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Objective: to investigate, through the literature, whether
alcohol consumption, especially among young people,
induces neurobiological alterations in cognitive brain areas;
whether the exposure pattern influences potential damage;
and whether abstinence reverses or minimizes these effects.
Methodology: the selection of the articles use occurred
through searches on research platforms with the assistance
of pre-established descriptors. Results: the analysis
of the studies revealed evidence that the consumption
of alcoholic beverages, especially excessive intake, causes
damage in brain regions associated with learning and
memory. Evidence was found that such consumption affects
individuals of all age groups, however, adolescents proved
more vulnerable. It was observed that abstinence may
prove essential for improving the harmful effects attributed
to alcohol use, especially neurocognitive ones. Conclusion:
considering all the impairments caused by this substance,
public initiatives aimed at discouraging its consumption is

of great importance.

Descriptors: Alcohol Abstinence; Adolescent; Learning;

Alcoholic Beverages; Memory.
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Efeitos neurobiolégicos do alcool e implicacoes nos
processos cognitivos: uma revisao de literatura

Objetivo: investigar, a partir da literatura, se o consumo do alcool, sobretudo por jovens, induz
alteracOes neurobioldgicas em areas encefalicas cognitivas; se o modo de exposigdo influencia os
possiveis danos; e se a abstinéncia reverte ou minimiza estes efeitos. Metodologia: a selecéo
dos artigos utilizados ocorreu por meio de buscas em plataformas de pesquisas com o auxilio de
descritores preestabelecidos. Resultados: a andlise dos estudos permitiu verificar evidéncias de
que o consumo de bebidas alcodlicas, sobretudo o excessivo, causa danos em areas encefalicas
relacionadas com aprendizagem e memoria. Foram observadas evidéncias de que esse consumo
afeta individuos de todas as faixas etarias, entretanto os adolescentes se mostraram mais
vulneraveis. Foi verificado que a abstinéncia pode ser fundamental para melhoria dos maleficios
atribuidos ao uso do alcool, principalmente os neurocognitivos. Conclusdo: considerando todos
0s prejuizos causados por essa droga, é importante a adogdo de iniciativas publicas que visem

coibir o seu consumo.

Descritores: Abstinéncia de Alcool; Adolescente; Aprendizagem; Bebidas Alcéolicas; Memodria.

Efectos neurobiologicos del alcohol e implicaciones en los
procesos cognitivos: una revision de la literatura

Objetivo: investigar, con base en la literatura, si el consumo de alcohol, especialmente entre
jovenes, induce cambios neurobioldgicos en areas cerebrales cognitivas; si el patron de exposicion
influye en los posibles dafios; y si la abstinencia revierte o minimiza estos efectos. Metodologia:
la seleccion de los articulos utilizados se realizd6 mediante busquedas en plataformas de
investigacion utilizando descriptores preestablecidos. Resultados: el andlisis de los estudios
permitid verificar evidencia de que el consumo de bebidas alcohdlicas, especialmente el consumo
excesivo, causa dafios en areas cerebrales relacionadas con el aprendizaje y la memoria.
Se observd evidencia de que este consumo afecta a individuos de todos los grupos de edad;
sin embargo, los adolescentes demostraron ser mas vulnerables. Se encontré que la abstinencia
puede ser fundamental para reparar el dafo atribuido al consumo de alcohol, especialmente el
dafio neurocognitivo. Conclusidén: considerando todos los dafios causados por esta sustancia,

es importante adoptar iniciativas publicas destinadas a frenar su consumo.

Descriptores: Abstinencia de Alcohol; Adolescente; Aprendizaje; Bebidas Alcohdlicas; Memoria.
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Introduction

Alcohol represents a chemical compound
include methanol

in the

whose main representatives

and ethanol, with the latter employed
production of alcoholic beverages. Alcohol, despite
its psychoactive properties, constitutes a legal drug
with broad social acceptance and ranks as the most
consumed substance worldwide™). However, excessive
consumption can trigger substance use disorders®
and cause damage across various systems and organs,
resulting in serious health problems®), including
neuropsychological impairments®. These damages
may prove irreversible®® and even lead to death. In
fact, alcohol accounts for 13.5% of deaths among
adults aged 20 to 39 years®.

