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Abstract

Background: Addiction is a multifaceted 
disorder involving compulsive substance use, 
impaired self-regulation, and continued use 
despite adverse consequences. Neurobiological 
alterations in key brain regions, including the 
Prefrontal Cortex (PFC), amygdala, hippocam-
pus, and mesolimbic reward system, underlie 
addiction pathophysiology. These changes disrupt 
reward processing, cognitive control, and stress 
regulation, contributing to heightened cravings 
and relapse vulnerability. Emerging evidence 
suggests meditation may modulate these neuro-
biological pathways.

Objective: This review explores the neuro-
biological mechanisms underlying addiction 
and evaluates potential therapeutic effects of 
meditation on these pathways.

Methods: A narrative review of current 
literature was conducted, synthesizing evidence 
from neurobiological studies, clinical trials, 
metaanalyses, and systematic reviews examining 
meditation interventions in addiction populations.

Results: Current evidence suggests addiction 
involves dysregulation of the mesolimbic 
reward system, with altered dopamine 
signalling, impaired PFC function, and 
amygdala hyperactivity. Preliminary research 
indicates meditation may influence these 
systems through multiple mechanisms, 
including modulation of prefrontal-limbic 
connectivity, stress response normalization via 
the Hypothalamic-Pituitary-Adrenal (HPA) 
axis, and enhanced neuroplasticity. However, 
findings remain mixed, with significant 
methodological limitations across studies.

Conclusion: While preliminary evidence 
suggests meditation may engage 
neurobiological pathways implicated in 
addiction, current research limitations 
preclude definitive conclusions. Further 
rigorous, controlled studies with standardized 
meditation protocols, larger sample sizes, 
and longer follow-up periods are essential to 
establish clinical efficacy and elucidate specific 
mechanisms of action.
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Introduction

Addiction represents a chronic, relapsing 
condition characterized by compulsive 
engagement with substances or behaviours, 
loss of control, and persistence despite adverse 
consequences. The Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition 
(DSM-5) classifies these under “substance-
related and addictive disorders,” with diagnostic 
criteria including intense cravings, tolerance, 
and withdrawal symptoms [1]. Globally, 
addiction poses a significant public health 
burden, with an estimated 39.5 million people 
suffering from drug use disorders worldwide 
and addiction-related costs exceeding $740 
billion annually in the United States alone [2,3].

The neurobiological foundations of addiction 
involve dysfunctions within brain reward 
circuitry, particularly the mesolimbic dopamine 
system, Prefrontal Cortex (PFC), and amygdala. 
These structures regulate reward response, 
impulse control, emotional regulation, and habit 
formation. Chronic substance use hijacks this 
circuitry, producing maladaptive neuroadaptations 
including heightened sensitivity to addiction-
related cues, diminished control over cravings, 
and increased stress-induced relapse vulnerability 
[4,5]. Additionally, high rates of comorbid 
psychological conditions (anxiety, depression, 
post-traumatic stress disorder) further complicate 
treatment outcomes [6,7].

Traditional addiction treatments primarily 
include pharmacological interventions (e.g., 
methadone, buprenorphine) and behavioral 
therapies (e.g., cognitive-behavioural therapy, 
contingency management). While these 
approaches demonstrate efficacy, relapse rates 
remain high (40% to 60% within the first 
year), highlighting the need for complementary 
therapeutic strategies [8,9].

Within this context, meditation has emerged as 
a potentially promising adjunctive intervention. 
Rooted in contemplative traditions, meditation 
encompasses practices aimed at cultivating 
mindfulness, self-awareness, and emotional 
regulation. Preliminary research suggests 
meditation techniques, including mindfulness 
meditation, transcendental meditation, and 
loving-kindness meditation, may modulate 
neural pathways implicated in addiction 
[10,11]. Oriented Recovery Enhancement 
(MORE), such as Mindfulness-Based Relapse 
Prevention (MBRP) and Mindfulness-Oriented 
Recovery Enhancement (MORE), have shown 
preliminary evidence of reducing substance use 
in some populations, though findings remain 
inconsistent across studies [12,13].

