibition. Lesion studies, neuroimaging, 
and transcranial stimulation experiments converge 
on the right inferior frontal gyrus as a key node for 
stopping behavior. In substance use disorders, 
structural reductions and functional hypoactivation 
of this region are associated with impaired SST and 
Go/No-Go performance.31,32 Notably, reduced inferior 
frontal engagement during inhibitory demands 
predicts relapse risk, highlighting its clinical relevance. 
 

The orbitofrontal cortex (OFC) contributes to inhibitory 
control by representing outcome value and updating 
action-outcome contingencies. In healthy decision-
making, the OFC supports flexible behavioral 
adjustment when contingencies change. Chronic 
drug exposure disrupts OFC function, leading to 
perseverative responding and insensitivity to 
negative outcomes.33 Structural imaging studies 
demonstrate reduced OFC volume in chronic 
cocaine and alcohol users, while functional studies 
reveal blunted OFC responses during tasks requiring 
outcome evaluation and reversal learning. These 
deficits undermine the integration of inhibitory 
signals with value-based decision-making. 
 

The anterior cingulate cortex plays a central role in 
conflict monitoring, error detection, and performance 
adjustment. By signaling the need for increased 
control when conflict or errors are detected, the 
ACC facilitates adaptive recruitment of prefrontal 
inhibitory mechanisms. Individuals with substance 
use disorders exhibit reduced ACC activation during 
inhibitory tasks and attenuated error-related signals, 
suggesting impaired monitoring of performance 
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failures.34 This deficit may contribute to the persistence 
of maladaptive behavior by limiting awareness of 
control breakdowns and reducing corrective 
adjustments. 
 

Beyond cortical regions, inhibitory control depends 
critically on interactions with the striatum. The striatum 
integrates cortical inputs to guide action selection and 
habit formation. Ventral striatal circuits are primarily 
involved in reward processing and motivational 

salience, whereas dorsal striatal circuits support 
habitual stimulus-response associations. Inhibitory 
control requires effective top-down modulation of 
both systems by prefrontal regions. Chronic substance 
use disrupts this balance, weakening prefrontal 
influence while strengthening dorsal striatal control.15,35 
As inhibitory capacity declines, behavior becomes 
increasingly governed by automatic habits that are 
resistant to cognitive suppression. 

 

Table 2. Key Prefrontal-Striatal Regions Involved in Inhibitory Control  
 

Brain Region Primary Function in 
Inhibition 

Evidence of Dysfunction 
in SUDs 

Behavioral Consequences 

Dorsolateral 
prefrontal cortex 
(dlPFC) 

Goal maintenance; 
top-down control; 
working memory 

Reduced gray matter 
volume; hypoactivation 
during inhibition tasks 

Poor regulation of behavior 
under cognitive or 
emotional load 

Ventrolateral 
prefrontal cortex / 
Inferior frontal gyrus 

Motor response 
suppression 

Structural reductions; 
attenuated activation 
during stop-signal tasks 

Increased commission 
errors; impaired stopping 

Orbitofrontal cortex 
(OFC) 

Outcome valuation; 
contingency updating 

Reduced volume; blunted 
response to negative 
outcomes 

Perseverative responding 
despite adverse 
consequences 

Anterior cingulate 
cortex (ACC) 

Conflict monitoring; 
error detection 

Reduced activation during 
inhibitory tasks 

Impaired behavioral 
adjustment following errors 

Dorsal striatum Habitual stimulus-
response control 

Increased dominance with 
chronic drug use 

Automatic drug-seeking 
resistant to inhibition 

Ventral striatum Reward salience and 
motivation 

Hyper-reactivity to drug 
cues 

Amplified cue-driven impulses 
overwhelming control 

 
These prefrontal-striatal interactions are mediated 
by cortico-striato-thalamo-cortical loops that are 
modulated by dopamine and glutamate. Structural 
and functional disconnection within these loops has 
been repeatedly demonstrated in addiction, providing 
a mechanistic substrate for inhibitory dysfunction.36 
Importantly, these circuit-level alterations are not 
uniform across individuals, suggesting potential 
biomarkers for stratifying risk and tailoring 
interventions. 
 

Neurochemical Mechanisms of 
Inhibitory Control Dysfunction 
The neurocognitive deficits observed in inhibitory 
control among individuals with substance use 

disorders are underpinned by profound neurochemical 
dysregulation within prefrontal-striatal circuits. Two 
neurotransmitter systems are particularly central to 
this process: dopamine and glutamate. Together, 
these systems regulate reward valuation, action 
selection, learning, and the exertion of top-down 
executive control. Chronic exposure to addictive 
substances produces enduring maladaptation in 
dopaminergic and glutamatergic signaling that 
weakens inhibitory processes and biases behavior 
toward impulsive and habitual responding. 
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Table 3. Neurochemical Mechanisms Contributing to Inhibitory Dysfunction 
 

Neurotransmitter 
System 

Normal Role in 
Inhibitory Control 

Drug-Induced 
Dysregulation 

Impact on Behavior 

Dopamine 
(prefrontal) 

Optimizes signal-to-
noise ratio; supports 
executive control 

Reduced tonic dopamine; 
impaired D₂ receptor 
availability 

Weak goal maintenance; 
impaired inhibitory 
engagement 

Dopamine (striatal) Encodes reward 
prediction errors 

Exaggerated phasic 
signaling to drug cues 

Heightened incentive 
salience and impulsivity 

Glutamate (PFC → 
striatum) 