The consumption of alcoholic beverages occurs
among people of diverse age groups. Young people,
whereas, are the ones who consume this type of
beverage the most. According to data released by the
National School Health Survey (Pesquisa Nacional de
Saude do Escolar, PeNSE)”), 30.4% of young people use
alcohol weekly. Such exposure occurs at increasingly
earlier ages; according to PeNSE findings®, 63.3% of
schoolchildren aged 13 to 17 years have already tried
alcoholic beverages. This behavior can be explained
by several factors, such as the ease of access to this
drug and the abundant advertisements that influence its
consumption®,

Early exposure, however, carries several negative
implications, given that younger people have developing
bodies and succumb more readily to the deleterious
effects of ethanol®. The brain, for example, in
adolescents, because it is still developing, is very
vulnerable and susceptible to damage caused by this
drugt9, In fact, studies indicate cognitive impairments
associated with alcohol consumption among the
university population, which stands out in this practice
both in the number of people and the quantity of
beverage ingested(t-14),

Alcohol exposure, in reality, affects the central
nervous system in a generalized manner, both
structurally and functionally®®. Even in small doses,
alcohol can exert a depressant effect on this system and
compromise brain functions such as reflexes, perception,
attention, and memory(¢18, These impairments may
relate to alterations in neurotransmitters® and damage
in brain areas such as the hippocampus, associated with
memory and learning formation*®-2Y), and the prefrontal

cortex®. The latter is responsible for executive

www.revistas.usp.br/smad

functions, which encompass planning, execution of
complex activities, and other processes that enable
people to organize and structure their environment?,
The prefrontal cortex also governs personality, memory,
logic, and reasoning@.

The morphofunctional alterations attributed
to ethanol exposure may account for the cognitive
and academic impairments reported by university
students-19), The type of alcohol exposure bears a
direct relation to the extent of impairments, with greater
exposure leading to more severe damage®b,

According to the criteria of the AUDIT (Alcohol Use
Disorders Identification Test), a screening instrument
developed by the World Health Organization (WHO),
and employed to classify alcohol consumption types®4,
consumption can be categorized into two zones:
Zone 1 and Zone 2. Zone 1 encompasses low-risk
consumption, defined as fewer than two doses daily
or fewer than five doses per occasion. Zone 2, by
contrast, corresponds to daily consumption exceeding
two doses or exposure to five or more doses of
alcohol per occasion®¥., The latter corresponds to
binge drinking (literal translation: heavy drinking),
a common practice among the university population,
observed in both genders and associated with risky
behaviors and academic impairmentstb,

Another population that exhibits substantial
susceptibility to the damage caused by alcohol use
consists of older adults®®. This vulnerability likely
stems from age-related biological changes that reduce
tolerance to this substance®@®,

From the foregoing, given the numerous negative
aspects involved in alcoholic beverage consumption
and the extent to which this practice prevails among
people of varied age groups, especially younger
ones during periods of biological, school, and social
development, along with the scarcity of studies
assessing these diverse aspects, this paper aimed to
investigate, through the literature, whether alcohol
consumption, particularly by young people, induces
neurobiological alterations in brain areas related to
cognitive processes; whether the exposure pattern
influences potential damage; and whether abstinence

reverses or mitigates these effects.

Methodology

Study design

This study constitutes a literature review. Review

articles rely on physical or electronic bibliographic
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sources to gather information from studies conducted by
other authors®?”. Such studies serve as the theoretical

foundation for a defined objective®”,
Period

This paper was conducted from March 2022 to
October 2023.

Data collection

Data were gathered from the following databases:
Medline (National Library of Medicine/PubMed) and
SciELO (Scientific Electronic Library Online). To achieve
the proposed objectives, the following descriptors were
utilized: “neuroscience, alcohol, learning and memory”,
“cognitive areas, alcohol and learning”, “alcohol,

”ow

hippocampus, learning and memory”, “student, alcohol

”mow

and academic performance”, “prefrontal cortex alcohol

”ow

learning and students” “prefrontal cortex, alcohol

learning and adolescents”, “alcohol and learning”,

“alcohol students and academic performance”, “academic

performance and alcohol” and “alcohol and memory”.
Selection criteria

Original articles were included whose research
involved animal models or humans under diverse
modes of alcohol exposure and across various age
groups. The included articles needed to indicate
whether learning and/or memory formation suffered
impairments and, preferably, to cite the brain areas
affected or unaffected by ethanol. No criteria were
established regarding the age of research participants.
In relation to the temporal scope, articles published
within the last 5 years (PubMed) and in the last 10
years (SciELO) were included. This paper excluded
literature review articles, ones published more than

5 years ago (PubMed) and more than 10 years ago

(SciELO). Likewise, studies conducted with other types
of drugs or those reporting non-cognitive impairments

were not considered.
Data processing and analysis

The articles were separated into two groups for
analysis: studies conducted in animals and studies
involving humans. The information extracted for
analysis of animal model studies included: article
identification - title, year of publication, and author(s);
sample size and type of alcohol consumption;
objective; brain area analyzed; methodology and
main conclusions. In studies with humans, the same
information was extracted, with the addition of the age
range of the participants.

Data were discussed based on congruent results

found in scientific literature.

