% Praxis Psy

Praxis Psy

Invierno 2025, N943,

141 - 169.

ISSN 2735-695
10.32995/praxispsy.v27i43.319

Neurobiological changes associated with reduced
neurocognitive performance: A systematic review on
post-COVID sequelae in adults

Cambios neurobioldgicos se asocian a desempeiios
neurocognitivos reducidos: una revision sistematica sobre
secuelas post-COVID en adultos

Gabriel M. Sepulveda’, Camilo Arévalo-Romero?, Josefina Mattoli-Sanchez?,
Daniel Rojas-Libano*

Correspondencia:
Daniel Rojas-Libano
daniel.rojasli@mail.udp.cl

RECIBIDO: MAYO 2025 | PUBLICADO: AGOSTO 2025

Abstract

Background: Recent estimates suggest that at least 65 million
individuals worldwide have experienced post-COVID sequelae,
with neurocognitive impairments among the most prevalent. Aim:
To synthesize results about neurobiological findings associated
with neurocognitive difficulties in post-COVID adult patients, as
reported in the scientific literature. Methods: A systematic review
was conducted according to PRISMA guidelines using Web of Science,
PubMed, and Scopus databases. Twenty-six scientific articles
meeting the inclusion criteria were analyzed. Vote counting based on
statistical significance was employed as a synthesis method. Results:
In most of the included articles with significant results [87.5%; n =14]
alterations of at least one neurocognitive domain in post-COVID
patients are described. In 15 of 16 studies describing significant
associations, neuropathological changes are confirmed among
patients. Most [94%] studies reporting associations found a statistical
significance between diminished neurocognitive performances and
neurobiology. Particularly notable is the association between lower
performance in global cognition and neuropathological findings in
brain anatomy (e.g. atrophy, tissue damage, ischemia). Conclusions:
The analysis presented in this review offers relevant background to
inform policy decisions regarding the neurocognitive sequelae of
COVID-19 and supports clinical decision-making for professionals
caring for patients with this profile.

Keywords: Post-COVID sequelae; neurocognitive domains;
neuropsychological performance; neuropathological findings,
Coronavirus.
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Resumen

Contexto: Estimaciones recientes sugieren que al menos 65
millones de personas en todo el mundo han padecido secuelas
post-COVID y las afectaciones neurocognitivas se encuentran entre
las mas prevalentes. Proposito: Sintetizar los resultados acerca de
hallazgos neurobiologicos asociados a dificultades neurocognitivas
en pacientes adultos post-COVID, segiin lo reportado por la literatura
cientifica. Métodos: Una revision sistematica se desarrollé de
acuerdo a las orientaciones PRISMA, empleando las bases de datos
Web of Science, Pubmed y Scopus. Veintiséis articulos cientificos
que cumplieron con los criterios de inclusion fueron analizados.
Un conteo de votos basado en la significancia estadistica se uso
como método de sintesis. Resultados: En la mayoria de los articulos
incluidos [87.5%; n =14] se describieron alteraciones en al menos
un dominio neurocognitivo en pacientes post-COVID. En 15 de 16
estudios que describen asociaciones significativas, se confirmaron
cambios neuropatologicos en los pacientes. La mayoria [94%] de
los estudios que reportan asociaciones, encontraron una relacion
estadisticamente significativa entre desempenos neurocognitivos
disminuidos y cambios neurobiologicos. Particularmente destacada
es la asociacion entre desemperios disminuidos en la cognicion
global y hallazgos neuropatologicos en la anatomia cerebral (p.e.
atrofia, dafo tisular, isquemia). Conclusiones: El analisis presentado
en esta revision ofrece antecedentes relevantes tanto para informar
a las politicas a cargo de abordar las secuelas neurocognitivas del
COVID-19 como a la toma de decisiones clinica de profesionales al
cuidado de pacientes con este perfil.

Palabras clave: Secuelas post-COVID; dominios neurocognitivos;

rendimiento neuropsicologico; hallazgos neuropatologicos;
Coronavirus.
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1. INTRODUCTION

As of July 2025, 778 million people have become
infected with Coronavirus Disease 2019 (COVID-19), and
more than 7 million deaths have occurred due to the
disease (World Health Organization, 2025). According to
some estimates, a minimum of 65 million individuals
worldwide have been affected by post-COVID sequelae,
with more than 200 symptoms identified, impacting
virtually every organ system (Davis et al., 2023).