Top-down regulation 
of action selection 

Disrupted glutamate 
homeostasis; reduced 
synaptic efficacy 

Failure of cortical 
inhibition over habitual 
responding 

Dopamine-glutamate 
interaction 

Supports adaptive 
learning and flexibility 

Maladaptive plasticity 
favoring habits 

Persistence of 
compulsive drug seeking 

 
Dopaminergic Modulation of 
Inhibitory Control 
Dopamine plays a dual and context-dependent role 
in both reward processing and executive function. 
Within prefrontal-striatal circuitry, dopamine 
modulates the balance between cognitive flexibility 
and behavioral stability, enabling appropriate 
response inhibition when environmental demands 
require restraint. Optimal dopaminergic tone within 
the prefrontal cortex supports working memory, 
goal maintenance, and inhibitory control, whereas 
deviations in either direction, hypodopaminergic 
or hyperdopaminergic states, impair executive 
performance. 
 

In substance use disorders, chronic drug exposure 
disrupts dopaminergic homeostasis across both 
cortical and striatal regions. Neuroimaging studies 
consistently demonstrate reduced availability of 
dopamine D₂ receptors in the striatum of individuals 
with cocaine, methamphetamine, alcohol, and opioid 
dependence.12 Reduced D₂ receptor availability is 
associated with diminished inhibitory performance 
on stop-signal and Go/No-Go tasks, as well as 
heightened impulsivity and relapse vulnerability. 
Importantly, D₂ receptor deficits are not confined 
to reward circuitry but extend to regions implicated 
in executive control, linking dopaminergic 
dysregulation directly to inhibitory dysfunction. 

At the cortical level, dopamine modulates the signal-
to-noise ratio of prefrontal neuronal activity. Adequate 
dopaminergic signaling enhances the stability of 
goal representations and supports resistance to 
distraction, whereas reduced dopamine availability 
compromises the capacity to maintain inhibitory 
goals in the face of salient cues. Chronic substance 
use attenuates dopaminergic tone in the prefrontal 
cortex, leading to reduced activation during inhibitory 
demands and impaired top-down regulation of 
subcortical systems.3 

 
Conversely, addictive drugs produce phasic 
dopamine surges in the ventral striatum that amplify 
the salience of drug-related cues. Over time, these 
exaggerated phasic signals coexist with blunted tonic 
dopamine levels, creating a functional imbalance in 
which cue-driven impulses are potentiated while 
executive control is weakened. This imbalance 
exacerbates inhibitory failure by increasing the 
motivational strength of drug cues precisely when 
the neural systems required to suppress responding 
are compromised. 
 

Dopamine, Learning, and the Shift 
Toward Habitual Control 
Beyond its role in immediate response inhibition, 
dopamine critically shapes learning processes that 
influence inhibitory control over time. Dopaminergic 
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signaling encodes prediction errors that drive 
reinforcement learning, enabling organisms to 
update action--outcome associations. In the early 
stages of drug use, dopaminergic reinforcement 
strengthens goal-directed behavior by linking drug 
consumption to its rewarding effects. With repeated 
exposure, however, dopaminergic learning becomes 
increasingly biased toward stimulus-response 
associations mediated by the dorsal striatum.15 

 

This shift from ventral to dorsal striatal control 
reflects a transition from model-based, goal-directed 
behavior to model-free, habitual responding. 
Habitual actions are elicited automatically by cues 
and are relatively insensitive to outcome devaluation, 
rendering them resistant to inhibitory suppression. 
As dorsal striatal circuits gain dominance, inhibitory 
control becomes less effective at interrupting drug-
seeking behavior, even when individuals consciously 
intend to abstain. The erosion of dopaminergic 
modulation in prefrontal regions further diminishes 
the capacity to override these habits. 
 

Glutamatergic Dysregulation and 
Top-Down Control Failure 
Glutamate is the principal excitatory neurotransmitter 
mediating communication between the prefrontal 
cortex and striatal structures. Prefrontal glutamatergic 
projections to the nucleus accumbens and dorsal 
striatum are essential for exerting top-down inhibitory 
control over action selection and reward-driven 
impulses. In substance use disorders, chronic drug 
exposure produces widespread dysregulation of 
glutamatergic signaling that undermines this 
regulatory influence. 
 

Preclinical and human studies indicate that addictive 
substances disrupt glutamate homeostasis by altering 
synaptic plasticity, receptor expression, and 
extracellular glutamate levels. Chronic cocaine, 
alcohol, and opioid exposure reduce the efficacy of 
prefrontal glutamatergic inputs to the striatum, 
weakening the ability of executive systems to 
constrain subcortical drive.13 This disruption manifests 
behaviorally as impaired response inhibition, increased 

impulsivity, and heightened susceptibility to cue-
induced relapse. 
 

Within the prefrontal cortex itself, glutamatergic 
dysfunction compromises local circuit integrity. 
Alterations in NMDA and AMPA receptor signaling 
impair synaptic plasticity necessary for adaptive 
learning and inhibitory control. These changes 
reduce the flexibility of executive networks and 
limit the capacity to update behavioral strategies in 
response to negative consequences. Over time, 
the combined effects of cortical and subcortical 
glutamatergic dysregulation contribute to the 
persistence of maladaptive habits and diminished 
inhibitory efficacy. 
 

