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Abstract

Introduction: The increasingprevalenceof cannabis use, bothmedicinally andrecreationally, has necessitated a comprehensive
understanding of its long-term effects on the brain. While cannabis has shown potential therapeutic benefits, concerns remain
regarding its impact on cognitive functions, brain structure, and psychiatric health. This systematic review aimed to synthesize
current evidence from interventional studies and clinical trials to elucidate the long-term effects of cannabis on the brain,
focusing on the distinct roles of THC and CBD.

Methods: A rigorous search of PubMed, Scopus, Web of Science, and PsycINFO databases was conducted, targeting
interventional studies and clinical trials from the last 15 years up to 2022. Studies were included if they investigated the long-
term (>6 months) effects of cannabis on cognitive functions, brain structure, or psychiatric outcomes in humans. The review
focused on randomized controlled trials and controlled before-and-after studies, excluding observational and animal studies.

Data extraction focused on participant demographics, cannabis intervention details (dosage, duration, type), and brain-related
outcomes.

Results: Ten studies met the inclusion criteria, revealing a risk ratio (RR) of 1.3 for cognitive decline associated with THC-
dominant cannabis use, a 0.12 cm?3 reduction in hippocampal volume, and a 1.5 RR for increased psychosis risk. Conversely,
CBD-enriched interventions showed no significant decline in cognitive performance and suggested a protective effect against
psychiatric disorders. These findings highlight the differential impact of THC and CBD on the brain, with THC posing risks to
cognitive and psychiatric health, while CBD shows potential protective effects.

Conclusions: The systematic review underscores the complexity of cannabis's effects on the brain, with THC-dominant
cannabis associated with adverse cognitive and psychiatric outcomes, while CBD offers potential therapeutic benefits. These
results supportthe need for cautious consideration of cannabis constituents in clinical practice and further researchinto the long-
term impacts of cannabis use.
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Introduction

The exploration of cannabis and its long-term effects
on the brain has garnered significant attention in the
medical community, given the increasing prevalence
of its use both medicinally and recreationally across
the globe. Studies have demonstrateda varied range of
outcomes, with evidence suggesting alterations in
cognitive  functions, brain  structure, and
neurotransmitter activity among regular users [1]. For
instance, a meta-analysis revealed that long-term
cannabis use is associated with small to moderate
declines in cognitive performance, particularly in
memory and attention, with one study noting a
decrease in memory recall accuracy by up to 10%
among daily users compared to infrequent or non-
users [2]. Additionally, neuroimaging studies have
shown consistent changes in the brain's architecture,
particularly in areas responsible for memory,
attention, and decision-making, with a reported
volume reduction of the hippocampus by
approximately 12% in chronic cannabis users [3].

The impact of cannabis on mental health further
complicates its long-term neurological implications.
Researchhas established a correlation between regular
cannabis consumption and an increased risk of
psychiatric disorders, including schizophrenia and
depression, with cannabis users showinga 40% higher
risk of developing schizophrenia than non-users [4].
Depression rates among heavy cannabis users are also
significantly higher, with studies indicating a 20%
increase in depression incidence compared to non-
users[5]. These psychiatric manifestations are thought
to be linkedto alterationsin the brain's serotonin and
dopamine systems, which are critical for mood
regulation and risk processing [6]. Contrastingly,
some studies argue for the therapeutic potential of
cannabis, particularly in neurological disorderssuchas
epilepsy and multiple sclerosis, where patient-reported
symptom relief ranges from 30% to 50% [7]. This
highlights the complexity of cannabis's effects on the
brain, necessitating a nuanced understanding of its
benefits and risks. However, the neuroprotective
properties of cannabinoids are still under
investigation, with some preclinical studies suggesting
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a potential for reducing neuroinflammation and
promoting neurogenesis, though these findings have
yet to be robustly replicated in human studies [8].
The legal status of cannabis has evolved dramatically
over the past decade, with numerous countries and
states legalizing its medical and recreational use. This
shift has led to a significant increase in consumption
rates, with reports indicating that cannabis use among
adults has risen by over 30% in regions following
legalization [9]. Such trends underscore the urgent
need for comprehensive research into the long-term
effects of cannabis on the brain, as public health
policies must be informed by solid evidence of its
impact. Given the growing body of research and the
consequential public health implications, this
systematic review was aimed at synthesizing the
currentevidence on the long-term effects of cannabis
on the brain. Our aim was to evaluate the breadth of
outcomes associated with prolonged exposure to
cannabis and its constituents, focusing on cognitive,
structural, and psychiatric dimensions. By providing a
comprehensive overview of the available literature, we
sought to elucidate the complex relationship between
long-term cannabis use and brain health, thus
contributing to a more informed public health and
policy discourse [10].

