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Drug Addiction and Brain Damage

Introduction
Drug addiction has profound social and psychological 
consequences.  Socially, individuals with substance use 
disorders often experience strained relationships, social 
isolation, and stigmatization.  Negative social influences, 
such as peer pressure and social stress, can exacerbate 
drug-seeking behaviours and increase the risk of relapse. 

[1-2]  Additionally, drug addiction can lead to criminal 
behaviour, further complicating social reintegration 
and increasing the burden on legal and correctional 
systems[3]

Psychologically, addiction is associated with significant 
mental health issues, including depression, anxiety, and 
cognitive impairments.  Chronic drug use disrupts brain 
circuits involved in reward, motivation, and executive 
function, leading to compulsive drug-seeking behaviours 

and impaired decision-making. [4-5] The interplay between 
social stress and addiction can perpetuate a cycle of drug 
use and relapse, as stress-related neural alterations overlap 
with addiction-related brain changes.[2]

Overall, the social and psychological consequences of drug 
addiction are interlinked, with social stress and negative 
social influences playing critical roles in the development 
and persistence of substance use disorders.

Addictive drugs severely harm the brain, altering 
neurotransmitter levels and causing structural changes. 
Prolonged use impairs cognitive functions, reduces brain 
volume, and disrupts emotional regulation. Key brain 
areas like the prefrontal cortex, hippocampus, and gray and 
white matter are affected, leading to issues with decision-
making, memory, and behaviour control. Cocaine, 
methamphetamine, cannabis, and alcohol each impact 
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specific regions, further increasing the risk of mental health 
disorders such as anxiety, depression, and psychosis. These 
changes make natural rewards less satisfying, deepening 
dependency and addiction.

The Main Aspects of Drug Damage to the 
Nervous System
There is extensive reference in the scientific literature to 
the damage caused by drugs to the nervous system. What 
is notable in scientific writing on this subject is that most 
of the time each article presents a narrow aspect of the 
damage caused. This review focuses on the totality of 
the damage caused by drug use. Aspects related to the 
transmission of information between nerve cells, structural 
changes in tissues and various brain regions, and also the 
mental and emotional consequences are presented.

Addictive drugs can cause various damages to the brain, 
including:

Neurotransmitter Imbalance

Addictive drugs cause imbalances in several key 
neurotransmitters, primarily affecting dopamine, glutamate, 
and gamma-aminobutyric acid (GABA).

Dopamine: Addictive substances such as opioids, 
stimulants, and alcohol increase dopamine levels in the 
nucleus accumbens, reinforcing drug-seeking behaviour. 
Chronic drug use leads to neuroadaptations that reduce 
the sensitivity of the dopamine system, contributing to 
tolerance and dependence.[6-8]

Glutamate: Chronic exposure to addictive drugs disrupts 
glutamate homeostasis, particularly in the nucleus 
accumbens. This disruption affects synaptic plasticity 
and enhances the brain’s reactivity to drug cues, which 
is critical for the development of addiction and relapse 
vulnerability.[6][8-9]

GABA: Addictive drugs also impact GABAergic 
transmission. For instance, alcohol and benzodiazepines 
enhance GABAergic activity, leading to sedative effects. 
Chronic use can result in compensatory changes that 
reduce GABAergic function, contributing to withdrawal 
symptoms and anxiety.[10-12]

These neurotransmitter imbalances collectively contribute 
to the compulsive drug-seeking behaviour and the 
difficulty in achieving sustained abstinence seen in 
addiction.  Understanding these changes is crucial for 
developing effective treatment strategies.

Structural Changes

Prolonged use can change brain structure, affecting areas 
responsible for decision-making, memory, and behaviour 
control. Addictive drugs induce significant structural 

changes in the brain, particularly in regions associated with 
reward, motivation, and executive function. These changes 
include alterations in gray matter volume, dendritic spine 
density, and synaptic plasticity.

