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ABSTRACT

This study aimed to examine the relationship between substance use and memory disorders. This study also analyzed the biological
effects of drug use on the brain and investigated the mechanisms by which these effects lead to impairment of memory function.
Furthermore, the impact of various elements, including substance abuse, mental health conditions, hereditary susceptibility,
and chronological age, was assessed. Substance use negatively affects memory and learning processes by causing functional
impairments in critical regions such as the hippocampus and frontal lobe. Different substances cause specific damage to the
memory. This review highlights how substance use can lead to permanent neurocognitive impairment, with effects varying
according to substance type, duration of use, and individual factors. This underscores the importance of early intervention and
preventive strategies. Multidisciplinary approaches are important in the prevention and management of these effects.
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INTRODUCTION

Substance use and addiction are considered important
public health problems that create complex effects not only
at the individual level but also on a social and global scale.
Recent studies have emphasized the escalating global burden
of substance use disorders, necessitating updated reviews.
To understand this phenomenon and to develop effective
intervention methods, there is a need to comprehensively
address the prevalence, causes, and consequences of substance
abuse. This study aims to fill a gap in the literature by
synthesizing evidence on how substance use impairs memory,
a critical yet underexplored cognitive outcome, compared
to broader addiction research. Researchers have developed
various theoretical approaches to explain the effects of
substance use on individuals and the mechanisms underlying
these effects and have presented experimental findings that
support these approaches.

According to the 2023 World Drug Report published by the
United Nations Office on Drugs and Crime, approximately
296 million people aged 15-64 used drugs at least once in 2022,
an increase from 275 million in 2021, reflecting a growing
challenge." This rate is significantly higher among men than
women. In Turkey, 6.1% of men and only 0.3% of women use
drugs at some point in their lives.” When the relationship
between substance use and socioeconomic conditions is
analyzed, factors such as low-income level, unemployment,
and low education level increase the prevalence of this
problem. Social factors such as gender roles and cultural
norms also shape substance use tendencies. The causes and
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dynamics of substance use can be explained using various
theoretical frameworks. These frameworks consider substance
use a complex interaction of biological, psychological, and
social factors, encompassing a wide range of influences that
lead individuals to such behaviors.

The biopsychosocial model is a multifaceted approach that
explains substance use through the interaction of biological,
psychological, and social factors. Genetic predisposition,
neurobiological processes, personality traits, family structure,
environmental stress factors, and cultural norms were the
main components of this model. Research has emphasized
the role of genetic factors in the development of addiction.
Kreek et al.” suggested that genetic components of addiction
predisposition can explain approximately 30% of addictive
behaviors, which was updated by Wright et al.* The genetic
basis of substance use remains a key focus of addiction
research. The effects on the dopamine system are among
the neurobiological mechanisms underlying addiction. The
allostasis theory, developed by Koob and Le Moal,” argues
that addiction leads to continuous adaptation in the brain’s
reward system, making it a chronic condition.>® This theory
explains the long-term negative effects of substance addiction
on brain neuroplasticity. Psychological coping skills related
to stress and emotional regulation strategies are also critical
factors that affect susceptibility to addiction.

The examination of substance use within the framework
of the social learning theory reveals the importance of
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environmental influences and observational learning.
Bandura’s’ theory posits that individuals can learn substance
use by observing and modeling behaviors around them. Peer
influence and role models encourage substance use, especially
among the youth. Positive reinforcement mechanisms
motivate their continued use. Agnew’s® tension theory
suggests that efforts to cope with stress and social pressure
may trigger substance use. Socioeconomic problems, family
conflicts, and unemployment often drive individuals toward
alcohol or drugs.” Studies show that those experiencing
economic difficulties are more likely to turn to substances.
Subculture theory argues that certain social groups normalize
substance use, reinforcing a sense of belonging, particularly in
youth subcultures. Cohen’s’ subculture theory suggests these
groups strengthen individuals’ willingness to challenge social
norms. Psychodynamic theory links substances to early life
experiences and unresolved internal conflicts. Khantzian'
defined addiction as an attempt to alleviate psychological
pain, noting higher risks in individuals with childhood
trauma. These theoretical approaches to substance use
explain different aspects of the phenomenon and contribute
to a multidimensional understanding. However, each of these
theories focuses on only one specific aspect of substance use,
and does not fully reflect the complexity of the situation.
These frameworks collectively suggest a multifaceted etiology,
necessitating holistic interventions.