Methods

The methodological framework of this systematic
review was meticulously designed to capture the long-
term effects of cannabis on the brain, focusing
exclusively on interventional studies published in the
last 15 years, up to 2022. The search strategy was
developed to include acomprehensive list of keywords
and medical subject headings (MeSH) terms related to
cannabis (e.g., "cannabis, "marijuana," "THC,"
"cannabinoids™) and brain effects (e.g., "neurological
effects,” "cognitive function,” "brain structure,”
"psychiatric outcomes™). This strategy was tailored to
ensure a broad capture of relevant studies while
maintaining specificity to the objectives of the review.
The databases searched included PubMed, Scopus,
Web of Science,and PsycINFO. These databases were
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chosen for their extensive coverage of medical and
psychological literature, thus maximizing the
likelihood of identifying relevant studies. The search
was conducted without language restrictions to
minimize publication bias and ensure the inclusion of
a wide range of research. However, studies were later
screened for English language due to the practicality
of analysis and review process. The inclusion criteria
were strictly defined to select studies that directly
investigated the long-term effects of cannabis use on
the brain, with a clear definition of "long-term" being
usage for a period of six months or more. Only
interventional studies, such as randomized controlled
trials (RCTs) and controlled before-and-after studies,
were considered to ensure the review focused on
evidence with a higher level of causality. Studies were
required to reporton specific brain-related outcomes,
including cognitive functions, brain structure changes,
or psychiatric effects. Participants of any age and
demographic were included, provided the study met
the other inclusion criteria.

Exclusion criteriawere applied to omit studies that did
not meet the rigor of the inclusion criteria. Cross-
sectional, observational, case reports, and case series
studies were excluded to narrow the focus to
interventional research. Additionally, studies that
focused on acute effects of cannabis or were conducted
on animal models were omitted. Studies that did not
provide clear outcomes related to the brain or were
published outside the specified time frame were also
excluded. The study selection process followed a
systematic and hierarchical approach. Initially, two
reviewers independently screened the titles and
abstracts of the retrieved records for eligibility based
on the predefined inclusion and exclusion criteria.
Discrepancies between reviewers were resolved
through discussion or consultation with a third
reviewer when necessary. Subsequently, the full texts
of potentially relevant studies were obtained and
independently assessed for eligibility by the same
reviewers. The reference lists of included studies were
also scanned to identify any additional studies that
may have beenmissed in the initial search. Finally, a
comprehensive data extraction form was used to
collect relevant data from the included studies. This
form was designed to capture information on study
design, participant demographics, details of the
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cannabis intervention (including dosage, duration, and
frequency of use), outcome measuresrelated to brain
effects, and key findings. The data extraction process
was conducted independently by two reviewers to
ensure accuracy and consistency, with discrepancies
resolved through discussion or third-party
adjudication. This methodological rigor ensured that
the systematic review was both comprehensive and
focused, providing a robust synthesis of the available
evidence on the long-term effects of cannabis on the
brain.

Results and discussion

The resultssection of this systematic review presents
findings from ten interventional studies and clinical
trials, meticulously selected to evaluate the long-term
effects of cannabis on the brain. These studies,
published between 2007 and 2022, encompass a
variety of designs, including randomized controlled
trials (RCTs) and longitudinal cohort studies with
interventional components, providing a broad
perspective on the subject matter. The sample sizes
across these studies ranged from as small as 30
participants to as large as 500, reflecting a wide array
of population demographics and cannabis use patterns.
The interventions varied significantly in terms of
dosage, frequency, and type of cannabis used (e.g.,
THC-dominant, CBD-dominant, or a combination),
with treatment durations extending from six months to
over a year. This diversity in study designs and
interventions allowed for a comprehensive analysis of
cannabis's long-term effects on different brain
functions and structures.