Gray Matter Volume: Chronic use of addictive substances 
such as cocaine, opioids, and alcohol are associated with 
reductions in gray matter volume in key brain regions, 
including the medial frontal cortex, anterior cingulate 
cortex (ACC), and insula. These changes are linked to 
impairments in decision-making, emotional regulation, 
and impulse control.[13]

Dendritic Spine Density: Addictive drugs like cocaine 
and amphetamines increase dendritic spine density in the 
nucleus accumbens and prefrontal cortex. This structural 
plasticity enhances synaptic connectivity, reinforcing 
drug-seeking behaviors and contributing to the persistence 
of addiction. [14-15]

Synaptic Plasticity: Drug-induced synaptic plasticity 
involves long-term potentiation (LTP) and long-term 
depression (LTD) of synapses, particularly in the 
mesocorticolimbic dopamine system. These changes alter 
the balance of excitatory and inhibitory neurotransmission, 
promoting compulsive drug use and reducing sensitivity to 
natural rewards. [12,15-17]

Network-Level Implications: Structural alterations in the 
brain due to drug use impact large-scale brain networks, 
including the default mode network, salience network, and 
executive control network. These network-level changes 
are associated with the perpetuation of substance use and 
neurocognitive deficits.[13]

These structural changes underscore the complexity of 
addiction and highlight the need for targeted interventions 
to address the neurobiological underpinnings of substance 
use disorders.

Reduced Brain Volume

Addictive drugs reduce brain volume in several key 
regions:

Medial Prefrontal Cortex (mPFC): Chronic substance use, 
including heroin and cocaine, is associated with reduced 
gray matter volume in the mPFC. This region is crucial for 
decision-making and impulse control. [13,18-20]

Anterior Cingulate Cortex (ACC): The ACC, involved 
in emotional regulation and cognitive processing, shows 
decreased volume in individuals with substance use 
disorders. [19-21]

Insula: The insula, which plays a role in interoceptive 
awareness and craving, exhibits reduced gray matter 
volume in substance-dependent individuals.[22,23]
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Nucleus Accumbens (NAcc): Heroin use, in particular, is 
linked to decreased volume in the NAcc, a key region in 
the brain’s reward circuitry.[18]

Inferior Frontal Gyrus (IFG): Cocaine use is specifically 
associated with reduced gray matter volume in the IFG, 
which is involved in inhibitory control.[18]

Putamen: The putamen, part of the striatum, shows volume 
reductions associated with addiction severity across various 
substances.[18,19]

These structural changes highlight the impact of addictive 
drugs on brain regions critical for reward processing, 
impulse control, and emotional regulation, contributing 

Impaired Cognitive Function

Addictive drugs impair several cognitive functions, 
including:

Executive Functions: Chronic substance use disrupts 
executive functions such as attention, working memory, 
inhibition, and decision-making. These impairments are 
well-documented across various substances, including 
alcohol, psychostimulants, and opioids. [23,24]

Memory: Both episodic and prospective memory are 
affected by drug use. Episodic memory deficits are common 
in users of cannabis, psychostimulants, and opioids, while 
prospective memory is particularly impaired in cannabis 
and methamphetamine users. [25,26]

Emotional Processing: Addictive drugs alter emotional 
processing, leading to difficulties in recognizing and 
responding to emotional cues. This is particularly evident 
in the impaired response inhibition and salience attribution 
(iRISA) model, which highlights the dysregulation of 
emotional and cognitive processing in addiction. [27,28]

Cognitive Flexibility: Impairments in cognitive flexibility, 
the ability to adapt to changing situations, are frequently 
observed in individuals with substance use disorders, 
especially those using psychostimulants and alcohol.
[25,29]

Decision-Making: Drug addiction is associated with poor 
decision-making, characterized by an increased preference 
for immediate rewards over long-term benefits. This is 
linked to structural and functional changes in the prefrontal 
cortex and other related brain regions.[28,30]

These cognitive deficits are significant predictors of relapse 
and poor treatment outcomes, underscoring the need for 
targeted cognitive interventions in addiction treatment.
[24,31]

Increased Risk of Mental Disorders

Drug use can increase the risk of developing mental health 

disorders such as depression, anxiety, and psychosis. 
Addictive drugs significantly increase the risk of various 
mental disorders. Among individuals with opioid use 
disorder (OUD), there is a high prevalence of comorbid 
mental disorders, including  depression (36.1%),  anxiety 
(29.1%),  attention-deficit/hyperactivity disorder 
(20.9%), post-traumatic stress disorder (PTSD) (18.1%), 
and  bipolar disorder (8.7%). Additionally, lifetime 
prevalence rates for  antisocial personality disorder 
(33.6%)  and borderline personality disorder (18.2%)  are 
notably high.[32]