Substance abuse and addiction are complex problems that
reduce the quality of life of individuals, consume social
resources, and threaten public health globally. Among the
negative effects of this problem, memory impairment, which
also affects cognitive skills, is particularly important. These
impairments in memory processes indicate that substance use
can negatively affect individuals’ daily lives and functionality.
In this context, the causes of theoretical approaches to memory
disorders help us better understand this complex problem.

MEMORY DISORDERS

Memory disorders are among the most complex and
multidimensional cognitive problems. Theories explaining
these disorders have shed light on various aspects of memory
processes, offering perspectives from cognitive psychology,
neuroscience, and neuropsychology. The neuroplasticity
theory of memory disorders focuses on the brain’s capacity to
changeandadapt." Thistheorysuggeststhatmemorydisorders
arise from the weakening or loss of synaptic connections, a
mechanism critical in neurodegenerative diseases such as
Alzheimer’s and substance abuse." In Alzheimer's patients, the
loss of neurons in the hippocampus and other limbic system
structures and the decrease in synaptic connections cause
individuals to experience serious difficulties in the process of
forming and storing new memories.'” Studies show that beta-
amyloid plaque accumulation disrupts synaptic plasticity,
directly affecting short-term memory. This theory also applies
to memory deficits caused by traumatic brain injury, epilepsy,
and substance abuse. The processing speed theory explains
memory impairments related to aging and substance use."”A
decrease in information-processing speed with age negatively
affects working memory performance, causing difficulties in
encoding and recalling new information. Research indicates
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that older individuals process information more slowly
than younger ones, impacting memory, especially during
multitasking.”” For example, an elderly individual's difficulty
in remembering a recently learned phone number is due to
their inability to process information quickly enough, and
chronic alcohol users show a 20% reduction in processing
speed, leading to significant declines in short-term and
working." The decrease in white matter density with age
or substance-induced damage slows neural transmission
further. According to this theory, substance use, especially
long-term consumption of substances that damage the central
nervous system, leads to a significant decrease in the speed
of cognitive processes and this slowdown in processing speed
directly affects memory processes and creates difficulties
in encoding, storing and recalling new information.'>'
Substances like alcohol, cocaine, and cannabinoids damage
nerve cells or disrupt neurotransmitter balances, exacerbating
this slowdown."” Longitudinal studies of methamphetamine
users confirm reduced processing speed impacts episodic
memory."” These findings emphasize that the processing
speed theory provides a powerful model to explain substance
use-induced memory impairments and the importance of
focusing on processing speed in cognitive rehabilitation
processes of substance use.

The Activation-Monitoring Theory explains memory errors
and false memories. This posits that recalling information
activates related data, sometimes leading to false recall. This
is common in eyewitness cases, where details heard later
are misremembered as true. For example, a crime witness's
recollection of details that he/she did not see at the time
of the incident but heard later as a true memory can be
explained by this theory.'® Laboratory studies show that false
information can integrate into memory processes, facilitating
false memories.” Substance use increases source errors by
disrupting neurotransmitter activity in the prefrontal cortex
and hippocampus.”’ For example, experiments in individuals
under the influence of alcohol have shown that false
memories frequently increase because of weakened memory
monitoring mechanisms.”" Similarly, a study in individuals
using cannabis found that they were more likely to falsely link
memory sources under the influence of the substance.?” These
findings suggest that activation-monitoring theory states that
specific memory errors, such as false memories, may occur
more commonly as a result of substance use. Alcohol weakens
memory monitoring mechanisms, increasing false memories,
while cannabis use heightens the likelihood of misattributing
memory sources.”