In the present work, post-COVID sequelae will be
understood as all symptom presentations occurring
due to and after the acute phase of COVID-19 infection.
There is some degree of consensus about the acute
phase of COVID-19 encompassing the first four weeks
following infection (Nalbandian et al., 2021; NICE,
2020). Post-COVID sequelae will thus be considered
as symptoms occurring after this period, with an
indefinite duration and potentially chronic course in
some cases. These sequelae consist of persistent post-
infection multisystem conditions, commonly including
symptoms such as fatigue, breathlessness, and cognitive
impairment (The Lancet, 2023).

In an umbrella review, Nittas and coworkers (2022)
estimated that the prevalence of post-COVID syndromes
among infected adults ranges from 26% to 41%.

The incidence of post-COVID sequelae remains a
significant concern, as different variants and severity
levels of Coronavirus disease have been shown to
cause significant sequelae. A systematic review and
meta-analysis conducted by Du and his colleagues
(2022) suggested no significant difference among post-
COVID syndromes caused by different viral variants.
Furthermore, an intriguing aspect of post-COVID
sequelae is that, although they are typically observed
in patients who experienced severe acute phases, they
also manifest in individuals who had mild or even
asymptomatic acute phases (Damiano et al., 2022;
Hadad et al., 2022; Lai et al., 2023; Malkova et al., 2021).

Different studies have indicated that neurocognitive
functions are among the most commonly and
significantly affected by post-COVID sequelae (Birberg
et al., 2022; Monje & Iwasaki, 2022). Unlike cognitive
functions, which pertain solely to mental processes for
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acquiring knowledge, we will focus on neurocognitive
capacities. These capacities, while cognitive, are
associated with the structures and functions of the
brain, whose performances are observed through
neuropsychological assessments. Neurocognitive
assessment tools enable the estimation of behavioral
performances reflecting brain function or dysfunction
(Lezak et al., 2012).

A systematic review and meta-analysis by Pinzon
and colleagues (2022) determined that the overall
prevalence of neurocognitive disorder was 35.4% among
post-COVID patients. A study of more than 1.3 million
participants who had COVID-19, showed an increased
incidence of cognitive impairment, seizures, dementia,
and other neurocognitive conditions that persisted
for at least 2 years (Taquet et al., 2022). Among the
most common neurocognitive symptoms in post-COVID
syndromes, fatigue (in 58% of patients with long COVID),
attentional deficits (27%), and memory loss (16%) have
been reported (Lopez-Ledn et al., 2021).

Thus, neurocognitive symptoms may appear during
the acute phase, in the following period, and can
persist for an extended period, exhibit fluctuations,
or experience relapses over time (Bispo et al., 2022).
More specifically, these symptoms can last for years, and
some of them are suspected to be lifelong (Davis et al.,
2023). It has been estimated that 16% of patients exhibit
neurocognitive deficits two months post-infection, with
the incidence rising to 26% one year later (L. A. Cysique
et al., 2022). Furthermore, decreased performance on
neurocognitive assessments has been observed in
patients who experienced a mild acute phase of the
disease (Amalakanti et al., 2021), including those who
did not report any cognitive complaints (Ariza et al.,
2022). Additionally, it is concerning that the efficacy of
vaccines in reducing the incidence of neurocognitive
sequelae appears to be minimal (Antonelli et al., 2022).

Post-COVID neurocognitive alterations are commonly
associated with neurobiological disorders, particularly
those affecting the brain (Monje & lwasaki, 2022). Primary
central nervous system involvement, through direct viral
infiltration, and secondary manifestations impacting the
nervous system via other tissues, constitute symptoms
that reveal a more extensive compromise to the nervous
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system than initially expected (Finsterer & Stollberger,
2020).