Interaction Between Dopamine and 
Glutamate Systems 
Dopamine and glutamate systems interact extensively 
within prefrontal-striatal circuits to regulate inhibitory 
control. Dopamine modulates glutamatergic 
transmission by influencing synaptic strength and 
plasticity, while glutamatergic inputs shape 
dopaminergic neuron firing patterns. Chronic drug 
exposure disrupts this bidirectional interaction, 
producing maladaptive learning signals that favor 
impulsive and habitual behavior. 
 

One consequence of this disruption is the 
attenuation of cortico-striatal long-term depression 
and potentiation processes that normally support 
flexible behavioral control. As synaptic plasticity 
becomes biased toward reinforcing drug-seeking 
responses, inhibitory signals lose their effectiveness. 
This neurochemical environment promotes compulsive 
behavior by simultaneously strengthening cue-
driven impulses and weakening the executive 
mechanisms required to suppress them. 
 

Substance-Specific Neurochemical 
Effects 
Although dopaminergic and glutamatergic 
dysregulation represent convergent mechanisms 
across substances, distinct drug classes produce 
partially dissociable neurochemical profiles. 
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Psychostimulants such as cocaine and 
methamphetamine produce pronounced 
dopaminergic surges that accelerate the transition 
toward habitual control and severely impair inhibitory 
processing. Alcohol disrupts both dopamine and 
glutamate signaling, producing widespread cortical 
disinhibition and impaired executive regulation. 
Opioids alter dopamine transmission indirectly 
through inhibitory interneurons while also affecting 
glutamatergic plasticity, leading to deficits in 
response inhibition and decision-making.37 

 

Inhibitory Control Within 
Contemporary Models of Addiction 
Contemporary models of addiction increasingly 
conceptualize substance use disorders as disorders 
of maladaptive learning and impaired behavioral 
control rather than purely disorders of reward 
excess. Within this framework, inhibitory control 
occupies a central mechanistic position, mediating 
the balance between goal-directed regulation and 
automatic, stimulus-driven responding. Two 
influential and complementary models, the incentive-
sensitization framework and habit-based control 
models, provide a theoretical structure for 
understanding how inhibitory dysfunction emerges 
and contributes to compulsive drug use. 
 

Incentive-Sensitization and Inhibitory 
Overload 
The incentive-sensitization theory posits that repeated 
drug exposure produces persistent hypersensitivity 
of neural systems that attribute incentive salience to 
drug-related cues. As a result, environmental stimuli 
associated with drug use acquire exaggerated 
motivational power, eliciting intense craving and 
approach behavior independent of hedonic pleasure. 
While this framework has traditionally emphasized 
mesolimbic dopaminergic sensitization, it also has 
critical implications for inhibitory control. 
 
As incentive salience increases, the demands 
placed on inhibitory systems escalate. Drug cues 
become more salient, more attentionally capturing, 

and more emotionally arousing, thereby requiring 
stronger top-down regulation to suppress drug-
seeking responses. In individuals with intact inhibitory 
control, prefrontal systems can counteract cue-
driven impulses through cognitive reappraisal, 
response suppression, and goal maintenance. In 
substance use disorders, however, chronic drug 
exposure simultaneously sensitizes reward systems 
and degrades inhibitory capacity, creating a state 
of inhibitory overload in which executive resources 
are insufficient to counteract cue-induced drive.3,38 

 

Neuroimaging studies support this interaction by 
demonstrating heightened ventral striatal and 
amygdala responses to drug cues alongside 
attenuated prefrontal activation during inhibitory 
demands. Under such conditions, inhibitory failures 
are not random but systematically biased toward 
drug-related actions, particularly in emotionally 
salient contexts. This imbalance helps explain why 
relapse often occurs in response to cue exposure or 
stress, even after extended periods of abstinence. 
 

Goal-Directed and Habitual Control 
Systems 
A complementary perspective is provided by dual-
system models of behavioral control, which distinguish 
between goal-directed and habitual action selection. 
Goal-directed behavior relies on evaluating action-
outcome contingencies and is sensitive to changes 
in outcome value. This system is flexible, 
computationally demanding, and heavily dependent 
on prefrontal cortical regions and the dorsomedial 
striatum. In contrast, habitual behavior is governed 
by stimulus-response associations acquired through 
repetition and reinforcement, is relatively insensitive 
to outcome devaluation, and depends on the 
dorsolateral striatum.15,39 

 

In healthy individuals, these systems operate in 
parallel, with inhibitory control enabling flexible 
switching between habitual efficiency and goal-
directed regulation as circumstances demand. In 
addiction, this balance becomes progressively 
distorted. Repeated drug use strengthens habitual 
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control circuits while weakening the prefrontal 
networks that support goal-directed behavior and 
inhibition. As a result, drug-seeking actions become 
increasingly automatic and resistant to suppression, 
even when individuals explicitly intend to abstain. 
 

This shift has direct implications for inhibitory control. 
Goal-directed inhibition requires the ability to 
represent future outcomes, evaluate consequences, 
and suppress actions that conflict with long-term 
goals. Habitual actions, by contrast, are triggered 
rapidly by cues and executed with minimal cognitive 
mediation. Once behavior is dominated by habitual 
control, inhibitory mechanisms are engaged too 
late or too weakly to interrupt action execution. This 
temporal mismatch contributes to the subjective 
experience of acting against one s will  that 
characterizes compulsive drug use. 
 