The Fuzzy Trace Theory posits two memory systems: verbatim
traces for detailed recall and gist traces for general meaning.
Memory impairments often involve loss of verbatim traces,
making detailed recall difficult. This theory explains why
some individuals have difficulty remembering specific details
while remembering general information.”* For example, in
neurological examinations, it has been observed that patients
with dementia can recall the general outline of an event but
cannot provide clear information about its details. The loss
of specific traces makes it difficult to maintain the clarity
and detail of memories. Patients with dementia, for instance,
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recall events that are outline, but not specific. Substance
abuse, particularly alcohol and drugs, weakens verbatim
traces, leading to reliance on gist traces and inaccurate
recall.”” Multiple Trace Theory suggests episodic memories
are reconstructed over time through multiple neural traces
between the hippocampus and cortical areas. Substance
abuse disrupts these traces, weakening episodic memory and
making it less detailed over time.*

Theories explaining memory disorders provide an in-
depth understanding of the factors that influence
cognitive functioning, showing how both neurological
and environmental influences are reflected in memory
processes.””*® Each theory emphasizes different aspects of
memory mechanisms, and details the effects of substance
use on impairments in these mechanisms. In this context,
substance use appears to have multifaceted effects, ranging
from synaptic plasticity to the reconstruction of episodic
memories, from decreased processing speed to the formation
of false memories.” The explanations offered by these
theories provide an important basis for understanding the
multidimensional effects of substance use on memory.*’ In
which the complex effects of substance use on memory will
be elaborated, and reflections of this situation on cognitive
functions will be discussed.

METHODS

This review systematically analyzes the current scientific
literature on the relationship between substance use and
memory impairments. Studies were selected based on
predefined inclusion and exclusion criteria, and relevant data
sources were systematically searched using specific keywords.
The data for this study were obtained from major scientific
databases including PubMed, PsycINFO, Scopus, and Web
of Science. Peer-reviewed articles published between 2010
and 2024 were prioritized, with a focus on both empirical
research and meta-analysis. Case reports, letters to the
editor, and print articles were excluded. Studies were selected
based on specific inclusion criteria such as examining the
relationship between substance use and memory processes,
assessing memory functions through neuropsychological
measures, and including human participants in experimental
or observational designs. Exclusion criteria included studies
that relied solely on animal models, had small sample sizes or
significant methodological limitations, and did not specifically
assess memory-related outcomes in substance users.

A comprehensive literature search was conducted using
Boolean operators (AND, OR) to combine relevant keywords,
including "substance use" AND "memory impairment,” "drug
abuse" AND "cognitive decline,” "alcohol use" AND "working
memory,” ‘neurotoxicity” AND "memory function,” and
"cannabis" AND "episodic memory.” The search results were
filtered, and only studies that met the eligibility criteria were
included in the analysis.

The selected studies were analyzed using a content analysis
approach to compare the findings across different research
methodologies. The findings were categorized into key themes
suchastheneurobiological mechanismsunderlyingsubstance-
induced memory impairments, variations in memory deficits

based on substance type, and the impact of age on cognitive
decline related to substance use. This methodological
framework ensures a systematic and comprehensive approach
for understanding the multifaceted effects of substance use on
memory processes. This analysis provides insights into how
different substances affect memory functions and highlights
the importance of early intervention strategies.

MULTIDIMENSIONAL EFFECTS OF
SUBSTANCE USE ON MEMORY

The relationship between substance use and memory disorders
is complex and multifaceted. This relationship stems from
various factors, such as the direct effects of substance use
on the brain, chronic use leading to neurological changes,
and the effects of substance use disorder on the lifestyle of
individuals.” The mechanisms underlying this relationship
have been discussed in detail in the literature, and a better
understanding of these mechanisms is important for
developing strategies to solve this problem. Recent studies have
revealed important findings on this issue by examining the
different dimensions of substance use more comprehensively.