The neurobiological changes reported as a
consequence of COVID-19 are both neuroanatomical and
neurophysiological (Guo et al., 2024). Neuroanatomical
abnormalities involving the nervous system have been
systematically reported following COVID-19, potentially
affecting patients in the medium and long term. These
abnormalities are particularly noticeable in the brain and
exhibit considerable variability in location and nature
(Kiyak et al., 2024). Similarly, the neurophysiological
consequences of Coronavirus infection, observed both
in the acute phase and subsequent periods, have been
consistently documented. Scientific reports confirm
alterations across various physiological modalities,
with significant emphasis on those measuring brain
function (Haykal & Menkes, 2023). COVID-19 has the
potential to impact the nervous system across all stages
of the life cycle. Evidence suggests that it can alter the
nervous system of fetuses in utero (Falahi et al., 2023),
children (Singer et al., 2021), and adolescents (Guido et
al., 2022). These alterations are corroborated by distinct
neuropathological findings observed in post-mortem
brain examinations (Younger, 2023). However, the risk of
sequelae is estimated to be higher in adults compared
to younger or child populations (Taquet et al., 2022).

Although studies, such as Zhao et al. (2023), report
on the persistent effects of COVID-19 on neurocognitive
performance and brain neurobiology, they notably do
not address both dimensions in the same participants.
The separate description precludes the possibility
of describing potential associations between both
dimensions. Counteracting this, some studies have called
for identifying neurobiological correlates associated
with neurocognitive impairments in patients who have
had COVID-19 (Perrottelli et al., 2022). The analysis of
studies providing comprehensive data on neurocognitive
performance, alongside the report of anatomical and
physiological neurobiological changes from the same
participants, can enhance our understanding of the
interactions among phenomena. A more in-depth
examination of this topic could inform health policies
related to the care of patients with neurocognitive
impairments, particularly those experiencing post-
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COVID-19 sequelae, by guiding efforts toward the most
affected population profiles, symptomatology, and
neurocognitive domains.

Therefore, the research question for this systematic
review is: what are the neurobiological changes that
accompany reduced neurocognitive performance in
adult patients with post-COVID sequelae, as reported
in scientific articles? In this way, we set ourselves
the goal to investigate how post-COVID-19 sequelae
impact neurocognitive performances in relation to
neurobiological findings, according to the available
scientific literature. To reach this goal, we propose three
objectives: First, to search the specialized scientific
literature for articles that report neurocognitive
performances and neurobiological changes in the
same participants affected by post-COVID-19 sequelae.
Secondly, to synthesize the results in neurocognitive
performance and neurobiological changes in those
articles that have described measures in both aspects
on the same participants, and lastly, to analyze the
relationship between neurocognitive performances
and neurobiological changes according to the accepted
articles.

2. METHODS

The development of this systematic review was
guided by the PRISMA statement (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; Moher
et al., 2009). To structure the research process, a protocol
was developed with the study problem, its justification,
objectives and methods. This is available in the Open
Science Framework (OSF).

2.1 Eligibility Criteria

The main objective of this research was to review
studies on possible neurocognitive sequelae in
individuals after COVID-19 infection, and how this relates
to neurobiological alterations. The neurocognitive
evidence of interest focused on neurocognitive
objective performance, without considering measures of
emotional states (e.g., emotional reactivity, depression,
anxiety, among others). The neurobiological evidence of
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interest focused on measures of structure and function
in the central nervous system, especially the brain.

2.1 INCLUSION CRITERIA

+ Observational studies.

« Adult participant: samples from ages 18 and
above.

« Samples from people who were infected with
COoVID-19.

« Studies that evaluated neurocognitive
and neurobiological variables in the same
participants.

« Research published in peer-reviewed journals.

« English language.

2.1.2 EXCLUSION CRITERIA

« Sample with neuropsychiatric/neurological
diseases or brain injury previous to the infection.

« Non-human animal models.

« Books. Literature review articles. Pre-print
publications.

2.2 Information Sources

The advanced search was performed in three
databases: Web of Science, PubMed and Scopus. After
the review process, 26 studies met the inclusion criteria.
The search was carried out without year filters and was
undertaken in April 2023.