Neuroimaging studies using Functional 
Magnetic Resonance Imaging (fMRI) and 
electroencephalography (EEG) indicate 
meditation may enhance prefrontal-subcortical 
connectivity, modulate amygdala reactivity, and 
influence the Default Mode Network (DMN) 
[14-16]. However, significant methodological 
limitations, including small sample sizes, 
heterogeneous meditation protocols, and lack 
of active control conditions, limit interpretation 
of these findings [17].

This review critically examines current evidence 
regarding meditation’s role in addiction 
recovery, evaluating both neurobiological 
mechanisms and clinical outcomes while 
highlighting methodological limitations and 
future research needs.

Methodology

Search strategy

A comprehensive literature search was 
conducted across multiple electronic databases 
including PubMed/MEDLINE, PsycINFO, Web 
of Science, and Google Scholar. The search 
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covered publications from January 2010 through 
December 2023 to capture recent advances in 
neuroscience research methodologies. Search 
terms included combinations of: 

•	 Meditation-related terms: “meditation,” 
“mindfulness,” “mindfulness-based 
intervention,” “MBI,” “MBRP,” “MORE,” 
“transcendental meditation,” “loving-
kindness meditation,” “compassion 
meditation”.

•	 Addiction-related terms: “addiction,” 
“substance use disorder,” “SUD,” 
“substance abuse,” “drug dependence,” 
“alcohol dependence,” “opioid use 
disorder,” “relapse,” “craving”.

•	 Neurobiology-related terms: 
“neurobiology,” “neuroimaging,” “fMRI,” 
“functional connectivity,” “dopamine,” 
“reward system,” “prefrontal cortex,” 
“neuroplasticity,” “brain changes”.

Studies were prioritized based on: 

•	 methodological rigor (randomized 
controlled trials, systematic reviews, meta-
analyses).

•	 neurobiological outcomes (neuroimaging 
findings, neurotransmitter assessments, 
HPA axis function).

•	 Clinical relevance to addiction populations.

•	 Publication in peer-reviewed English-
language journals. Emphasis was placed 
on recent publications (2015-2023) while 
including seminal foundational studies.

This review synthesizes findings from diverse 
study designs including randomized controlled 
trials, neuroimaging investigations, meta-
analyses, and systematic reviews. Both positive 
and negative findings are presented to provide 
balanced evaluation of current evidence. 

Critical limitations of existing research are 
highlighted throughout, including small sample 
sizes, heterogeneous meditation protocols, lack 
of active control conditions, short follow-up 
periods, and publication bias concerns.

Neurobiology of addiction

Addiction involves complex alterations across 
multiple brain systems. The mesolimbic reward 
pathway, comprising the Ventral Tegmental 
Area (VTA) and Nucleus Accumbens (NAc), 
plays a central role through dopamine-mediated 
reward signalling. Chronic substance exposure 
induces neuroadaptations including dopamine 
receptor downregulation, reduced dopamine 
release to natural rewards, and sensitization to 
drug-associated cues [18].

The prefrontal cortex, particularly dorsolateral 
and ventromedial regions, mediates executive 
functions including impulse control, decision-
making, and self-regulation. In addition, PFC 
hypoactivity correlates with impaired behavioral 
control and increased relapse susceptibility [19]. 
The amygdala processes emotional salience and 
stress responses, with hyperactivity contributing 
to heightened anxiety, negative affect, and cue-
induced craving [20]. The hippocampus encodes 
contextual memories, linking environmental 
cues with substance use experiences [21].