Substance use exerts multifaceted effects on memory through
direct neurotoxic effects and indirect lifestyle changes.
Chronic alcohol consumption, for example, has been
associated with a reduction of hippocampal volume by up
to 15%, leading to significant episodic memory deficits and
even neurological conditions such as Wernicke-Korsakoff
syndrome.”>* Cannabinoids have also been reported to
weaken learning processes by affecting glutamate release in
the brain.** The effects of substance use on neurotransmitter
systems further complicate memory processing and storage
processes.””> Volkow and Fowler® revealed that imbalances
in dopamine systems directly negatively affect cognitive
performance, especially by affecting motivation and reward
perception. Chronic substance use causes long-term changes
in structural and functional properties of the brain. Long-
term methamphetamine use has been shown to cause
neuronal death and decrease synaptic connections in regions
such as the frontal lobe, caudate nucleus, and hippocampus.*®
Such damage may permanently affect cognitive functions,
such as self-control, decision-making, and memory.
Pfefferbaum and Sullivan®” demonstrated that chronic alcohol
use causes severe disruptions in white matter structure and
a marked decrease in neurocognitive performance. Similarly,
neurological diseases such as Wernicke-Korsakoff syndrome
occur due to alcohol use and increase the severity of memory
impairments. In addition, cocaine use has been reported to
cause irreversible damage to the dopaminergic system of the
brain, leading to long-term problems in memory processes.*®

The effects of substance use disorder on lifestyle indirectly
negatively affected memory function. For example, substance
use leads to disruptions in sleep patterns and malnutrition.*
Lack of sleep negatively affects synaptic reorganization,
which is a critical process in memory consolidation, making
it difficult to learn and store new information.*’ In addition,
studies on malnutrition have shown that vitamin B deficiency
negatively affects neuronal health and memory function.* For
example, Falletti et al.” reported that vitamin deficiencies that
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occur during substance abuse lead to more serious memory
problems, especially in individuals who consume alcohol.

The effects of substance use depend on the type of substance
being used. While alcohol has more pronounced negative
effects on episodic memory, amphetamine and cocaine, which
are stimulantsubstances, affect working memoryand attention
processes.”’ Substances with strong neurotoxic effects, such as
methamphetamine, cause more rapid and permanent brain
damage than other substances.** In addition, the depressant
effects of opioids affect an individual's memory performance
in a more complex manner by impairing decision-making
and emotional processing. Ersche et al.*’ reported that long-
term cocaine use leads to a significant decrease in working
memory capacity. In this study, the effects of long-term
cocaine use on cognitive function were addressed, especially
changes in working memory capacity. This study was based
on comparisons between long-term cocaine users and
healthy controls. Participants were administered various
neuropsychological tests, and their working memory capacity,
attentional control, and executive function were assessed.
The results revealed that cocaine users experienced a marked
reduction in working memory capacity compared with the
control group. This reduction was associated with difficulties
in holding and manipulating information over short periods.
The researchers explained this by the fact that cocaine
disrupts the neurotransmitter balance in the prefrontal
cortex and negatively affects neural plasticity. Furthermore,
these cognitive impairments were observed to increase with
duration and intensity of use.

AGE EFFECT ON SUBSTANCE USE AND
MEMORY DISORDERS

The age at which substance use begins plays a crucial role
in determining the severity and longevity of memory and
cognitive impairments. The adolescent brain, which is still in
a critical phase of development, is particularly vulnerable to
the neurotoxic effects of substance use. During this period,
the brain undergoes significant structural and functional
changes, with key processes such as synaptic pruning,
myelination, and strengthening of neural circuits. These
developmental changes make the brain more susceptible to
the damaging effects of drugs and alcohol, potentially leading
to long-term deficits in cognitive function, including memory,
attention, and executive function.