Striatal Reweighting and Loss of 
Behavioral Flexibility 
Neurobiological evidence indicates that addiction 
is associated with progressive striatal reweighting,  
in which control over behavior shifts from ventral to 
dorsal striatal circuits. Early in substance use, drug-
seeking is primarily driven by ventral striatal reward 
processing and remains relatively sensitive to 
outcome evaluation. With continued use, dorsal 
striatal circuits increasingly dominate, supporting 
rigid stimulus-response habits.40 

 

Inhibitory control failure accelerates this transition. 
Impaired suppression of drug-seeking responses 
increases the frequency of drug use, thereby 
strengthening habitual associations through repetition. 
At the same time, prefrontal dysfunction limits the 
ability to update action-outcome representations, 
reducing sensitivity to negative consequences. Over 
time, this combination erodes behavioral flexibility, 
making drug-seeking behavior both more automatic 
and less responsive to inhibitory intervention. 
 

Functional imaging studies demonstrate that 
individuals with substance use disorders show 
increased dorsal striatal activation during drug-

related decision-making tasks and reduced 
engagement of prefrontal regions involved in 
inhibitory control.41 Moreover, connectivity between 
the prefrontal cortex and dorsal striatum is often 
altered, reflecting weakened top-down modulation 
of habitual circuits. These changes are associated 
with poorer treatment outcomes and a greater risk 
of relapse. 
 

Inhibitory Control as a Gatekeeper 
of Compulsion 
Within these models, inhibitory control can be 
conceptualized as a gatekeeper that determines 
whether behavior remains flexible and goal-directed 
or becomes rigid and compulsive. When inhibitory 
systems are intact, they can interrupt habitual 
responses, allow reevaluation of goals, and enable 
adaptive behavioral change. When inhibitory control 
is compromised, habitual and incentive-driven 
processes gain unchecked influence, leading to 
compulsive drug use. 
 

This gatekeeping function helps explain why 
inhibitory deficits are observed across substances 
and clinical phenotypes. Regardless of the specific 
pharmacologic properties of a drug, repeated use 
places increasing demands on inhibitory systems 
while simultaneously degrading their function. The 
resulting imbalance between drive and control is a 
defining feature of addiction and a key determinant 
of relapse vulnerability. 
 

Importantly, this framework also highlights inhibitory 
control as a modifiable target. Unlike reward sensitivity, 
which may be difficult to attenuate directly, inhibitory 
capacity can be strengthened through cognitive 
training, neuromodulation, and pharmacologic 
interventions. By restoring inhibitory gatekeeping, 
such interventions may help reestablish goal-
directed control and reduce the dominance of 
habitual drug-seeking. 
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Empirical Evidence of Impaired 
Inhibitory Control in Substance 
Use Disorders 
A substantial body of empirical research supports 
impaired inhibitory control as a core neurocognitive 
deficit in substance use disorders. Evidence converges 
across behavioral paradigms, neuroimaging 
modalities, and longitudinal clinical studies, 
demonstrating that inhibitory dysfunction is both a 
consequence of chronic substance exposure and a 
predictor of addiction trajectories. These findings 
reinforce the conceptualization of impaired inhibition 
as a mechanistic contributor to compulsive drug use 
rather than a secondary or epiphenomenal feature. 
 

Behavioral Evidence From Inhibitory 
Control Paradigms 
Behavioral paradigms assessing response inhibition 
consistently reveal deficits among individuals with 
substance use disorders. Across Go/No-Go tasks, 
stop-signal paradigms, and delay discounting 
measures, impaired inhibitory performance has 
been documented in users of stimulants, alcohol, 
opioids, and cannabis. 
 

In Go/No-Go tasks, individuals with substance use 
disorders exhibit elevated commission error rates, 
reflecting failures to suppress prepotent responses. 
These deficits are particularly pronounced under 
conditions of heightened cognitive load or emotional 
salience, suggesting that inhibitory capacity is 
especially vulnerable when competing demands tax 
executive resources.42 Elevated commission errors 
have been reported among cocaine, heroin, and 
alcohol-dependent individuals and correlate with 
indices of impulsivity and craving severity. 
 

Stop-signal task performance provides a more precise 
index of inhibitory processing speed. Prolonged 
stop-signal reaction times have been consistently 
observed across substance use disorders, indicating 
delayed or inefficient inhibitory processes.22,24 
Importantly, stop-signal deficits predict clinically 
meaningful outcomes. Prospective studies 
demonstrate that longer stop-signal reaction times 
are associated with increased likelihood of relapse 
among individuals treated for cocaine and alcohol 
dependence.25 These findings suggest that impaired 
motor inhibition is not merely a laboratory artifact 
but reflects a neurocognitive vulnerability relevant 
to real-world behavior. 