Results

After conducting the searches on the indicated
platforms using the cited descriptors, a total of
635 articles were found. Of these, 492 were excluded
after title reading, 96 after abstract reading,
and 14 after full article reading, for failing to meet
the established criteria. Two articles initially seemed
to meet the inclusion criteria but were withdrawn:
one addressed an ethanolic extract derived from
the plant Erythrophleum ivorense, which differed
from the others, and the other described alcohol
contaminated with methanol. Thus, this study utilized
31 papers, 13 conducted in animal models (Figure 1)
and 18 involving humans (Figure 2). The selected
articles were summarized, including titles, authors,
year of publication, number of research participants,
objectives, methodologies, and main conclusions of

the authors.

Number of
animals/
Consumption

Title/Year/Author

Objective/Brain area analyzed

Methodology Main conclusions

Adolescent Ethanol Exposure
Alters Cholinergic Function

Assess the structural and
functional alterations in the
prefrontal cortex and the Nucleus

and Apical Dendritic 87/Binge basalis of Meynert caused
Branching Within the drinking by excessive and intermittent

Orbital Frontal Cortex/2021/ alcohol consumption during
Kipp BT, et al. adolescence/Prefrontal cortex

and hippocampus.

Pre-adolescent rats (25 days
postnatal) underwent 16
intragastric gavages of
20% ethanol intermittently.

Repeated exposure led to a
long-lasting persistent change
in the cholinergic profile of
the orbitofrontal cortex.

(continues on the next page...)
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Title/Year/Author

Number of
animals/
Consumption

Objective/Brain area analyzed

Methodology

Main conclusions

Adolescent Binge-Type
Ethanol Exposure in
Rats Mirrors Age-Related
Cognitive Decline by
Suppressing Cholinergic
Tone and Hippocampal
Neurogenesis/2021/Reitz NL,
Nunes PT, Savage LM

51/Binge
drinking

Assess whether septo-
hippocampal pathology and
deficits in spatial behaviors

become amplified with aging after
intermittent alcohol exposure
during adolescence/Hippocampus.

Animals received
intragastrically 20% alcohol
intermittently on alternate
days from postnatal day
25 to 55. After 2 or 12-14
months of treatment, animals
underwent spatial tests.

Reduced neurogenesis
was observed in animals
exposed to alcohol during

adolescence. Ethanol
exposure during adolescence
can mimic aging effects
and lead to greater septo-
hippocampal pathology.
Males were more affected.

Region-dependent
regulation of acute ethanol
on y oscillation in the rat
hippocampal slices/2020/
Liu Z, et al.

Not reported/
Not reported

Investigate the acute effects
of ethanol on y oscillations
in hippocampal sub-
regions/Hippocampus.

y oscillations were induced
by kainate. Once these
oscillations reached steady
state, ethanol was applied
to evaluate its effects on
hippocampal slices.

Ethanol has been shown
to differentially suppress
oscillations across
hippocampal regions in a
dose-dependent manner.
This suggests that ethanol-
induced modulation affects
memory and learning.

Region-specific interneuron
demyelination and heightened
anxiety-like behavior induced
by adolescent binge alcohol
treatment/2019/Rice J,
Jeffrey LC, Weiner L, Gu C

Not reported/
Binge drinking

Evaluate in male rats the
mechanisms underlying
neurological and mental
alterations caused by
excessive alcohol exposure
during adolescence/Prefrontal
cortex and hippocampus.

Animals received 25% alcohol
solution or saline solution
(control) intragastrically on

6 days intermittently.

A persistent reduction
in working memory was
observed, associated with
alterations in myelination
across different brain regions,
such as the hippocampus and
prefrontal cortex.

Intermittent-Excessive
and Chronic-Moderate
Ethanol Intake during
Adolescence Impair
Spatial Learning, Memory
and Cognitive Flexibility
in the Adulthood/2019/
Contreras A, et al.

Not reported/
Binge drinking
and chronic-
moderate
exposure

Compare in male rats the
effects on learning and
memory during adolescence
of binge drinking versus
chronic and moderate alcohol
consumption/Hippocampus.

Animals aged 25 weeks
were exposed to ethanol
for 24 days following a self-
administration protocol.

Both alcohol consumption
patterns during adolescence
impaired spatial learning,
memory, and cognitive
flexibility in adulthood in a
dose-dependent manner.

Study of the relationship
between how ethanol affects
learning and memory and
the expression of p21WAF1/
CIP1 in the female mouse
hippocampus/2019/Wu Y,
Xing Y, Zou D

40/Low,
moderate, and
high exposure

Evaluate in female mice the
effects of different ethanol
concentrations on learning and
memory and the corresponding
interaction with histone
deacetylase1, estrogen receptor a,
and p21WAF/CIP1*/Hippocampus.

Animals were divided into
4 groups: control, low dose,
moderate dose, and high
dose. The last three received
intragastric administrations
of alcohol at respective
concentrations of 2%, 10%,
and 50% for 10 days.

High concentrations induced
impairment in memory
and learning.