2.3 Advanced Search Strategy

The advanced search syntax was: COVID AND
(Neuropsycholog* OR Neuropsychiatr* ORCognitive OR
Mental fog OR Brain fog OR Neurocognitive) AND (Brain
OR Central Nervous System OR Neurophysiology OR
Neurophysiological OR Neuroimage OR Neuroimaging
OR Neurological OR Neuropathology OR Encephalopathy
OR Pathophysiological OR Magnetic resonance imaging
OR MRI OR Functional magnetic resonance imaging OR
fMRI OR Transcranial magnetic stimulation OR TMS OR
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Electroencephalogram OR EEG OR Non-invasive brain
stimulation OR NIBS OR Positron Emission Tomography
OR PET OR Computed Tomography OR CT OR CAT OR
Electrocardiography OR EKG OR ECG).

The search fields were “All fields” (Web of Science
and PubMed) and “Title” (Scopus). Only in PubMed
three filters were used to increase the precision of the
search: SPECIES (Humans); LANGUAGE (English); AGE
(Adult: 19+ years).

Notably, searches conducted using Spanish terms
did not yield any articles meeting the selection criteria;
consequently, this language was not included in the
present review.

2.4 Study Selection

The study selection process was summarized in
Figure 1, where the total number of articles obtained
in the advanced search and those identified through
other sources can be seen.

Studies selected through other sources come from
the evaluation phase of the advanced search, when
a relevant citation within an article was found and
considered to meet the inclusion criteria for the review.
The figure also summarizes the number of studies
after removing duplicates and the number of studies
excluded for not meeting the inclusion criteria. The
advanced search was carried out by GMS (all authors’
initials in the Declarations section), and the review
and selection process of articles was carried out by
the entire team, holding weekly meetings during the
process. After a full-text review, 26 articles were selected
for qualitative synthesis and analysis through vote
counting based on statistical significance.

Figure 1 (Flow Diagram Based on PRISMA Guidelines)
schematically represents the selection process. Table
1 presents a summary of the PRISMA checklist for this
systematic review.
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Figure 1.
Flow Diagram Based on PRISMA Guidelines.
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Table 1.
PRISMA ChecRlist.
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Section and Topic Item# Checklist item Reported on section
TITLE
Title 1 Identify the report as a systematic review. Title
ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Abstract
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing Introduction
knowledge.
Objectives 4 Proylde an explicit statement of the objective(s) or question(s) the Introduction
review addresses.
METHODS
Eligibility criteria 5 Spec'lfy the inclusion and exclusion criteria for the review and how Methods
studies were grouped for the syntheses.
Specify all databases, registers, websites, organisations, reference
Information sources 6 lists and other sources searched or consulted to identify studies. Methods
Specify the date when each source was last searched or consulted.
Search strategy 2 Prese.nt th‘e full §earch strategies fo‘r a‘ll databases, registers and Methods
websites, including any filters and limits used.
Specify the methods used to decide whether a study met the
inclusion criteria of the review, including how many reviewers
Selection process 8 screened each record and each report retrieved, whether they worked Methods
independently, and if applicable, details of automation tools used in
the process.
Specify the methods used to collect data from reports, including how
many reviewers collected data from each report, whether they worked
Data collection process 9 independently, any processes for obtaining or confirming data from Methods
study investigators, and if applicable, details of automation tools
used in the process.
List and define all outcomes for which data were sought. Specify
whether all results that were compatible with each outcome domain
Data items 10a in each study were sought (e.g. for all measures, time points, Methods
analyses), and if not, the methods used to decide which results to
collect.
List and define all other variables for which data were sought (e.g.
10b participant and intervention characteristics, funding sources). Not applicable

Describe any assumptions made about any missing or unclear
information.
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Specify the methods used to assess risk of bias in the included
studies, including details of the tool(s) used, how many reviewers
assessed each study and whether they worked independently, and if
applicable, details of automation tools used in the process.

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean
difference) used in the synthesis or presentation of results.

Describe the processes used to decide which studies were eligible for
each synthesis (e.g. tabulating the study intervention characteristics
and comparing against the planned groups for each synthesis (item
#5)).

Describe any methods required to prepare the data for presentation
or synthesis, such as handling of missing summary statistics, or data
conversions.