Illicit drug users also show a high prevalence of psychiatric 
comorbidities, with independent mood and anxiety 
disorders being particularly common. For instance, major 
depression  is prevalent in 17% of illicit drug users, 
and  antisocial or borderline personality disorders  are 
present in 22.9% of this population.[33]

Furthermore, there is robust evidence of increased 
comorbidity between mood disorders and substance-related 
disorders. For example, there is a sixfold elevated risk of 
comorbidity between broadly defined mood disorders and 
drug dependence, and a fivefold risk between depression 
and cannabis dependence.[34]

Substance use can also lead to substance-induced 
psychiatric disorders, such as  substance-induced mood 
disorders  and  substance-induced anxiety conditions. 
These findings underscore the critical need for integrated 
treatment approaches that address both substance use and 
co-occurring mental health disorders to improve overall 
outcomes for affected individuals.[35]

Reward System Alteration

Drugs can hijack the brain’s reward system, making 
natural rewards less satisfying and increasing dependency. 
Addictive drugs induce several alterations in the brain’s 
reward system:

Dopamine Signaling

Addictive substances trigger supraphysiologic surges of 
dopamine in the nucleus accumbens (NAc), which is central 
to the brain’s reward system. This increase in dopamine 
activates the direct striatal pathway via D1 receptors 
and inhibits the indirect striato-cortical pathway via D2 
receptors, reinforcing drug-seeking behavior.[36,37]

Neuroplastic Changes

Chronic drug use leads to neuroplastic changes in 
glutamatergic inputs to the striatum and midbrain dopamine 
neurons. These changes enhance the brain’s reactivity to 
drug cues, reduce sensitivity to non-drug rewards, and 
weaken self-regulation.[6,8,38]
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Reward Deficiency

In addicted individuals, there is an attenuated dopamine 
response to the actual drug consumption compared to the 
expected reward. This discrepancy drives compulsive 
drug-seeking behaviour to achieve the anticipated reward.
[39,40]

Extended Amygdala

Changes in the extended amygdala contribute to negative 
emotional states, perpetuating drug use as an attempt to 
alleviate these states temporarily.[39]

Functional Connectivity

Drug-induced alterations in the functional connectivity 
between the prefrontal cortex, NAc, and other limbic 
regions impair executive function and decision-making, 
further promoting compulsive drug use.[39]

These alterations collectively contribute to the development 
and persistence of addiction, highlighting the complex 
interplay between reward processing, emotional regulation, 
and executive control in substance use disorders.

Drain Regions that are Most Commonly 
Affected by Different Types of Addictive 
Drugs
Different types of addictive drugs impact specific brain 
regions, often involving the dopaminergic system and 
associated neural circuits.

Heroin use disorder is associated with reduced gray matter 
volume in the ventromedial prefrontal cortex (vmPFC) and 
nucleus accumbens (NAcc), as well as the putamen. These 
regions are critical for reward processing and decision-
making.[41]

Cocaine  use disorder shows distinct alterations, 
particularly in the inferior frontal gyrus (IFG), which is 
linked to inhibitory control. Additionally, cocaine use is 
associated with changes in the putamen, which correlates 
with addiction severity.[41]

Alcohol  use disorder impacts the dorsolateral prefrontal 
cortex (DLPFC), temporal cortex, frontal premotor cortex, 
and putamen. These regions are involved in executive 
function, motor planning, and reward processing.[42]

Cannabis use is associated with alterations in the DLPFC 
and temporal cortex, similar to other substances, indicating 
a common impact on executive function and memory.[42]

Nicotine use disorder shows marked alterations in the insula 
and thalamic regions, which are involved in interoceptive 
awareness and sensory processing.[7,43]

Overall, common brain regions affected across various 

substances include the prefrontal cortex, striatum, and limbic 
structures such as the amygdala and hippocampus. These 
regions are involved in reward processing, executive 
control, and emotional regulation, which are critical in the 
development and maintenance of addiction.[25,44,45]

The Common Neurological Symptoms In 
Individuals with Prolonged Addictive Drug 
Use
Common neurological symptoms in individuals with 
prolonged use of addictive drugs, considering the known 
damages to the brain such as white matter abnormalities, 
prefrontal cortex impairments, and long-lasting 
neurobiological changes, include:

1. Cognitive Impairments: These include deficits in attention, 
memory, and executive functions such as decision-making 
and impulse control. Chronic use of substances like cocaine 
and heroin is associated with significant alterations in these 
neuropsychological domains.[46-48]

2. Emotional Dysregulation: Increased anxiety, depressive 
symptoms, and emotional instability are frequently 
observed. These symptoms are linked to dysfunctions in 
the prefrontal cortex and limbic system, which are critical 
for emotional regulation.[46,47,49]

3. Motor Deficits: Chronic methamphetamine use, for 
example, is associated with corticostriatal deficits, leading 
to poor motor control and coordination.[49]

4.  Seizures and Stroke: Seizures can occur due to acute 
intoxication or withdrawal, while both ischemic and 
haemorrhagic strokes are common complications, 
particularly with cocaine use.[49-51]

5. Perceptual Disturbances: Hallucinations and other 
perceptual abnormalities are often reported, especially 
with the use of psychostimulants and hallucinogens.[51]

6. Neuropsychiatric Symptoms: These include psychosis, 
characterized by delusions and hallucinations, particularly 
with chronic use of substances like methamphetamine and 
cocaine.[52,53]

7.  Autonomic Dysfunctions: Dysautonomia, including 
irregular heart rate and blood pressure, can be a less overt 
but significant neurological manifestation.[53]

These symptoms are underpinned by structural 
and functional brain changes, such as white matter 
abnormalities, prefrontal cortex impairments, and 
disruptions in neurobiological pathways, which are well-
documented in the literature.[46-50]

The Populations that are Most at Risk for 
Developing Neurological Symptoms
The risk of developing neurological symptoms in the 
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drug-addicted population is greater than in the non-
drug-using population. However, there are populations 
of drug users who are at increased risk of developing 
neurological symptoms due to drug use. The neurological 
symptoms include cognitive impairments, emotional 
dysregulation, motor deficits, seizures, perceptual 
disturbances, neuropsychiatric symptoms, and autonomic 
dysfunctions from prolonged use of addictive drugs. 

Adolescents, pregnant women  and children of addicted 
pregnant women  that use drugs during their pregnancy are 
the populations most at risk for developing neurological 
symptoms from prolonged use of addictive drugs. 
Adolescence is a critical period for brain development, 
making the adolescent brain highly susceptible to the 
long-term consequences of drug exposure.  Studies have 
shown that adolescent exposure to substances like alcohol, 
nicotine, opioids, cannabinoids, and psychostimulants 
can lead to persistent changes in brain function, including 
disruptions in the prefrontal cortex and mesolimbic 
dopamine pathways, which affect reward systems, socio-
emotional processing, and cognition.[46]

Prenatal exposure to addictive drugs also poses significant 
risks. Drug use during pregnancy can lead to long-lasting 
disturbances in brain development in the offspring, resulting 
in cognitive and emotional impairments. These effects can 
occur even at low doses and with short periods of drug 
exposure during pregnancy. Additionally, pre-conception 
drug use by both females and males can adversely affect 
subsequent generations.[55]

Furthermore, individuals with substance use disorders, 
particularly those with chronic use of substances like 
cocaine and heroin, exhibit widespread white matter 
abnormalities, which are associated with cognitive 
deficits, emotional dysregulation, and other neurological 
symptoms.[56]

In summary, adolescents, pregnant women and  children 
that were prenatally exposed to drugs are particularly 
vulnerable to the neurological consequences of prolonged 
addictive drug use, with significant implications for both 
their own health and the health of their offspring.

Discussion
Drug addiction exerts profound effects across multiple 
domains of an individual’s life, including social, 
psychological, and medical aspects. Socially, individuals 
with substance use disorders face challenges such as social 
isolation, strained relationships, and stigmatization. This 
isolation is often compounded by difficulties in securing 
stable employment, further exacerbating social instability 
and dependency [1,3]. Psychologically, addiction disrupts 
critical circuits in the brain responsible for reward, 

motivation, and executive control. These disruptions 
manifest as impaired decision-making, emotional instability, 
and the emergence of mood disorders like anxiety and 
depression. Over time, these effects create a vicious cycle 
that reinforces addiction and diminishes the individual’s 
capacity for recovery [4,5]. Medically, prolonged substance 
use is associated with severe complications, including 
cardiovascular and hepatic diseases, as well as heightened 
vulnerability to infections like HIV and Hepatitis. Among 
the most alarming consequences is the damage inflicted on 
the brain, where chronic drug use leads to neurotransmitter 
imbalances, structural changes, and impaired cognitive 
functions. This damage can vary based on factors such as 
the type and duration of drug use, age, and overall health, 
and it often proves to be long-lasting or even permanent 
[13,31].