Activity-dependent Signaling

and Epigenetic Abnormalities

in Mice Exposed to Postnatal
Ethanol/2018/Subbanna S,
Joshi V, Basavarajappa BS

Not reported/
Not reported

Evaluate postnatal ethanol
exposure on signaling and
epigenetic changes and on
the expression of the activity-
regulated cytoskeleton-associated
protein/Hippocampus.

The Y-maze was employed
to assess spatial
memory in animals after
ethanol treatment.

Postnatal ethanol exposure
triggers neurobehavioral
deficits through signaling
cascade and epigenetic

mechanisms.

Alcohol Consumption
during Adolescence in a
Mouse Model of Binge
Drinking Alters the Intrinsic
Excitability and Function
of the Prefrontal Cortex
through a Reduction in the
Hyperpolarization-Activated
Cation Current/2018/
Saling MC, et al.

Not reported/
Binge drinking

Evaluate whether excessive
alcohol consumption during
adolescence alters the intrinsic
excitability of the PFC' and related
behaviors/Prefrontal cortex

Adolescent animals (30 to
60 days postnatal) in the
EtOH* group were exposed
to 15% alcohol (diluted from
95% ethanol) on alternate
days. Control group animals
received water daily.

Excessive alcohol
consumption during
adolescence alters the
alcohol consumption pattern
and induces working memory
deficits in adulthood.
Such consumption affects
prefrontal cortex functions by
disrupting normal pyramidal
neuron development.

Gene expression changes in
the ventral hippocampus and
medial prefrontal cortex of
adolescent alcohol-preferring
(P)§ rats following binge-
like alcohol drinking/2018/
McClintick JN, et al.

21/Excessive

Evaluate in adolescent male rats
the effects of excessive alcohol
consumption on gene expression
in brain regions/Hippocampus
and prefrontal cortex.

From 28 days of age, 11 male
rats received ad libitum||
access to food and water

and were exposed to ethanol

three times daily for 5 days
per week over 3 weeks.
The remainder formed the
control group.

Excessive alcohol
consumption can alter the
development of the studied
areas and lead to lasting
deficits in neuronal function
in these regions.

www.revistas.usp.br/smad
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Title/Year/Author

Number of
animals/
Consumption

Objective/Brain area analyzed

Methodology

Main conclusions

Binge Alcohol Exposure
Causes Neurobehavioral
Deficits and GSK3p"
Activation in the
Hippocampus of Adolescent
Rats/2018/Ji Z, Yuan L, Lu X,
Dind H, Luo J, Ke ZJ

70/Excessive
exposure

Determine whether excessive
alcohol exposure in adolescents
affects hippocampus-dependent
behaviors and the main signaling

proteins involved in alcohol
neurotoxicity/Hippocampus.

Adolescent rats were exposed
to an excessive alcohol diet
every 8 hours for 4 days.

Alcohol reduced
neurogenesis and increased
neurodegeneration in the
hippocampus. It impaired
spatial learning and memory.

Adolescent binge ethanol
exposure alters specific
forebrain cholinergic cell
populations and leads to

selective functional deficits
in the prefrontal cortex/2017/
Fernandez GM, Savage LM

23/Intermittent

Examine in adolescent males
the effects of excessive
and intermittent alcohol
consumption on spatial

memory, cognitive flexibility,
and their detrimental effects on
cholinergic cell phenotypes and
functionality/Hippocampus and
prefrontal cortex.

Adolescent rats (25 days
postnatal) underwent
16 intragastric gavages of
20% ethanol intermittently.
Rats were treated once
daily for two consecutive
days followed by a two-
day recovery period.

Early alcohol exposure
induces long-lasting
cholinergic alterations in the
prefrontal cortex associated
with cognitive flexibility
deficits in adulthood.

Comparative effects of EtOHT
consumption and thiamine
deficiency on cognitive
impairment, oxidative
damage, and B-amyloid
peptide** overproduction
in the brain/2017/

Gong YS, et al.

Not reported/
Chronic

Evaluate the effects of chronic
alcohol consumption with or
without thiamine deficiency

on cognitive impairment,
oxidative damage, and AB**

levels in the mouse brain/

Hippocampus and cortex.

Animals were divided into
four groups: control; alcohol
diet (28%); thiamine-
depleted liquid diet; and
alcohol associated with
thiamine-depleted liquid
diet. Pair-feds't groups were
also established. Animals
underwent the Y-maze test
to assess learning and
memory. Biochemical tests
were also performed.

Chronic alcohol consumption
can induce thiamine
deficiency, AB** accumulation,
oxidative stress, and
cognitive impairment.
This practice increases the
risk of developing dementia,
such as Alzheimer disease.

Adolescent Binge
Alcohol Exposure Affects
the Brain Function
Through Mitochondrial
Impairment/2017/
Tapia-Rojas, et al.

Not reported/
Binge drinking

Evaluate the effects of alcohol on
hippocampal memory, synaptic
plasticity, and mitochondrial
function in adolescent male rats/
Hippocampus.