 

Key neurotransmitter systems implicated 
in addiction include dopamine (reward and 
motivation), glutamate (learning and memory 
consolidation), GABA (inhibitory control), 
and endogenous opioids (hedonic tone). The 
Hypothalamic-Pituitary-Adrenal (HPA) axis 
dysregulation manifests as elevated basal 
cortisol and stress hyperreactivity, contributing 
to negative reinforcement mechanisms 
underlying continued substance use [22].
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Neurobiological Mechanisms of 
Meditation in Addiction Recovery

Emerging evidence suggests meditation may 
influence neurobiological pathways implicated 
in addiction, though mechanisms remain 
incompletely understood. Preliminary research 
indicates meditation practice may be associated 
with structural and functional changes in 
brain regions central to addiction pathology, 
including the prefrontal cortex, amygdala, and 
hippocampus. Neuroimaging studies suggest 
mindfulness meditation may increase gray 
matter density in prefrontal regions, potentially 
enhancing self-regulatory capacity and decision-
making processes [23]. Additionally, some 
research indicates meditation practices may 
modulate amygdala activity, possibly reducing 
emotional reactivity to drug-related cues and 
diminishing the emotional reinforcement of 
addiction-related stimuli, though findings are 
not entirely consistent across studies [24,25].

With regard to neurotransmitter systems, 
preliminary evidence suggests meditation may 
influence serotonin and dopamine function, 
neurotransmitters centrally involved in 
mood regulation and reward processing [26]. 
By potentially modulating these systems, 
meditation might help address neurobiological 
alterations associated with addiction, such 
as altered dopamine sensitivity and reduced 
natural reward responsiveness, though the 
clinical significance and specific mechanisms 
require further investigation.

While meditation’s influence on brain structure, 
function, and neurochemistry offers promise for 
addressing addiction-related neurobiological 
changes, current evidence is limited by small 
sample sizes, heterogeneous protocols, and 
insufficient mechanistic understanding. The 
following sections detail specific proposed 
mechanisms with critical evaluation of existing 
evidence (Figures 1 and 2).

Modulation of reward pathways

Preliminary neuroimaging studies indicate 
meditation practice may normalize reward 

Figure 1) Flowchart illustrating the neurobiological 
pathways influenced by meditation in addiction recovery. 
Key pathways include regulation of serotonin, dopamine, 
and neuroplasticity, contributing to improved mood 
regulation, emotional control, decision-making, and 
memory, while reducing cravings, relapse risks, and drug 
cue reinforcement. Brain regions such as the ACC, PFC, 
PCC, amygdala, and hippocampus are central to these 
mechanisms. ACC: Anterior Cingulate Cortex; PFC: 
Pre-frontal Cortex; PCC: Posterior Cingulate Cortex.

Figure 2) Flowchart summarizing neurobiological 
pathways influenced by meditation in addiction 
recovery, including modulation of reward pathways, 
stress regulation, cognitive control, craving-related 
circuits, and neuroplasticity. LKM: Loving Kindness 
Meditation; CMT: Compassionate Mind Training; TM: 
Transcendental Meditation; ANS: Autonomic Nervous 
System; PFC: Pre-Frontal Cortex.
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circuit function. Some research shows increased 
striatal dopamine release during meditation 
and enhanced ventral striatum activation to 
natural rewards following meditation training. 
However, findings are inconsistent, with other 
studies reporting no significant dopamine 
changes. The clinical significance of these 
alterations for addiction recovery remains 
unclear [27].

Stress response regulation

Multiple studies suggest meditation may 
attenuate HPA axis reactivity, reducing stress-
induced cortisol release and potentially 
decreasing relapse vulnerability. Meta-analyses 
indicate moderate effects of mindfulness 
interventions on cortisol levels, though 
heterogeneity across studies is substantial. 
Long-term practitioners demonstrate lower 
basal cortisol and attenuated stress responses, 
though causality cannot be established from 
cross-sectional comparisons [28].

Enhancement of cognitive control

Neuroimaging evidence suggests meditation 
training may enhance prefrontal cortex activity 
and prefrontal-limbic connectivity. Some studies 
report increased activation in dorsolateral PFC 
during inhibitory control tasks and strengthened 
connectivity between PFC and amygdala 
following mindfulness training. However, effect 
sizes are generally small to moderate, and clinical 
translation to improved addiction outcomes 
remains incompletely demonstrated [29].

Craving-related neural modulation

Preliminary research indicates meditation 
may reduce activation in craving-related brain 
regions, particularly the insula and Posterior 
Cingulate Cortex (PCC). Mindfulness-based 
interventions show promise in reducing 
subjective craving intensity and cue-reactivity, 
though mechanisms remain incompletely 

understood. The degree to which neural changes 
mediate clinical craving reduction requires 
further investigation [30]. 