Describe any methods used to tabulate or visually display results of
individual studies and syntheses.

Describe any methods used to synthesize results and provide a
rationale for the choice(s). If meta-analysis was performed, describe
the model(s), method(s) to identify the presence and extent of
statistical heterogeneity, and software package(s) used.

Describe any methods used to explore possible causes of
heterogeneity among study results (e.g. subgroup analysis, meta-
regression).

Describe any sensitivity analyses conducted to assess robustness of
the synthesized results.

Describe any methods used to assess risk of bias due to missing
results in a synthesis (arising from reporting biases).

Describe any methods used to assess certainty (or confidence) in the
body of evidence for an outcome.

Describe the results of the search and selection process, from the
number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram.

Cite studies that might appear to meet the inclusion criteria, but
which were excluded, and explain why they were excluded.

Cite each included study and present its characteristics.
Present assessments of risk of bias for each included study.

For all outcomes, present, for each study: (a) summary statistics for
each group (where appropriate) and (b) an effect estimate and its
precision (e.g. confidence/credible interval), ideally using structured
tables or plots.

Methods

Not applicable

Methods

Not applicable

Results

Results

Not applicable

Not applicable

Not applicable

Not applicable

Results

Results

Results

Results

Results
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Results of syntheses

Reporting biases

Certainty of evidence
DISCUSSION

Discussion

OTHER INFORMATION

Registration and
protocol

Support
Competing interests
Availability of data,

code and other
materials

20a

20b

20c

20d

21

22

23a

23b
23c

23d

24a

24b

24¢C

25

26

27
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For each synthesis, briefly summarise the characteristics and risk of
bias among contributing studies.

Present results of all statistical syntheses conducted. If meta-analysis
was done, present for each the summary estimate and its precision
(e.g. confidence/credible interval) and measures of statistical
heterogeneity. If comparing groups, describe the direction of the
effect.

Present results of all investigations of possible causes of
heterogeneity among study results.

Present results of all sensitivity analyses conducted to assess the
robustness of the synthesized results.

Present assessments of risk of bias due to missing results (arising
from reporting biases) for each synthesis assessed.

Present assessments of certainty (or confidence) in the body of
evidence for each outcome assessed.

Provide a general interpretation of the results in the context of other
evidence.

Discuss any limitations of the evidence included in the review.
Discuss any limitations of the review processes used.

Discuss implications of the results for practice, policy, and future
research.

Provide registration information for the review, including register
name and registration number, or state that the review was not
registered.

Indicate where the review protocol can be accessed, or state that a
protocol was not prepared.

Describe and explain any amendments to information provided at
registration or in the protocol.

Describe sources of financial or non-financial support for the review,
and the role of the funders or sponsors in the review.

Declare any competing interests of review authors.

Report which of the following are publicly available and where they
can be found; template data collection forms; data extracted from
included studies; data used for all analyses; analytic code; any other
materials used in the review.

Results

Results

Not applicable

Not applicable

Not applicable

Not applicable

Discussion

Discussion

Discussion

Discussion

Methods

Methods
Methods
Declarations

Declarations

Declarations
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2.5 Data Extraction

The entire team extracted data into a database.
Information was coded according to the type of study
design, sample characteristics, post-COVID temporality,
and neurocognitive and neurobiological evaluation
techniques and outcomes.

2.6 Synthesis Method Without
Meta-analysis

Vote Counting Based on Statistical Significance
is suggested when data reports are inconsistent or
incomplete. Using this method, findings that favor an
intervention and are statistically significant can be
compared with those that were not (Friedman, 2007;
Higgins et al., 2019). The vote count based on statistical
significance was used to analyze the rate of studies
that presented statistically significant neurocognitive
alterations and how many of these found a relationship
between the neurocognitive alteration and the
neurobiological variables. The statistical significance
criterion used was p < 0.05.