Animals aged 25 days
postnatal received
25% alcohol solution
intraperitoneally for two
consecutive days with a
two-day interval between
applications for two weeks.

Alcohol consumption
during adolescence causes
impairments in adult
hippocampal functions,
including memory and
synaptic plasticity.

*p21WAFL/CIPL = Cyclin-dependent kinase inhibitor protein; 'PFC = Prefrontal Cortex; *EtOH = Ethanol, Et for the ethyl group and OH for the hydroxyl group;
SP = Alcohol preference; IAd libitum = Without restriction; 1GSK3B = Glycogen synthase kinase-3 beta; **AB = Beta-amyloid peptide; "'Pair-feds =
Food-matched control

Figure 1 - Description of the 13 studies conducted in animal models included in this review (organized by year
of publication)

Title/Year/Author

Number of
participants
and age range/
Consumption

Objective/Brain area analyzed

Methodology

Main conclusions

A Longitudinal Examination
of Alcohol-Related Blackouts
as a Predictor of Changes
in Learning, Memory,
and Executive Function
in Adolescents/2022/
Lorkiewicz AS, et al.

831
adolescents/
Not reported

Examine alcohol-related
blackouts as a predictor of
alterations in learning, memory,
and executive functions among
students/Not reported.

Data were collected from an
NCANDA* study conducted at
five U.S. sites.

Alcohol-induced blackouts
predict lasting changes
in learning and memory,
and the developing brain

proves vulnerable to these

during adolescence.

A longitudinal examination
of alcohol cessation and
academic outcomes
among a sample of
Canadian secondary school
students/2021/Gohari MR,
Zuckermann AME,
Leatherdale ST

37,223
adolescents/
Excessive and
binge drinking

Examine among students how
reduction or cessation of alcohol
consumption affects academic
performance/Not reported.

Data from 9th- to 12th-grade
students who participated
in the COMPASS'
study were utilized.

Reduction or cessation
of alcoholic beverage
consumption can improve
student performance.

(continues on the next page...)
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Title/Year/Author

Number of
participants
and age range/
Consumption

Objective/Brain area analyzed

Methodology

Main conclusions

Transition to Online Education

during the COVID-19*

Pandemic: Impact of Changes

in Alcohol Consumption and

Experiencing Hangovers on

Academic Functioning/2021/
Merlo A, et al.

250
adolescents/
Risky
consumption

Investigate among students
the relation between alcohol
consumption, hangovers,
and academic performance
during the COVID-19*
isolation period/Not reported.

Undergraduate and doctoral
students in pharmaceutical
sciences from a Dutch
university participated in
an online survey.

COVID-19* pandemic
isolation periods were
associated with reduced
alcohol consumption and
hangovers, which correlated
with improved academic
performance.

Consequences of

Investigate among students the
relation between alcohol use

Attention Problems, Learning
Strategies, and Hazardous
Drinking Behavior in a
College Student Sample:
A Pilot Study/2019/Bolden J

450 adults/Risky
consumption

Identify potential treatment targets
for alcohol abuse and inform
specific academic interventions
for students reporting hazardous
consumption profiles/Not reported

Participants completed a
demographic questionnaire.

Alcohol Use: Truancy as a 13,522 X X Students skipped classes
. L and its effects on academic Data were drawn from the
Mediator between Drinking adolescents/ o as a consequence of
. performance, considering MTF 20178 survey. .
and Achievement/2019/ Not reported i alcohol consumption.
absenteeism patterns/
Abrams AL
Not reported.
Associations Among

Alcoholic consumption was
associated with low academic
motivation and difficulty in
concentration/attention.

Hippocampal subfield
CA2+3|| exhibits accelerated
aging in Alcohol Use
Disorder: A preliminary
study/2019/Zahr NM,
Pohl KM, Saranathan M,
Sullivan EV, Pfefferbaum A

44 adults/
Not reported

Explore the sensitivity of
hippocampal subfields to
alcoholism/Hippocampus.

DSM-5Tclinical structured
interview, structured
questionnaires, a semi-
structured interview,
and neuropsychological tests
were employed to monitor
and quantify alcohol use.

The CA2+3l area proves
sensitive to alcoholism.

Executive Functions and
Parental History of Alcoholism
in Adolescents/2018/
Barreto MRA,

Acosta FJ, Arias MC

60 adolescents/
Not reported

Compare executive functions and
family history of alcoholism among
adolescent students with and
without personal history of alcohol
abuse/Not reported.

A descriptive-comparative
study was conducted using
psychological tests for
executive functions.

Adolescent alcohol users with

a family history of alcohol use

exhibited inferior performance
on executive functions.

Alcohol use disorder and
cognitive impairment
in old age patients:

A 6 months follow-up
study in an outpatient
unit in Barcelona/2018/
Ros-Cucurull E, et al.