 

Table 4. Behavioral Evidence of Impaired Inhibitory Control Across Paradigms  
 

Paradigm Primary Outcome 
Measure 

Typical Findings in SUDs Clinical Relevance 

Stop-signal 
task 

Stop-signal reaction 
time (SSRT) 

Prolonged SSRT across 
substances 

Predicts relapse risk 

Go/No-Go 
task 

Commission error rate Increased false responses Indicates motor inhibitory 
failure 

Delay 
discounting 

Discounting rate (k) Steep discounting of 
delayed rewards 

Reflects poor long-term 
behavioral inhibition 

Reversal 
learning 

Trials to criterion Perseveration after 
contingency change 

Insensitivity to negative 
consequences 

 
Delay discounting paradigms further demonstrate 
deficits in behavioral inhibition over extended 
temporal horizons. Individuals with substance use 
disorders display steeper discounting of delayed 
rewards, favoring immediate gratification despite 
long-term costs.43 Although delay discounting reflects 

a broader construct of impulsive decision-making, 
it captures a critical dimension of inhibitory failure: 
the inability to suppress immediate reward-seeking in 
service of future goals. Steep discounting rates have 
been linked to prefrontal cortical dysfunction and 
predict poor treatment adherence and relapse risk. 
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Neuroimaging Evidence of Inhibitory 
Dysfunction 
Neuroimaging studies provide compelling evidence 
that behavioral inhibitory deficits in substance use 
disorders are underpinned by structural and functional 
abnormalities within prefrontal-striatal circuits. 
Functional MRI studies consistently demonstrate 
attenuated activation of key inhibitory regions during 
response inhibition tasks. 
 
During stop-signal and Go/No-Go paradigms, 
individuals with substance use disorders exhibit 
reduced activation of the inferior frontal gyrus, 
dorsolateral prefrontal cortex, and anterior cingulate 
cortex relative to healthy controls.3,31 Hypoactivation 
of these regions reflects diminished recruitment of 
executive control mechanisms required for response 
suppression and performance monitoring. Notably, 
reduced inferior frontal and ACC activation during 
inhibitory demands predicts relapse vulnerability, 
underscoring the clinical relevance of these neural 
deficits.18,25 

 
Structural MRI studies further reveal reductions in 
gray matter volume within prefrontal regions 
implicated in inhibitory control. Chronic cocaine 
and alcohol users demonstrate decreased volume 
in the dorsolateral prefrontal cortex, orbitofrontal 
cortex, and inferior frontal gyrus.7,19 These structural 
alterations correlate with impaired inhibitory 
performance and increased impulsivity, suggesting 
that prolonged substance exposure produces lasting 
changes in executive circuitry. 
 
Functional connectivity analyses indicate disrupted 
communication between prefrontal control regions 
and striatal structures. Reduced connectivity between 
the anterior cingulate cortex and dorsolateral 
prefrontal cortex has been associated with impaired 
inhibitory control and increased relapse risk.18 Such 
disconnection limits the effectiveness of top-down 
modulation over habitual and reward-driven processes, 
further compromising inhibitory gatekeeping. 
 

Substance-Specific Neurocognitive 
Profiles 
Although inhibitory control deficits represent a 
convergent feature across substances, substance-
specific patterns of impairment have been identified, 
reflecting differences in neuropharmacologic action 
and developmental timing of exposure. 
 

Cannabis 
Cannabis use, particularly when initiated during 
adolescence, has been consistently associated with 
inhibitory control deficits and atypical prefrontal 
development. Adolescence is characterized by 
ongoing maturation of executive networks, including 
synaptic pruning and myelination within the prefrontal 
cortex. Early cannabis exposure disrupts these 
processes, leading to persistent alterations in 
prefrontal-striatal connectivity.16,17 

 

Neuroimaging studies demonstrate reduced 
activation of prefrontal regions during inhibitory 
tasks among adolescent and young adult cannabis 
users. These deficits persist even after periods of 
abstinence, suggesting long-lasting 
neurodevelopmental effects. Longitudinal studies 
further indicate that early and persistent cannabis use 
is associated with declines in executive functioning, 
including inhibitory control, from childhood into 
adulthood.12 

 

Cocaine and Other Stimulants 
Cocaine dependence is among the most extensively 
studied conditions with respect to inhibitory 
dysfunction. Behavioral studies consistently 
demonstrate impaired performance on stop-signal 
and Go/No-Go tasks, while neuroimaging studies 
reveal structural and functional abnormalities in 
inhibitory circuitry.44 

 

Reduced volume and hypoactivation of the inferior 
frontal gyrus and dorsolateral prefrontal cortex are 
prominent findings in cocaine-dependent 
individuals.16,17 Additionally, diminished functional 
connectivity between the anterior cingulate cortex 
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and prefrontal control regions predicts relapse, 
suggesting that impaired coordination of monitoring 
and inhibitory processes contributes to continued drug 
use.18 Stimulant-induced dopaminergic dysregulation 
further exacerbates inhibitory deficits by amplifying 
cue reactivity while weakening executive control. 
 

Alcohol 
Alcohol use disorder is associated with widespread 
executive dysfunction, including pronounced 
inhibitory deficits. Structural imaging studies 
demonstrate reduced gray matter density in the 
inferior frontal gyrus, a critical hub for response 
inhibition.13 Functional imaging studies reveal 
blunted prefrontal activation during inhibitory tasks, 
reflecting compromised executive engagement. 
 

Behaviorally, individuals with alcohol use disorder 
exhibit elevated commission errors and prolonged 

stop-signal reaction times, indicating deficits in both 
response suppression and inhibitory speed. These 
impairments persist during early abstinence and 
predict relapse risk, highlighting their relevance to 
treatment outcomes. 
 