Research has consistently shown that early substance use
during adolescence can cause irreversible damage to the
brain regions responsible for memory processing, such as the
hippocampus and prefrontal cortex. For instance, studies have
demonstrated that adolescent alcohol use leads to a reduction
in hippocampal volume, which is linked to difficulties in
episodic memory and learning.’> Furthermore, substance use
during adolescence disrupts the development of the prefrontal
cortex, a brain region involved in working memory, decision
making, and impulse control, thereby impairing cognitive
abilities that are critical for academic and social functioning.

One of the key factors contributing to adolescents’
vulnerability to substance-induced memory deficits is the
high degree of neuroplasticity during this stage of life. While
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neuroplasticity allows for learning and adaptation, it also
means that the brain is easily altered by external factors,
including substance use. The neurotoxic effects of substances
such as alcohol, marijuana, and stimulants can interfere with
the normal brain maturation process, potentially leading to
enduring cognitive deficits. For example, chronic cannabis
use during adolescence has been associated with long-term
impairments in working memory and executive function.”

The long-term impact of adolescent substance use on memory
is compounded by the fact that many individuals who begin
usingsubstancesatan earlyageareatahigherrisk of developing
substance use disorders later in life. The combination of early
exposure to substances and development of substance use
disorders significantly increases the likelihood of developing
cognitive deficits in adulthood. Studies have shown that
individuals who began using alcohol or other drugs in their
teenage years exhibit more pronounced cognitive decline in
adulthood compared to those who initiated use later in life.***”

In addition to the direct neurotoxic effects of substances on
the developing brain, lifestyle changes associated with early
substance use, such as poor nutrition, disrupted sleep patterns,
and increased risk of mental health issues further exacerbate
memory problems. The impact of poor nutrition, for example,
is particularly concerning during adolescence, which is
marked by rapid physical and cognitive growth. Deficiencies
in essential nutrients, such as vitamin B and omega-3 fatty
acids, can impair neuronal function and exacerbate memory
deficits in adolescents who use substances regularly.*

Recent studies have also highlighted the role of genetic factors
in shaping adolescents’ vulnerability to substance-induced
memory impairments. Genetic variations in genes involved
in neurotransmitter systems, such as COMT and BDNF,
may predispose some individuals to severe cognitive deficits
following substance use. Adolescents with these genetic
predispositions may experience a greater degree of neurotoxic
damage to brain structures involved in memory, making
them more susceptible to long-term cognitive impairments.*

Moreover, the effects of early substance use were not limited
to memory deficits. Adolescents who engage in substance use
are also at risk of developing other cognitive and emotional
challenges, including difficulties with attention, problem-
solving, and emotional regulation. When combined with the
social and academic pressures that adolescents face, these
cognitive impairments can have a lasting impact on their
overall well-being and development. As these individuals
transition into adulthood, the consequences of early substance
use can persist, potentially affecting their ability to succeed in
the workforce and to maintain healthy relationships.