Among the included studies, several reported on
cognitive outcomes, with one study demonstrating a
significant decline in memory and attention in
participants using THC-dominant cannabis daily,
compared to those using less frequently or not at all
(risk ratio [RR] = 1.3, 95% confidence interval [CI] =
1.1-1.5). Another study focusing on CBD-dominant
interventions found no significant decline in cognitive
performance, suggesting a potential protective effect
of CBD (RR = 0.9, 95% CI = 0.7-1.2). In terms of
brain structure, one RCT highlighted a reduction in
hippocampal volume over 12 months in chronic
cannabis users compared to non-users, with a reported
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volume change of -0.12 cm3 (95% ClI = -0.2 to -0.04).
Conversely, a study investigating the effects of
controlled CBD use showed no significant
hippocampal volume loss, further supporting the
notion that CBD may mitigate some of the adverse
effects associated with THC (volume change = -0.03
cmd, 95% CI = -0.1 to 0.04). Psychiatric outcomes
were also a focal point, with one longitudinal study
reporting an increased risk of psychosis in individuals
with high THC exposure(RR=1.5,95%Cl=1.2-1.9).
This contrasts with findings from a trial on CBD-
enriched interventions, where participants reported
lower anxiety levels and reduced risk of developing
psychosis (RR=0.6,95% CI=0.4-0.9). The diversity
in outcomes across these studies highlights the
complexity of cannabis's effects on the brain. While
THC-dominant cannabis use is consistently associated
with negative cognitive, structural, and psychiatric
outcomes, CBD-dominant interventions appear to
offer some protective effects. These findings
underscore the importance of considering the specific
components of cannabis whenevaluatingits long-term
impact on brain health. When comparing these
findings to similar interventions reported in the
broader medical literature, several important
considerations emerge. The risk ratio for cognitive
decline associated with THC-dominant cannabis use
(RR = 1.3) is notably higher than that observed in
interventions involving non-cannabis substances
aimed at managing chronic pain or epilepsy, where
cognitivedecline was either not significantly impacted
or impacted to a lesser extent [21].

For example, a study on long-term opioid use for
chronic pain reported a lower risk difference for
cognitive decline, emphasizing the specific cognitive
risk associated with cannabis use [22]. Similarly, the
reduction in hippocampal volume associated with
chronic THC use (-0.12 cmd) contrasts with studies on
alcohol and its neuroanatomical impacts. While both
substances are linked to brain volume changes, the
magnitude and areas of the brain affected can differ
significantly. For instance, alcohol use has been
associated with broader cerebral atrophy rather than
targeted hippocampal volume reduction, suggesting a
substance-specific pattern of brain changes [23]. The
risk of psychosis (RR = 1.5) in high THC exposure
cases fromourreview is consistent with findings from
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other studies on substance-induced psychosis, such as
those related to amphetamines [24]. However, the
degree of risk associated with cannabis suggests a
unique interplay between THC and brain chemistry
that may predispose individualsto psychosis at lower
levels of use compared to other substances.
Conversely, CBD-enriched interventions showed a
protective effect against cognitive decline and
psychiatric symptoms, which aligns with emerging
research on CBD as a potential therapeutic agent for
psychiatric disorders [25]. Studies on CBD's use in
treatinganxietyandpsychosishavereported risk ratios
that mirror those found in our review, highlighting
CBD's potential as a neuropsychiatric treatment [26].
The comparisonof THC and CBD effects within our
review also underscores the complexity of cannabis as
a substance with dualistic potential outcomes
depending on its constituents. This distinction is
crucial when considering cannabis for medical
purposes, as the literature increasingly supports the
therapeutic benefits of CBD, while cautioning against
the risks associated with THC [27]. Furthermore, the
variability in risk ratios and volume changes observed
across studies emphasizes the importance of
personalized medicine in prescribing cannabis-based
treatments. What works for one individual's
neurological condition might pose risks for another,
highlighting the need for tailored approaches based on
individual risk profiles and desired outcomes [28].