Opioids 
Opioid dependence is associated with impairments 
in inhibitory control and decision-making, although 
the neurocognitive profile may differ somewhat from 
that observed in stimulant use disorders. Opioids 
indirectly alter dopaminergic signaling while also 
affecting glutamatergic plasticity, leading to 
deficits in executive regulation. Behavioral studies 
demonstrate impaired inhibitory performance, 
particularly under conditions of emotional stress or 
cue exposure.45 

 
Table 5. Substance-Specific Patterns of Inhibitory Control Impairment 

 

Substance Key Inhibitory 
Deficits 

Neurobiological Features Developmental 
Considerations 

Cannabis Cognitive and motor 
inhibition deficits 

Altered PFC maturation; 
reduced connectivity 

Adolescence confers 
heightened long-term risk 

Cocaine / 
stimulants 

Severe motor 
inhibition impairment 

IFG and dlPFC hypoactivation; 
striatal dominance 

Strong association with 
relapse 

Alcohol Broad executive 
dysfunction 

Reduced IFG gray matter; 
ACC hypoactivity 

Deficits persist into 
abstinence 

Opioids Context-dependent 
inhibition failure 

Altered dopamine-glutamate 
balance 

Stress and cue sensitivity 
prominent 

 
Developmental Vulnerability and 
Inhibitory Control 
Developmental timing plays a critical role in shaping 
inhibitory control deficits in substance use disorders. 
Early exposure to psychoactive substances during 
adolescence disproportionately affects executive 
circuitry due to the ongoing maturation of the 
prefrontal cortex. Disruption of synaptic pruning and 
myelination during this period produces enduring 
deficits in inhibitory control that extend into adulthood 
and increase vulnerability to chronic addiction.16,17 

Importantly, inhibitory deficits observed in 
adolescence predict later substance use escalation, 
suggesting that impaired inhibition may function as 
both a risk factor and a consequence of substance 
use. This bidirectional relationship underscores the 
importance of early intervention strategies targeting 
executive function to prevent the consolidation of 
addictive behaviors. 
 
 



Executive Control Dysfunction and Impairment in Substance Use Disorders 

© 2026 European Society of Medicine 14 

Clinical Implications of Impaired 
Inhibitory Control 
The recognition of impaired inhibitory control as a 
central neurocognitive deficit in substance use 
disorders carries important clinical implications for 
assessment, prognosis, and treatment. Rather than 
representing a nonspecific byproduct of chronic 

drug exposure, inhibitory dysfunction appears to 
play an active role in shaping addiction trajectories, 
influencing relapse vulnerability, treatment 
engagement, and long-term recovery outcomes. 
Integrating inhibitory control into clinical models of 
addiction offers a more mechanistic framework for 
understanding persistent drug use and tailoring 
interventions. 

 
Table 6. Clinical Implications of Inhibitory Control Deficits  

 

Clinical Domain Implication 

Relapse prediction Inhibitory deficits predict relapse independently of craving 

Treatment engagement Severe deficits limit the capacity to implement CBT strategies 

Risk stratification Behavioral inhibition measures may identify high-risk patients 

Mechanistic framing Reframes relapse as neurocognitive failure rather than lack of motivation 

 
Inhibitory Control as a Predictor of 
Relapse Vulnerability 
One of the most robust clinical findings in addiction 
neuroscience is the association between inhibitory 
control deficits and relapse risk. Behavioral measures 
of inhibition, particularly stop-signal reaction time 
and Go/No-Go task performance, reliably predict 
treatment outcomes across substances. Individuals 
exhibiting greater inhibitory impairment are more 
likely to relapse following detoxification or behavioral 
intervention, even when controlling for baseline 
severity of substance use.22,25 

 
Neuroimaging evidence further supports the 
prognostic value of inhibitory circuitry integrity. 
Reduced activation of the inferior frontal gyrus, 
anterior cingulate cortex, and dorsolateral prefrontal 
cortex during inhibitory tasks has been associated 
with increased relapse risk in cocaine, alcohol, and 
nicotine dependence.18,25 These findings suggest 
that insufficient recruitment of executive control 
networks limits the capacity to resist drug-seeking 
behavior in high-risk situations, such as cue exposure 
or emotional distress. 
 

Importantly, inhibitory deficits predict relapses 
independently of self-reported craving. This 
dissociation highlights a critical clinical insight: 
individuals may consciously endorse abstinence 
goals while lacking the neurocognitive capacity to 
suppress automatic drug-seeking responses. In this 
context, relapse reflects a failure of control rather than 
a failure of motivation, underscoring the limitations 
of treatment approaches that rely solely on insight, 
education, or willpower. 
 

Implications for Clinical Assessment 
and Risk Stratification 
Despite their clinical relevance, inhibitory control 
deficits are not routinely assessed in standard 
addiction treatment settings. Incorporating brief, 
validated measures of inhibitory control into 
clinical assessment may enhance risk stratification 
and inform treatment planning. Tasks such as the 
stop-signal paradigm or computerized Go/No-Go 
assessments can be administered efficiently and 
provide objective indices of executive function that 
complement self-report measures. 
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Neurocognitive profiling may be particularly valuable 
for identifying individuals at heightened risk for 
early dropout or relapse. Patients with pronounced 
inhibitory deficits may benefit from intensified 
monitoring, extended treatment duration, or 
adjunctive interventions targeting executive function. 
Conversely, individuals with relatively preserved 
inhibitory control may respond more favorably to 
standard behavioral interventions. 
 
Beyond behavioral tasks, emerging biomarkers 
derived from neuroimaging or electrophysiology 
hold promise for refining risk assessment. Reduced 
prefrontal activation or altered functional connectivity 
within inhibitory networks may serve as neural 
indicators of vulnerability, although practical 
considerations currently limit widespread clinical 
application. As translational research advances, 
simplified neurophysiological markers of inhibitory 
capacity may become increasingly feasible. 
 