2.7 Risk of Bias

A risk of bias analysis was carried out for each
individual study as well as summary of risk of bias
analysis using the Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies,
and the Quality Assessment Tool for Case Series Studies
(National Heart, Lung, and Blood Institute, 2019). This
tool has been employed in prior systematic reviews
(Amit et al., 2020; Costa-Cordella et al., 2021).
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3. RESULTS

3.1 Description of Studies

3.1 STUDY SIZE

The reviewed studies encompassed a wide range of
participant numbers, from 3 to 401. The least common
participant count was 401 (N = 1), followed by counts
ranging from 3to 4 (N = 3), 102 to 192 (N = 3), 29 to 35 (N
= 4), 8t0 20 (N = 5), and the most common counts fell
between 46 and 74 participants (N = 10) (see Figure 2,
Panel A). The total number of participants included in
all studies was 3244.

3.1.2 PARTICIPANTS’ MEAN AGE

Mean age ranged from 37.2 to 67 years (M = 55.49,
SD = 8.92). One study did not provide age information
(Rubega et al., 2022). The least common age range was
37 to 38 (N = 2), followed by 62 to 67 (N = 6), 42 to 50
(N =7), and the most common age range was 54 to 60
(N =10).

3.1.3 SEX DISTRIBUTION OF PARTICIPANTS

The distribution of participants’ sex spanned from
0% to 76.09% female (M = 45%, SD = 23%) (see Figure
2, Panel C).

3.1.4 TIME OF EVALUATION AFTER COVID

The time of neurobiological and neurocognitive
evaluation of the participants ranged from 4 to 36 weeks
after COVID-19 (M =17, Mdn =13, SD = 1019 weeks). This
showed an important variability across studies.

3.1.5 GEOGRAPHICAL DISTRIBUTION OF PARTICIPANTS

The majority of the reviewed studies were conducted
in Germany (N = 7), followed by Italy (N = 6), Brazil
and France (N =3 each). The remaining articles were
distributed across other European countries, Ecuador
and Israel. For a detailed breakdown of the study
locations, see Figure 2, Panel E.
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General Characteristics of the Studies Included in the Review (Source: Authors’ own elaboration).
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3.1.6 NEUROCOGNITIVE TESTS

Fourteen neurocognitive tests were employed across
all studies, with each study utilizing one or more of
these tests. The most used was MoCA (N = 15), followed
by TMT (N = 11), DST (N = 8), STROOP (N = 7), ROCF (N =
6), FAB (N = 6), MMSE (N = 5), SDMT (N = 5), VET (N = 3),
BNT (N = 2), RAVLT (N = 2), SAT (N = 2), TAP (N = 2) and
VOSPB (N = 2). The rest of the tests were used in only
one study each. For a graphical representation and
abbreviations see Figure 3, top left panel.

10

3.1.7 NEUROCOGNITIVE DOMAINS

The neuropsychological processes examined by
the authors were associated with key domains of
neurocognitive function as defined by the DSM-5
(Diagnostic and Statistical Manual of Mental Disorders,
5th edition) (Sachdev et al., 2014), adding an additional
external category termed “global cognition”. Executive
function was the most studied domain (N = 35), followed
by learning and memory (N = 27), global cognition (N
= 24), complex attention (N = 21), language (N = 13),
and perceptual-motor function (N = 11). For a visual
representation, refer to Figure 3, bottom left panel. For
references, see table 2.
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Table 2.