31 older adults/
Not reported

Assess cognitive decline in older
adults with alcohol use disorder/
Not reported.

Older adults were
followed for 6 months.

A neuropsychological protocol
was applied at the beginning
and end of the study to
evaluate attention and other
cognitive domains.

Alcohol use can produce
deleterious effects in older
adults, particularly cognitive
ones across various domains
such as memory, attention,
and executive functions.

Earlier Alcohol Use Onset
Prospectively Predicts
Changes in Functional

Connectivity/2018/Nguyen-
Louie TT, Simmons AN,

Squeglia LM, Infante MA,
Schacht JP, Tapert SF

133
adolescents/
Not reported

Examine the effects of age
at first alcoholic beverage
consumption on visual working
memory/Frontoparietal cortex
and hippocampus.

Data derived from a
neuropsychology and
neuroimaging section in
adolescents before alcohol
consumption onset, followed
6 years later via parent
reports, neuropsychological
tests, and neuroimaging.

Early alcohol consumption
can adversely affect brain
formation; however, delaying
onset can reduce the risks
of damage from this drug
to the brain.

Binge drinking and academic
performance, engagement,
aspirations, and expectations:
a longitudinal analysis among
secondary school students in
the COMPASST study/2017/
Patte KA, Wei Q, Scot TL

27,112
adolescents/
Binge drinking

Examine among students how
initiation of excessive alcohol
consumption during adolescence
affects educational performance/
Not reported.

A questionnaire was
employed to collect
individual data on various
behavioral domains.

Students who initiate
excessive alcohol
consumption exhibited
low performance and
school engagement.

Alcohol Binge Drinking
and Executive Functioning
during Adolescent Brain
Development/2017/Gil-
Hernandez S, Mateos P,
Porras C, Garcia-Gomez R,
Navarro E, Garcia-Moreno LM

322
adolescents/
Binge drinking

Assess executive function
performance according to
alcohol consumption pattern/
Prefrontal cortex.

A questionnaire constructed
for this study was applied.
Participants were divided
into three groups by age.

Within each group, they were
organized into control and
Binge Drinking subgroups.

No structural impairments
were observed in
the prefrontal cortex.
Executive performance
revealed compensatory
mechanisms in younger
participants, who achieved
performance comparable to
the control group.

www.revistas.usp.br/smad

(continues on the next page...)




SMAD, Rev. Eletronica Satide Mental Alcool Drog. 2026;22:e-237956

(continuation...)

Title/Year/Author

Number of
participants
and age range/
Consumption

Objective/Brain area analyzed

Methodology

Main conclusions

Future so bright? Delay
discounting and consideration
of future consequences
predict academic
performance among college
drinkers/2017/Acuff SF,
Soltis KE, Dennhardt AA,
Borsari B, Martens MP,
Murphy JG

393 adults/
Binge drinking

Examine risk and protective
factors against consequences of
excessive alcohol consumption
among students/Not reported.

Participants responded to

a questionnaire on alcohol

consumption and reported

their high school ranking.
Performance information was

collected from universities.

Despite heavy drinking,
some students managed to
thrive academically.

Neurophysiological capacity
in a working memory task
differentiates dependent
from non dependent heavy
drinkers and controls/2017/
Wesley MJ, Lile JA,
Filmore MT, Porrino LJ

34 — age range
not reported/
Risky

Identify brain and behavioral
profiles that differentiate
dependent heavy drinkers from
non-dependent ones/Areas
in the frontal, parietal, and
temporal lobes.

Participant behavior and
brain activity were recorded
via functional magnetic
resonance imaging during a
working memory task.

Results suggest that alcohol
dependents have lower
capacity to meet increasing
working memory demands.

The association between
levels of alcohol consumption
and mental health problems
and academic performance
among young university
students/2017/Tembo C,
Burns S, Kalembo F

2,518
adolescents-
young adults/

Light, moderate,
hazardous

Investigate among students the
association between alcohol
consumption levels and mental
health problems and academic
performance/Not reported.

Demographic data, alcohol
consumption levels, mental
health, and academic
performance from the YAP**
survey were utilized.

A direct association was
observed between high
alcohol consumption and low
academic performance and
mental health impairment.

Working memory over a
six-year period in young
binge drinkers/2017/
Carbia C, Cadaveira F,
Lépez-Caneda E,
Caamafio-Isorna F,
Hologuin SR, Corral M

155
adolescents/
Binge drinking

Analyze the relation between the
trajectory of binge consumption
and working memory among
university students/Not reported.

Participants were selected
via questionnaire application.
Working memory was
assessed with the self-
ordered pointing task.

Excessive alcohol
consumption was associated
with working memory
deficits. Alcohol abstinence
led to partial recovery.

Pattern of alcoholic beverage
consumption and academic
performance among college

students/2013/Nemer
ASA, Fausto MA, Silva-
Fonseca VA, Ciomei MH,
Quintaes KD.