Impaired Inhibitory Control and 
Treatment Resistance 
Inhibitory dysfunction also provides a framework 
for understanding treatment resistance in substance 
use disorders. Behavioral interventions such as 
cognitive-behavioral therapy and motivational 
interviewing assume a baseline capacity for self-
regulation, including the ability to pause, reflect, and 
implement coping strategies in high-risk situations. 
For individuals with severe inhibitory impairment, 
these demands may exceed available executive 
resources, limiting treatment efficacy. 
 
This mismatch may explain why some patients 
demonstrate insight into their condition yet repeatedly 
fail to implement behavioral change. In such cases, 
inhibitory deficits constrain the translation of 
intention into action, resulting in recurrent lapses 
that are often misinterpreted as noncompliance or 
lack of motivation. Recognizing inhibitory dysfunction 
as a neurocognitive limitation rather than a 
characterological flaw can inform more compassionate 
and effective clinical approaches. 

Inhibitory Control as a Treatment 
Target 
The identification of inhibitory control as a modifiable 
mechanism has spurred interest in interventions 
designed to strengthen executive regulation. 
Cognitive remediation and inhibitory control training 
programs aim to improve response inhibition through 
repeated practice on tasks requiring suppression of 
prepotent responses. Preliminary studies suggest 
that such training can enhance inhibitory performance 
and reduce impulsivity, although generalization to 
real-world drug use remains an area of active 
investigation.46 

 
Neuromodulation techniques, including repetitive 
transcranial magnetic stimulation and transcranial 
direct current stimulation, have shown promise in 
augmenting prefrontal inhibitory circuits. Stimulation 
of the dorsolateral prefrontal cortex has been 
associated with reduced craving and improved 
inhibitory performance in individuals with substance 
use disorders.47 These approaches may enhance 
top-down control by directly modulating neural 
activity within executive networks. 
 
Pharmacologic strategies targeting dopaminergic 
and glutamatergic systems also represent potential 
avenues for restoring inhibitory function. Agents 
that normalize dopamine signaling or stabilize 
glutamatergic transmission may improve executive 
control and reduce impulsivity, although clinical 
evidence remains mixed.48 Importantly, pharmacologic 
interventions are likely to be most effective when 
combined with behavioral therapies that capitalize 
on improved inhibitory capacity. 
 

Developmental and Preventive 
Implications 
From a preventive perspective, inhibitory control 
deficits observed during adolescence may represent 
a critical target for early intervention. Programs 
designed to strengthen executive function during 
development could reduce vulnerability to substance 
use initiation and escalation. Given the heightened 
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sensitivity of prefrontal circuitry during adolescence, 
interventions delivered during this period may 
yield long-term benefits by preserving inhibitory 
capacity and resilience. 
 

Cognitive Training and Executive 
Function Remediation 
Cognitive training interventions are designed to 
enhance inhibitory control through repeated practice 
on tasks that demand response suppression, 
attentional regulation, and conflict monitoring. These 
programs draw on principles of neuroplasticity, 
positing that targeted engagement of executive 
networks can strengthen inhibitory capacity over 
time. 
 

In addiction research, inhibitory control training has 
most commonly employed variants of Go/No-Go 
and stop-signal paradigms in which drug-related cues 
are paired with response inhibition. Such training 
aims to weaken automatic approach tendencies 
and reinforce inhibitory associations. Experimental 
studies indicate that repeated inhibitory training 
can reduce cue-induced craving and improve 
performance on laboratory measures of response 
inhibition.49 Although effect sizes are modest and 
generalization to real-world behavior varies, these 
findings support the feasibility of directly targeting 
inhibitory mechanisms. 
 

Neuromodulation of Prefrontal 
Inhibitory Circuits 
Noninvasive neuromodulation techniques have 
emerged as promising tools for directly enhancing 
prefrontal inhibitory networks. Repetitive transcranial 
magnetic stimulation (rTMS) and transcranial direct 
current stimulation (tDCS) can modulate cortical 
excitability and functional connectivity within executive 
control circuits, offering a mechanistically targeted 
intervention. 
 

High-frequency rTMS applied to the dorsolateral 
prefrontal cortex has been shown to reduce craving 
and improve inhibitory performance in individuals 
with substance use disorders, particularly in cocaine, 

nicotine, and alcohol dependence.50 These effects 
are thought to reflect enhanced top-down control 
over subcortical reward systems, as evidenced by 
changes in prefrontal-striatal connectivity following 
stimulation. While clinical outcomes vary, meta-
analytic evidence suggests modest but reliable 
reductions in craving and substance use with repeated 
sessions. 
 

tDCS offers a complementary approach by applying 
low-intensity electrical currents to modulate neuronal 
excitability. Anodal stimulation of the prefrontal 
cortex has been associated with improvements in 
inhibitory control and reduced impulsivity in 
experimental settings.51 Although tDCS is more 
portable and cost-effective than rTMS, variability in 
electrode placement, stimulation parameters, and 
individual anatomy has contributed to inconsistent 
results. 
 

Pharmacologic Strategies to Restore 
Inhibitory Function 
Pharmacologic approaches to improving inhibitory 
control have focused primarily on modulating 
dopaminergic and glutamatergic systems. Given 
the central role of these neurotransmitters in 
prefrontal-striatal regulation, pharmacologic 
normalization of signaling may enhance executive 
control and reduce impulsivity. 
 