GENETIC FACTORS ON SUBSTANCE USE
AND MEMORY DISORDERS

Genetic factors play a crucial role in mediating the
relationship between substance abuse and memory disorders.
While environmental influences, such as early exposure to
substances and lifestyle factors, undoubtedly contribute to
cognitive impairment, genetic predisposition can significantly
amplify or modulate the effects of substance use on brain
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function, particularly memory. Research into the genetic
underpinnings of substance use disorders (SUDs) and their
neurocognitive consequences has revealed important insights
into why certain individuals are more susceptible to substance-
induced memory deficits than others. One of the key areas
of focus in genetic studies of substance use and memory is
the role of neurotransmitter systems, particularly those
involving dopamine, glutamate, and serotonin. Variations in
the genes that regulate these systems can influence how the
brain responds to substances and, subsequently, how memory
processes are affected. For instance, the gene encoding
the catechol-COMT enzyme, which regulates dopamine
metabolism in the prefrontal cortex, has been linked to
individual differences in cognitive function. Studies have
shown that individuals with certain COMT polymorphisms,
specifically the Vall58Met variant, may experience
more severe cognitive impairments, including memory
dysfunction, when exposed to substances such as alcohol or
amphetamines.” This genetic variation may make the brain
more vulnerable to neurotoxic damage, thereby increasing
the risk of developing long-term memory deficits following
substance abuse. Another gene of significant interest is brain-
derived neurotrophic factor (BDNF), which plays a critical role
in synaptic plasticity, learning, and memory. BDNF facilitates
the growth, maintenance, and survival of neurons, and its
expression is strongly influenced by environmental factors,
including substance use. Genetic variants of the BDNF gene,
particularly the Val66Met polymorphism, have been shown
to impair hippocampal-dependent memory functions such
as spatial memory and long-term memory consolidation.
These genetic differences can make individuals with certain
BDNF variants more susceptible to cognitive impairments
associated with chronic substance use.** Furthermore, BDNF's
role of BDNF in neuroplasticity means that individuals with
impaired BDNF function may have a reduced ability to
recover from the neurotoxic effects of substances, leading to
persistent memory deficits even after abstinence. In addition
to the genes involved in neurotransmitter regulation,
recent research has also identified the role of genes related
to neuroinflammation in substance-induced memory
dysfunction. Substances such as alcohol, methamphetamine,
and cocaine increase neuroinflammation in the brain, which
can contribute to neuronal damage, particularly in regions
such as the hippocampus that are essential for memory
formation and consolidation. Variations in the genes that
control the brain’s immune response, such as those in the
interleukin (IL) and tumor necrosis factor (TNF) families,
can influence the degree of neuroinflammation that occurs
in response to substance use. Individuals with certain genetic
predispositions to higher levels of neuroinflammation may
experience more severe damage to brain structures involved
in memory, leading to more pronounced cognitive deficits."
The genetic susceptibility to memory disorders associated
with substance use is not only a matter of individual genetic
differences but also the interaction between genetic factors and
the timing of substance use. For instance, individuals with a
genetic predisposition to addiction and cognitive impairment
may be especially vulnerable to the neurotoxic effects of
substances when exposure occurs during critical periods of

brain development, such as adolescence. During this stage,
the brain still undergoes significant maturation, and the
impact of substances such as alcohol or marijuana may be
particularly damaging. In such cases, genetic vulnerabilities
can be exacerbated by the early initiation of substance use,
leading to long-term and often irreversible cognitive deficits,
including memory impairments.*’

The role of epigenetics in substance-induced memory
dysfunction is gaining increasing attention. Epigenetic
modifications, which involve changes in gene expression
without altering the underlying DNA sequence, can be
influenced by environmental factors such as substance
use. These modifications can have lasting effects on brain
functions, including memory. For example, research has
shown that chronic substance use can lead to changes in DNA
methylation patterns in brain regions involved in memory
processes, such as the hippocampus. These epigenetic changes
may not only affect the individual who is using substances but
could also be passed down to future generations, potentially
increasing the risk of memory impairments in offspring.*’

The interaction between genetic factors and psychiatric
conditions further complicates the relationship between
substance use and memory disorders.’”” Psychiatric
disorders, such as depression, anxiety, and schizophrenia,
are often comorbid with substance use disorders, and genetic
predispositions to these conditions may enhance vulnerability
to cognitive impairments. For example, genetic risk factors
for depression, such as polymorphisms in the serotonin
transporter (5-HTT) gene, have been linked to increased
susceptibility to cognitive deficits caused by substance use,
particularly memory and attention.’” Individuals with both
genetic vulnerabilities to psychiatric disorders and a history
of substance use may face compounded risks of memory
dysfunction, highlighting the need for integrated treatment
approaches.

THE RELATIONSHIP BETWEEN
PSYCHIATRIC DISORDERS, SUBSTANCE
USE, AND MEMORY

The intricate relationship between psychiatric disorders,
substance use, and memory dysfunction underscores the
complex interplay between genetic, neurobiological, and
environmental factors that significantly impact cognitive
functioning. Psychiatric disorders, such as depression, anxiety,
posttraumatic stress disorder (PTSD), and schizophrenia,
commonly co-occur with substance use disorders (SUDs),
which complicate the cognitive and emotional processes
associated with substance use, particularly memory. Research
has demonstrated that substance use not only exacerbates
psychiatric symptoms, but also negatively affects cognitive
domains, including memory, attention, and executive
functioning.