343 adults/
Binge drinking
and other risky
consumptions

Evaluate university student
behavior regarding alcohol
consumption patterns and
their academic consequences/
Not reported.

A questionnaire on alcohol
consumption patterns and
possible related behaviors,
particularly academic
performance, was applied.

Excessive alcohol
consumption can interfere
with academic performance.

Neurocognitive impairments
in alcohol dependence:
a case report/2007/
Vieira RMT,
Serafim AP, Saffi F

01 adult/
Not reported

Assess preservation and
impairment of neuropsychological
functions in a case of alcohol
dependence/Not reported.

Interviews and
neuropsychological
tests were conducted.

The individual exhibited
severe impairment in memory,
visuomotor functions,
and attention maintenance.

Estudo dos prejuizos
cognitivos na dependéncia
do &lcool/2002/Oliveira MS,

Laranjeira R, Jaeger A

152 adult
and older
adult males/
Not reported

Verify alterations in visual
perception region and immediate
memory among alcohol users/
Not reported.

The Rey Complex
Figures test was utilized
for neurocognitive
assessment and the
SADD' for dependence
severity evaluation.

During abstinence, even with
relapse, improvements
in cognitive functions
were observed.

*NCANDA = National Consortium on Alcohol and Neurodevelopment in Adolescence; "COMPASS = Cannabis, Obesity, Mental health, Physical activity, Alcohol
use, Smoking, and Sedentary behaviour; *COVID-19 = Coronavirus Disease that occurred in 2019, SMTF 2017 = Monitoring the Future, 2017. ICA2+3 =
Cornu Ammonis, combined subfields 2 and 3 of the hippocampus; 'DSM-5 = Diagnostic and Statistical Manual of Mental Disorders - 5th edition; **YAP =

Youth Alcohol Project; ""'SADD = Short Alcohol Dependence Data Questionnaire

Figure 2 - Description of the 18 studies conducted in humans included in this review (organized by year of publication)

Discussion

The animal model studies, as reported by the
authors, investigated the action of alcohol in specific
brain areas, all related to learning processes and memory
formation, such as the hippocampus and the prefrontal
cortex. These studies were classified in this paper into
6 groups according to the mode of alcohol exposure

employed in each one, namely: binge drinking(?%-32);

excessive exposure(®3-34); intermittent exposure®>;
chronic exposure®®; exposure to different alcohol doses:
low, moderate, and high®7-3®, A total of two studies did
not report the exposure mode utilized®°-49,

The binge drinking classification for animal
models (rats or mice) adopted in this paper follows
the conceptualization by the authors themselves,
who employed this type of alcohol exposure. Various

administration methods, concentrations, and exposure
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durations to the ethanol solution were observed under
this classification (Figure 1). These papers assessed the
effects of ethanol, particularly in brain areas involved in
cognitive functions, such as executive ones and memory
formation. These areas encompassed the prefrontal
cortex®®, the hippocampus®?32), or both(2831:33-36) and
the forebrain®>). Results showed that, regardless of the
alcohol exposure protocol adopted and the brain areas
evaluated, these proved affected by ethanol exposure.

Alterations proved both functional(3335-40) and
structural®436:3%9 in nature. The functions altered due
to alcohol use primarily involved learning and memory
formation. These alterations receive confirmation
from other papers(?8-293235, Reduced neurogenesis
and increased neurodegeneration in the hippocampus
were also observed®4, Other studies likewise indicate
structural alterations caused by alcohol in this area®>
36), However, it proved impossible to determine whether
these alterations would or would not prove reversible
through abstinence. These data align with other
previously published papers®®29. Modulatory effects
of alcohol on the hippocampus®® were also verified,
corroborating other authors“?. This effect proves dose-
dependent, such that greater ingested quantities lead to
more severe damage®“?.

The 18 human studies presented the effects
of ethanol across different age groups: adolescents
(10)“3-52)  adults (5)©3-57), older adults (1)%®, more
than one age group involved (1)%%, and age group
not reported (1)®9, The type of alcohol exposure went
unreported in 8 articles(43:46-48,5457-59)  The remainder
described diverse consumption forms, categorized in
this study into Zone 1 (1) and Zone 2 (10), following
the criteria of the Alcohol Use Disorders Identification
Test (AUDIT)@7.61),

In most (14) of these studies, the effects of alcohol
on brain functions were evaluated rather than on specific
central nervous system areas directly. Among the four
articles that evaluated brain areas, one analyzed the
effect of ethanol on the prefrontal cortex®®, another
on the hippocampus®%, the third on the frontoparietal
cortex®, and the last assessed this effect across various
brain areas located in the frontal, parietal, and temporal
lobes(®®, The results obtained indicated morphological
and functional impairments in the studied areas“8 5469,
Merely in one of the articles did the researchers find no
impairments in the evaluated areas®?.