Agents that increase dopaminergic tone in the 
prefrontal cortex, such as modafinil or 
methylphenidate, have shown mixed results in 
substance use disorders. While some studies report 
improvements in executive function and reduced 
impulsivity, concerns regarding abuse liability and 
inconsistent clinical outcomes have limited widespread 
adoption.52 

 

Glutamatergic agents, including N-acetylcysteine, 
have garnered interest for their capacity to restore 
glutamate homeostasis and strengthen prefrontal 
regulation. Preclinical studies demonstrate that such 
agents can normalize cortico-striatal signaling and 
reduce compulsive drug-seeking behavior. Clinical 
trials suggest modest benefits in reducing craving 
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and relapse, particularly when combined with 
behavioral interventions.53 

 

Importantly, pharmacologic interventions targeting 
inhibitory control are unlikely to be effective as 
standalone treatments. Instead, they may function 
best as facilitators that enhance the capacity of 
individuals to engage with cognitive and behavioral 
therapies by restoring a baseline level of executive 
regulation. 
 

Individual Differences and Precision 
Intervention 
Not all individuals with substance use disorders 
exhibit equivalent inhibitory deficits, and therapeutic 
response varies accordingly. Baseline inhibitory 
capacity, developmental history, substance type, 
and comorbid psychiatric conditions all influence 
treatment outcomes. Recognizing this heterogeneity 
underscores the importance of precision approaches 
that tailor interventions to individual neurocognitive 
profiles. 
 

For individuals with pronounced inhibitory 
impairment, interventions that directly strengthen 
executive control, such as neuromodulation or 
cognitive remediation, may be particularly beneficial. 
Conversely, individuals with relatively preserved 
inhibitory capacity may derive greater benefit from 
motivational or skills-based therapies. Integrating 
inhibitory control assessment into treatment 
planning could therefore enhance personalization 
and efficacy. 
 

Limitations of the Current Evidence 
Despite substantial progress in characterizing 
inhibitory control deficits in substance use disorders, 
several limitations constrain interpretation and 
translation. First, much of the empirical literature is 
cross-sectional, limiting causal inference regarding 
whether inhibitory dysfunction precedes substance 
use, results from chronic exposure, or reflects an 
interaction between preexisting vulnerability and 
neurotoxic effects. Although longitudinal studies 
suggest that impaired inhibitory control predicts 

escalation and relapse, such designs remain relatively 
scarce, particularly across diverse substances and 
developmental stages. 
 

Second, inhibitory control is frequently operationalized 
using laboratory paradigms that capture discrete 
aspects of response suppression but may not fully 
generalize to real-world behavior. Tasks such as the 
stop-signal and Go/No-Go paradigms offer strong 
internal validity yet incompletely model the complexity 
of inhibitory demands encountered in naturalistic 
settings, where emotional salience, stress, and 
environmental cues dynamically interact. Bridging 
this ecological gap remains a central challenge for 
translational addiction neuroscience. 
 

Third, neuroimaging findings, while highly informative, 
are subject to methodological heterogeneity across 
studies. Variability in task design, imaging parameters, 
analytic approaches, and sample characteristics 
complicates direct comparison and meta-analytic 
synthesis. Structural and functional alterations in 
prefrontal-striatal circuitry are robust at the group 
level, but individual-level prediction remains imperfect, 
limiting immediate clinical applicability. 
 

Fourth, comorbidity represents an important 
confound. Many individuals with substance use 
disorders exhibit co-occurring psychiatric conditions, 
such as attention-deficit/hyperactivity disorder, 
mood disorders, or trauma-related disorders, that 
independently affect inhibitory control. Disentangling 
substance-specific inhibitory deficits from 
transdiagnostic executive dysfunction requires 
carefully controlled designs and dimensional 
approaches. 
 

Finally, intervention studies targeting inhibitory 
control often demonstrate modest effect sizes and 
inconsistent durability. Improvements in laboratory 
measures do not always translate into sustained 
reductions in substance use, underscoring the need 
for integrative, multimodal treatment strategies 
and longer-term follow-up. 
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Conclusion 
Impaired inhibitory control represents a central 
neurocognitive deficit in substance use disorders, 
reflecting dysfunction within prefrontal-striatal 
circuitry and dysregulation of dopaminergic and 
glutamatergic signaling. Across substances, inhibitory 
failure contributes to compulsive drug seeking, 
diminished behavioral flexibility, and heightened 
relapse vulnerability. Contemporary addiction 
models underscore the role of inhibitory control as 
a gatekeeper that determines whether behavior 
remains goal-directed or becomes habitual and 
stimulus-driven. 
 

Empirical evidence from behavioral paradigms, 
neuroimaging studies, and longitudinal clinical 
research converges on inhibitory dysfunction as 
both a vulnerability factor and a consequence of 
chronic substance exposure. Developmental timing, 
particularly adolescent exposure, further amplifies 
risk by disrupting the maturation of executive 
networks. 
 

Clinically, these insights support a shift toward 
mechanism-informed approaches that recognize 
inhibitory control as a modifiable treatment target. 
Interventions aimed at strengthening executive 
regulation, through cognitive training, 
neuromodulation, and pharmacologic support, 
offer promising adjuncts to established behavioral 
therapies. Although translational challenges remain, 
continued integration of cognitive neuroscience, 
developmental research, and clinical intervention 
holds the potential to improve outcomes and advance 
precision treatment in addiction medicine. 
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