Neuroplasticity and structural changes

Longitudinal studies suggest meditation practice 
may promote structural brain changes, including 
increased gray matter density in hippocampus 
and PFC and alterations in cortical thickness. 
However, sample sizes in neuroimaging 
studies are typically small (n<50), limiting 
generalizability. Whether observed structural 
changes translate to functional recovery in 
addiction populations requires systematic 
investigation [31].

Meditation Practices for Addiction 
Recovery

Meditation has become a prominent 
complementary therapy for addiction 
recovery, due to its ability to address both the 
neurobiological and psychological factors 
contributing to substance use disorders. Various 
meditation techniques have been studied for 
their effectiveness in reducing addiction severity, 
promoting emotional regulation, and enhancing 
cognitive control. Below, we will discuss some 
of the most commonly utilized meditation 
practices in addiction treatment, focusing on 
their specific mechanisms and benefits.

Mindfulness meditation

Mindfulness meditation emphasizes present-
moment awareness without judgment [32,33]. 
Mindfulness-Based Relapse Prevention 
(MBRP) integrates mindfulness training 
with cognitive-behavioral relapse prevention 
strategies [34]. While some trials demonstrate 
reduced substance use and relapse rates 
compared to treatment-as-usual, other studies 
show no significant differences. Meta-
analyses suggest small to moderate effects, 
with substantial heterogeneity across studies 
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reflecting variations in intervention protocols, 
control conditions, and outcome measures [35].

Loving-Kindness Meditation (LKM)

Loving-kindness meditation (LKM) cultivates 
compassion toward self and others [36]. 
Preliminary evidence suggests LKM may 
reduce shame, self-criticism, and negative 
affect factors associated with substance use 
[37]. However, research specifically examining 
LKM in addiction populations is limited, with 
most studies involving non-clinical samples or 
populations with other mental health conditions 
[38].

Transcendental Meditation (TM)

Transcendental Meditation (TM) involves 
silent mantra repetition to achieve restful 
alertness. Early studies suggested TM might 
reduce substance use in alcohol-dependent 
individuals, though methodological limitations 
(small samples, lack of adequate controls) 
restrict interpretation [39,40]. More rigorous 
contemporary research is needed to establish 
TM efficacy in addiction treatment.

Yoga and meditation

Yoga combines physical postures, breathing 
exercises, and meditation. Preliminary studies 
suggest yoga interventions may improve 
emotional regulation and reduce stress in 
addiction populations [41,42,43]. However, 
component analysis distinguishing meditation-
specific from exercise-related effects is lacking 
in most studies.

Discussion

This review synthesized evidence regarding 
meditation’s potential influence on addiction-
related neurobiology and clinical outcomes. 
Preliminary research suggests meditation 
may modulate multiple neurobiological 
systems implicated in addiction, including 

reward processing, stress regulation, cognitive 
control, and neuroplasticity. Mindfulness-
based interventions show promise for reducing 
substance use and relapse in some populations, 
though findings remain inconsistent across 
studies.

Critical Evaluation and Limitations

Methodological limitations

Current research faces several significant 
limitations. First, sample sizes in neuroimaging 
studies are typically small (median n=30), 
limiting statistical power and generalizability. 
Second, meditation protocols vary substantially 
across studies in type, duration (ranging from 
2 weeks to several months), frequency, and 
delivery method (group vs. individual, in-
person vs. app-based), hindering cross-study 
comparisons and meta-analytic synthesis. 
Third, many studies lack active control 
conditions, raising questions about placebo 
effects, expectancy, and therapeutic alliance 
contributions to observed outcomes. Fourth, 
participant characteristics vary widely, including 
addiction severity, substance type (alcohol, 
opioids, stimulants, cannabis), treatment 
setting (inpatient vs. outpatient), and comorbid 
conditions, limiting generalizability.