The impairments caused by alcohol consumption
on learning and memory formation, regardless of age
group, were verified in 16 studies. However, in the
other two studies, either no relevant negative relations

emerged between alcoholic beverage exposure and

www.revistas.usp.br/smad

cognitive process impairment®®, or a certain impairment
appeared in older people®9,

In the study conducted among elderly people,
it was observed that ethanol exerted deleterious
effects on cognitive areas associated with memory and
attention®®®, which aligns with another paper conducted
in this age group®?,

In the studies conducted with adolescents where
the type of alcohol exposure went unreported“347)
(Figure 2), results showed impairment in executive and
cognitive functions such as memory and learning. This
finding demonstrates that the developing brain proves
vulnerable regardless of alcohol exposure degree(®-19),
which may stem from the various effects of this substance
on the brain, such as induction of neuroapoptotic actions
and alterations in cortical activity(©3.

In the papers conducted specifically with
students(43-47,49.51-56) (Figure 2), academic performance
proved affected. Generally, people skipped classes,
exhibited low motivation, and showed impairments
in concentration and academic activity performance.
Similar results appear in the literature(®3.64-6%),

Contrary to the findings described above, in another
paper the authors concluded that alcohol exerted no
negative interference on participant academic outcomes®.
The reason for the absence of observed impairments,
according to these authors, may relate to behavioral
strategies developed by students, such as studying before
drinking and drinking less on the night preceding exams>.
Various studies, however, contradict this result and describe
alcohol as a depressant of cognitive processes(*25-26) that
interferes, according to other articles analyzed in this
paper, with academic development(“9:51:56),

Cognitive deficits in older adolescents (19 to
22 years), but not in younger ones (13 to 18 years),
were also demonstrated®®. These authors verified no
structural impairments in brain areas. The reason for
the difference in these results may, according to the
researchers themselves, reside in compensatory brain
mechanisms observable in younger individuals. These
results contradict the literature, which indicates cognitive
impairments® in adolescents who consume alcoholic
beverages regardless of being younger or older. Another
study further reports that ethanol use induces more
rapid alterations in cerebral cortex maturation in younger
adolescents than in older ones(®®). These discrepancies
may stem from differences in study methods.

In the paper that followed an adult male undergoing
treatment for alcohol substance use disorder, severe
impairment in memory and learning was observed®?,
which aligns with other studies*®29, including some

analyzed in this review®+69,
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The effect of alcohol withdrawal was verified in
adolescents*+4552) and in adults and older adults®®.
In all studies, reducing or ceasing alcoholic beverage
consumption culminated in improvement of the observed
impairments, which aligns with other findings confirming
that alcohol abstinence and detoxification improve or
reduce cognitive deficits(®7-69,

From the foregoing, the scientific literature shows
that alcohol enjoys widespread consumption among
people of all age groups, especially adolescents and
adults, and that exposure to this substance causes
damage of various natures. Academic impairments
were observed, for example, among students who
used ethanol, many from basic education® and others
from higher education®. These damages proved both
behavioral®5" and cognitive*” in nature.

These impairments can be explained by the various
damages, described in the literature and reviewed in
the present paper, caused by alcohol in key brain areas
related to memory and learning. Effects verified both in
studies conducted in animal models34-3% and in follow-up
of people who used ethanol®“®54¢0), The concern proves
even greater with younger people, given that they

possess brains still in development®3.

Conclusion

The investigation conducted through the literature
revealed evidence that alcohol exposure, particularly
among younger people, causes impairments in brain
areas that play key cognitive roles, such as the prefrontal
cortex and the hippocampus, leading to declines in
processes such as learning and memory formation.

The most frequently reported pattern, especially
among young people, was excessive consumption, which
includes binge drinking, thereby establishing a direct
relation between the observed cognitive disorders and
excessive alcohol consumption. The dangers of early
consumption by adolescents and the impairments to
academic performance also became evident, insofar as
ethanol exposure prevents its consumers from fulfilling
their academic obligations adequately.

Evidence was synthesized showing that alcohol
abstinence managed to reverse or improve much of the
damage caused by this substance to cognitive functions.
Whether this recovery stems from neuroplasticity
processes and/or central nervous system detoxification
remains to be determined.

Few human papers, however, presented data
on the effects of alcohol in brain areas, since most
addressed cognitive or behavioral effects assessed via

neuropsychological tests or questionnaires. Thus, studies

employing imaging to evaluate brain areas in people who
use alcohol hold great importance and can contribute to
filling informational gaps regarding the effects of this
drug on human brain structure.

Given the foregoing, measures that inhibit alcohol
consumption prove highly important, justified by the
fact that exposure to this drug triggers functional and
structural alterations in the organism, many irreversible,
associated with biopsychosocial and economic
impairments. This concern should prove greater with
younger people, given their ongoing biological, academic,
and social development processes. Among these, the

impact of alcohol consumption appears even more severe.
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