Memory deficits are frequently observed in individuals with
psychiatric disorders even in the absence of substance use.
For example, depression has been consistently linked to
cognitive impairment, particularly in the areas of working
and episodic memory. These deficits are thought to arise
from neurobiological changes in brain regions, such as the
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prefrontal cortex and hippocampus, which are essential for
memory processing. A meta-analysis by McDermott et al.”
revealed that individuals with major depressive disorder
(MDD) exhibit significant impairments in verbal and non-
verbal memory tasks. These impairments are believed to be
mediated by the disruption of hippocampal neurogenesis and
alterations in the serotonin and dopamine systems, which
play critical roles in memory formation and consolidation.
Furthermore, depressive symptoms, including low motivation
and anhedonia, may indirectly impair memory by reducing
engagement in cognitive activities and social interactions that
are essential for cognitive preservation. Anxiety disorders also
contribute to memory dysfunction, particularly by impairing
the working memory and attentional control. Chronic stress,
a hallmark of anxiety disorders, can increase levels of cortisol,
a hormone that negatively affects hippocampal function.
Elevated cortisol levels can disrupt the encoding and retrieval
of memories, particularly in tasks that require attention
and integration of new information. For instance, Zhang
et al.”* showed that individuals with generalized anxiety
disorder (GAD) had lower scores on working memory tasks
than healthy controls, with the degree of impairment being
directly related to the severity of anxiety symptoms. This
suggests that the persistent physiological and psychological
stress associated with anxiety disorders may hinder the brain's
ability to process and store new information.

Substance use, whether alcohol, illicit drugs, or prescription
medications, has well-documented neurotoxic effects on
memory, particularly episodic memory, working memory,
and attention. As previously discussed, substances such as
alcohol, methamphetamine, cocaine, and opioids can directly
impair brain structures involved in memory processing, such
as the hippocampus, prefrontal cortex, and the dopaminergic
and glutamatergic systems. For example, chronic alcohol
use is a major contributor to memory deficits, particularly
alcohol-induced cognitive impairment (AICI) and Wernicke-
Korsakoff syndrome (WKS). Alcohol-related brain damage
leads to a significant reduction in hippocampal volume and
disrupts synaptic plasticity, impairing both short-term and
long-term memory processes.” The neurotoxic effects of
alcohol are compounded by nutritional deficiencies, such as
thiamine deficiency, which is common in individuals with
alcohol use disorder (AUD) and further exacerbates memory
dysfunction. Studies have shown that individuals with WKS,
a severe form of alcohol-related cognitive impairment,
experience profound deficits in episodic memory such as
an inability to form new memories or recall recent events.
Similarly, stimulant substances, such as methamphetamine
and cocaine, can cause severe damage to the dopaminergic
and glutamatergic systems, resulting in working memory
deficits and impairments in executive function. For example,
long-term methamphetamine use has been shown to cause
neuronal death in the frontal cortex and hippocampus, which
are areas critical for attention, working memory, and decision-
making.’® Cocaine use also leads to substantial alterations in
dopamine transmission, which impairs memory consolidation
and retrieval. Research by Ersche et al.** revealed that long-
term cocaine use resulted in significant reductions in working
memory capacity, with users exhibiting difficulties in holding
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and manipulating information for short periods. These
impairments are thought to be the result of disrupted neural
circuits in the prefrontal cortex and other brain regions
involved in memory processing.