The strengths of this systematic review lie in its
comprehensive andfocusedapproach to evaluating the
long-term effects of cannabis on the brain through
interventional studies and clinical trials. By
exclusively including studies with a high level of
evidence, such as randomized controlled trials, the
review minimizes bias and provides a robust
assessment of cannabis's impact on cognitive
functions, brain structure, and psychiatric health.
Additionally, the inclusion of studies examining both
THC and CBD effects allows for a nuanced
understanding of cannabis's dualistic potential,
highlighting the complexity of its impact on brain
health. This comprehensive analysis is particularly
beneficial for clinical practice, offering insights that
can inform the development of guidelines for the
medicinal use of cannabis, particularly in
distinguishing between the roles of THC and CBD in



ACAM, 2022, volume 9, issue 4

treatment. However, the review is not without
limitations. The variability in study designs, cannabis
dosage, and treatment duration across the included
studies introduces challenges in directly comparing
outcomes and drawing generalized conclusions.
Moreover, the exclusion of non-English language
studies and observational studies may omit relevant
findings and perspectives, potentially introducing a
degree of publication bias. These limitations highlight
the need for further research, particularly studies with
standardized methodologies and long-term follow-up,
to fully understand the implications of cannabis use on
the brain.

Conclusions

This systematic review found that THC-dominant
cannabis use is associated with a risk ratio of 1.3 for
cognitive decline and a 0.12 cm3 reduction in
hippocampal volume, alongside a 1.5 risk ratio for
psychosis. Conversely, CBD-enriched interventions
showed potential protective effects against these
adverse outcomes. These findings underscore the
importance of distinguishing between the effects of
THC and CBD in clinical practice and the need for
caution in the use of THC-dominant cannabis. Future
research should continue to explore the therapeutic
potential of CBD and the long-term impacts of
cannabis use on the brain.
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Table (1): Summary of

Sample Population Type of Effectiveness of .
Study 1D Size Characteristics intervention the intervention Study conclusion
Adults with chronic THC-dominant cannabis linked to
[11] 45 ain THC-dominant | RR 1.3 (Cl 1.1-1.5) cognitive decline in adults with
P chronic pain.
No significant CBD-dominant cannabis shows no
[13] 100 Young adults CBD-dominant degcline significant cognitive decline in young
adults.
. . THC/CBD Combined TH.C/(.ZBD treatm-ent
[15] 250 Adults with epilepsy combined RR 0.9 (C10.7-1.2) shows potential in adults with
epilepsy.
[17] 30 Adolescents THC-dominant | RR 1.5 (CI 1.2-1.9) THC-doml_nar?t cz?mnabls INCreases
psychosis risk in adolescents.
Elderly patients with . Nc_) significant CBD-dominant cannabis does not
[19] 150 . . CBD-dominant hippocampal . .
chronic pain affect hippocampal volume in elderly.
volume loss
[21] 500 General a}dult THC/(_?BD RR 1.2 (C11.0-1.4) THC/CBD_ _com_blneq cannabis shows
population combined mild cognitive risks in general adults.
[23] 75 Patients with multiple CBD-dominant Reduced CBD-dominant cannabis reduces

sclerosis

neuroinflammation

neuroinflammation in MS patients.

2480




ACAM, 2022, volume 9, issue 4

Sample

Population Type of Effectiveness of .
N7 Size Characteristics intervention the intervention S (i Al
Adults with anxiet Lower anxiety CBD-dominant cannabis reduces
[25] 200 . y CBD-dominant | levels, RR 0.6 (Cl | anxiety levels in adults with anxiety
disorders .
0.4-0.9) disorders.
Youna adults at risk Increased risk of THC-dominant cannabis linked to
[27] 320 fo? svchosis THC-dominant | psychosis, RR 1.5 increased psychosis risk in young
psy (C11.2-1.8) adults.
Adult psychiatric THC/CBD Imprc.)vegl . THC/CBD cor.nbl.ned cannabls.
[29] 400 . . psychiatric improves psychiatric symptoms in
patients combined .
symptoms adult patients.

2481




ACAM, 2022, volume 9, issue 4

EmergingfSourcesiGitationlindexi(ESE)R
|
(3 Clarivate
LY
WEB OF SCIENCE™ %% .
THOMSON
REUTERS

2482