Measurement and Outcome Issues

Outcome measures lack standardization, with 
studies employing diverse craving scales, 
substance use measures, and relapse definitions. 
Neurobiological assessments utilize different 
imaging protocols, analysis methods, and 
regions of interest, complicating integration. 
Follow-up periods are often short (typically 3-6 
months), insufficient for assessing sustained 
recovery given addiction’s chronic, relapsing 
nature. Meditation practice adherence and 
quality are rarely systematically assessed, 
obscuring dose-response relationships.
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Publication Bias and Reporting

Potential publication bias toward positive 
findings may inflate apparent effectiveness. 
Selective outcome reporting within studies 
and lack of pre-registration for many trials 
raise concerns about analytical flexibility and 
p-hacking. Insufficient reporting of adverse 
events and dropout reasons limits comprehensive 
risk-benefit assessment.

Theoretical and Mechanistic 
Considerations

While meditation’s effects on attention, 
emotion regulation, and self-awareness align 
conceptually with addiction recovery needs, 
specific mechanisms linking meditation 
practice to neurobiological changes and 
clinical outcomes remain incompletely 
elucidated. Proposed pathways, including 
enhanced cognitive control, stress reduction, 
and reward sensitivity normalization, require 
further validation through mechanistic studies 
employing mediation analyses, experimental 
manipulation of specific meditation components, 
and investigation of individual difference factors 
predicting treatment response.

Clinical Implications and Future 
Directions

Despite limitations, existing evidence suggests 
meditation-based interventions may offer 
benefits as adjunctive treatments within 
comprehensive addiction care. However, 
several research priorities merit attention. 
Large-scale, multi-site randomized controlled 
trials with adequate statistical power, active 
control conditions (e.g., cognitive training, 
exercise), and extended follow-up periods 
(≥12 months) are essential. Standardization of 
meditation protocols, including dose, delivery 
method, and quality assurance procedures, 
would enhance cross-study comparability. 

Component analysis dismantling studies 
could identify active ingredients within multi-
component interventions. Investigation of 
moderators (addiction severity, substance 
type, comorbid conditions, demographic 
factors) and mediators (cognitive, emotional, 
neurobiological mechanisms) would inform 
personalized treatment approaches. Integration 
of multi-modal assessment (neuroimaging, 
peripheral biomarkers, ecological momentary 
assessment) would provide comprehensive 
mechanistic understanding. Finally, pragmatic 
effectiveness trials in real-world clinical settings 
would inform implementation and scalability.

Limitations of this Review

This review has several limitations. The narrative 
synthesis approach, while comprehensive, lacks 
the quantitative rigor of formal meta-analysis. 
Exclusion of non-English publications may 
introduce language bias. The rapidly evolving 
research landscape means recent studies may not 
be fully captured. Finally, quality assessment, 
while considered, was not formally scored using 
established instruments.

Conclusion

Meditation-based interventions represent 
a potentially promising complementary 
approach for addiction recovery, with 
preliminary evidence suggesting engagement of 
neurobiological pathways relevant to addiction 
pathophysiology. However, current research 
limitations, including small sample sizes, 
heterogeneous protocols, inadequate control 
conditions, and insufficient follow-up, preclude 
definitive conclusions regarding efficacy and 
mechanisms of action.

While meditation may offer benefits for some 
individuals within comprehensive addiction 
treatment, it should not be viewed as a standalone 
intervention or replacement for evidence-based 
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treatments. Future research employing rigorous 
methodologies, standardized protocols, and 
extended follow-up periods is essential to 
establish meditation’s role in addiction recovery 
and identify optimal implementation strategies. 
Until such evidence emerges, meditation-based 
interventions should be implemented cautiously, 
with careful monitoring of outcomes and 
attention to individual patient characteristics 
and preferences.

Ultimately, addressing the multifaceted 
challenge of addiction requires integrated 
approaches combining pharmacological, 
psychological, social, and potentially 
contemplative interventions tailored to 
individual needs. Continued investigation 
of meditation’s neurobiological and clinical 
effects, alongside development of personalized 
treatment algorithms, holds promise for 
enhancing addiction recovery outcomes.
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