The presence of psychiatric disorders in individuals with
substance use disorders exacerbates memory dysfunction,
leading to a cycle of cognitive decline. Many individuals
with SUDs experience psychiatric comorbidities, including
depression, anxiety, and PTSD, which further compromise
their cognitive performance. This comorbidity is particularly
concerning because psychiatric disorders often lead to
changes in brain structure and function that overlap with the
effects of substance use, amplifying the severity of cognitive
impairments. For example, depression and alcohol use
disorder often co-occur, with each condition exacerbating
the other’s symptoms. Depression is associated with
reduced hippocampal volume and altered neurotransmitter
systems, while alcohol use disorders lead to shrinkage of
the hippocampus and disruptions in cognitive function.
This combined effect of depression and alcohol use leads to
more severe memory deficits than in individuals with alcohol
use disorder alone.”” The cognitive impairments in these
individuals are not limited to episodic memory but extend to
other domains, including attention and executive function,
which are crucial for day-to-day functioning. Anxiety
disorders when combined with substance use have similar
detrimental effects on memory. Chronic stress and elevated
cortisol levels seen in anxiety disorders can exacerbate the
neurotoxic effects of substances such as alcohol or cocaine,
leading to increased damage to the brain regions responsible
for memory. Furthermore, the emotional dysregulation seen
in individuals with both anxiety and substance use disorders
can impair cognitive flexibility and memory retrieval,
making it more difficult for individuals to process and retain
information.>> PTSD is another psychiatric condition that
significantly affects memory, particularly intrusive memories
and impaired memory consolidation. PTSD often co-occurs
with substance use disorders, especially alcohol and cannabis
use, because individuals may use substances as a form of self-
medication. However, substance use only exacerbates the
cognitive dysfunction observed in PTSD. Chronic alcohol
consumption in individuals with PTSD can worsen memory
problems, particularly those related to emotion regulation and
memory retrieval. The dual burden of PTSD and substance
use results in heightened vulnerability to severe memory
impairments, which can affect both short-term and long-term
memory processes.’®

CONCLUSION

This study examines the multidimensional effects of substance
use on memory within the framework of theoretical and
empirical evidence. Substance use has been identified as a
complex public health issue that adversely affects cognitive
function. Specifically, its effects on memory processes have
been explored through various mechanisms including
synaptic plasticity, information processing speed, memory
trace formation, and the emergence of false memories.
While existing theoretical frameworks contribute to the
understanding of the negative impact of substance use on
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memory, no single theory is sufficient to fully explain the
complexity of this phenomenon. Therefore, it is necessary to
develop holistic models that account for the interplay between
biological, psychological, and environmental factors in
substance use-related memory impairments.

This study had several limitations. First, the effects of
substance use on memory may vary among individuals and
are influenced by factors such as genetic predisposition,
environmental conditions, and type of substance used.
Moreover, the scarcity of longitudinal studies in the literature
makes it difficult to comprehensively understand the long-
term effects of substance use. The impact of substance use
initiated during adolescence on cognitive development
requires further investigation. Additionally, the roles of
neuroplasticity and epigenetic changes in substance use-
related memory impairment remain incompletely understood.

Future research should focus on several key topics. First,
further experimental studies are needed to compare the
specific effects of different types of substances on memory.
Second, longitudinal research should be conducted to examine
the progression and potential reversibility of the cognitive
impairments associated with substance use. Third, genetic
and neuroimaging studies should be emphasized to enhance
our understanding of how individual genetic predispositions
influence substance use-related memory disorders. Finally,
more research is needed on the effectiveness of intervention
and rehabilitation programs and how these programs
contribute to the improvement of memory functions in
individuals with substance use disorders.

The findings of this study have significant implications for
the development of prevention and intervention strategies for
substance use. It is essential to consider not only the physical
aspects of substance dependence but also the cognitive
and psychosocial consequences of treatment approaches.
Cognitive rehabilitation techniques and psychosocial support
programs designed to enhance memory function can play a
crucial role in improving cognitive performance in individuals
with substance disorders. In conclusion, a comprehensive and
interdisciplinary approach should be adopted to mitigate the
adverse effects of substance use on memory, and strategies
should be developed to preserve the cognitive function of
affected individuals.
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