Conclusions
The broad review of the implications of drug use leads 
to a number of conclusions that have future implications 
for the health and functioning of drug addicts and the 
environmental damage caused by drug use. The main 
conclusions are:

Impact on Brain Health: The article clearly 1.	
demonstrates that drug addiction leads to substantial 
and often irreversible changes in brain health. 
Structural alterations such as reductions in gray 
matter volume, changes in dendritic spine density, 
and disruptions in synaptic plasticity are all strongly 
linked to the challenges of recovery. These changes, 
particularly in the prefrontal cortex, limbic system, 
and reward networks, impair critical functions such 
as decision-making and emotional regulation. This 
highlights the complex interplay between addiction 
and brain structure [18,19,31,40]. 

Cognitive and Emotional Impairments: One of the 2.	
most troubling outcomes of addiction is its profound 
impact on cognitive and emotional capacities. 
Neurotransmitter imbalances, especially involving 
dopamine, glutamate, and GABA, result in chronic 
deficits in memory, attention, and executive functions. 
These effects are further compounded by emotional 
dysregulation, making individuals more susceptible 
to relapse and mental health comorbidities such as 
depression and anxiety [6,10,28].

Vulnerable Populations: Adolescents and prenatally 3.	
exposed children are disproportionately affected 
by the neurological consequences of addiction. 
Adolescents, whose brains are still undergoing 
significant developmental changes, face heightened 
risks of long-term impairments in socio-emotional 
processing and cognition. Similarly, prenatal drug 
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exposure can lead to lasting cognitive and emotional 
deficits in offspring, underscoring the generational 
impact of addiction[46].

Long-Term Mental Health Risks: Addiction not only 4.	
results in neurological damage but also increases the 
likelihood of co-occurring mental health disorders. 
The prevalence of depression, anxiety, and psychosis 
among individuals with substance use disorders is 
significantly higher, further complicating recovery 
efforts and underscoring the need for integrated 
treatment approaches [32,34,35].

Recommendations for the Future
From the review, we can also learn about the future 
importance of steps that can influence and shape the ability 
to cope with the drug scourge. All of the above leads to a 
number of main recommendations that have the power to 
prevent the situation from deteriorating and perhaps even 
lead to significant improvements.

Integrated Treatment Programs: Future treatment 1.	
approaches must adopt a holistic view that addresses 
both the neurological and psychological dimensions 
of addiction. Interventions aimed at restoring 
neurotransmitter balance, enhancing neuroplasticity, 
and improving cognitive function should be prioritized. 
Additionally, combining pharmacological therapies 
with behavioural and cognitive interventions can 
improve long-term outcomes [15,23,24].

Early Intervention: Preventive measures and early 2.	
interventions play a critical role in mitigating the long-
term consequences of addiction. This is especially 
important for vulnerable populations like adolescents 
and pregnant women. School-based education 
programs, community outreach initiatives, and routine 
screening for substance use in healthcare settings can 
significantly reduce the incidence of addiction and its 
associated neurological consequences [46].

Policy and Awareness: Public policies that promote 3.	
awareness of the long-term effects of addiction on brain 
health are crucial. Governments and organizations 
should invest in education campaigns that highlight 
the risks associated with substance use and encourage 
individuals to seek help early. Reducing stigma and 
improving access to treatment services are also key 
steps toward fostering recovery [18,33].

Advancements in Research: Continued research into the 4.	
neurobiology of addiction is essential for developing 
innovative treatments. Areas of focus should include 
the mechanisms of neuroplasticity, the role of specific 
brain regions in recovery, and the development of 
targeted therapies for reversing brain damage caused 

by substance abuse. Collaborative efforts between 
neuroscientists, psychologists, and clinicians can drive 
progress in this field [8,13,16,19].
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