General Characteristics of Selected Studies (Source: Authors’ own elaboration).
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(2022) 401 384 21 43% Longitudinal NMT; PMT EF; LM; CA; PM MRI Brain anatomy
. Q:62% ) .
Bispo etal. (2022) 56 37 3' 38% Cross-sectional MoCA; CANTAB GC MRI Brain anatomy
. o
Hellgren et al. 120% - .
° Longitudinal RBANS GC MRI Brain anatom
8 35 0 g g y
(2022) 3:80%
Brain anatomy;
Nersesjan et al. :138% - Brain anatomy;
) 61 0 ?:38% Longitudinal MoCA; CDT; 5SM3WR  EF; LM; GC CT; MRI; EEG : myi
(2021) 3:62% Electrophysiological
activity
:71% I Electrophysiological
Appelt et al. (2022) 53 30 ? Longitudinal MoCA; TMT; DST LM; GC; CA EEG - physiolog!
4:29% activity
MMSE; BNT; ROCF;
Andriuta et al. :76% . F&C; D&P; DSCT; EF; LM; GC; CA; .
46 0 ? Cross-sectional MRI Brain anatomy
(2022) 2 24% VFT; TMT; STROOP;  LA; PM
BDSI
Brain anatomy;
Del Brutto et al. 1 63% - . .
52 41 Q ? Longitudinal MoCA GC MRI; EEG Electrophysiological
(2021) 3 :37% o
activity
Q:67% . )
Hugon et al. (2022) 3 0 7 :33% Case report MMSE GC PET Brain metabolism
. ‘0
Brain anatomy;
1 65% . Brain anatomy;
adad et al. ? Cross-sectional MoCA GC MRI; CT; EEG . v .
Hadad et al. (2022) 46 0 9
4 :35% Electrophysiological
activity
:38% . Brain metabolism;
Hosp et al. (2021) 29 0 ? ? Cross-sectional MoCA GC PET; MRI .
4 :62% Brain anatomy
MMSE; FAB; SDMT; Brain anatomy;
Cecchetti et al. 49 69 9 £ 34% Longitudinal DST; TMT; RAVLT, EF; LM; G CA; MRI; EEG Electroph sio)l/t’) ical
(2022) 2 66% ¢ ROCF; VOSPB; LA; PM ' i ¢
SAND v
Brain anatomy;
Delorme et al. Q :50% Electrophysiological
4 MMSE; FAB EF; MRI; EEG; PET .. .
(2020) 0 2o casereport SE; i 6c  EEG; activity; Brain
metabolism
STROOP; TMT;
9 :36% CLVFT; DST, CORSI; Brain anatomy; BOLD
Voruz etal. (2022) 102 0 3 64"; Cross-sectional  TAP; 16G&B; ROCF;  EF; LM; CA; LA; PM  MRI; fMRI sienal Vi
TR BECLA; VOSPB; s
WAIS-IV P&M
Ortelli et al. Q:0% . MOCA; SAT; Motor evoked
74 29 Cross-sectional T EF; GC; CA T™S X
(2022b) 4 :100% STROOP potential
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Rubega et al.
(2022)

Versace et al.
(2021)

Sklinda et al.
(2021)

Bungenberg et al.
(2022)

Dressing et al.
(2022)
Ortelli et al. (2021)

Fleischer et al.
(2022)

Groiss et al. (2020)

De Paula et al.
(2022)

Blazhenets et al.
(2021)

Rau et al. (2022)

12

7

~

192

20

12

10

14

12

35

O3 +0 O3 +0 O34+0 O340

0s 40

0290 0340 0340 0340 0340 0240

129%
1 71%

1 23%
:77%

1 48%
1 52%

:56%
L 44%

1 65%
:35%

:25%
1 75%
1 67%
133%

0%

:100%

%

129%

25%

1 75%

:38%
1 62%

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Longitudinal

Cross-sectional

Longitudinal

Case report

Cross-sectional

Longitudinal

Longitudinal

MoCA; FAB;
STROOP; DST;
RAVLT; TMT; SDMT

FAB
ACE-11I; ROCF; CVLT;
TMT; WAIS-R ST

MoCA; STROOP;
TMT; DST; BNT;
ROCF; TAP; RWT;
VLMT

HVLT; BVMT-R;
DST; TMT; STROOP;
SDMT; S&LFT;
MoCA

MoCA; FAB

10WLR; d2; VFT;
TMT; DST; SDMT

MoCA; SDMT; MMSE

VFT; ROCF; LMT;
TMT; VFS; 5PT; DST

MoCA

MoCA

EF; LM; GC; CA

EF

GC; CA; LA; PM

EF; LM; GC; CA;
LA; PM

EF; LM; GC; CA; LA

EF; GC

EF; LM; CA

GC; CA

EF; LM; GC; CA; PM

GC

GC
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EEG

T™S

MRI

MRI

PET; MRI

™S

MRI

EEG

MRI; PET

PET

MRI; DMI; PET

Electrophysiological
activity

Motor evoked
potential

Brain anatomy

Brain anatomy

Brain metabolism;
Brain anatomy

Motor evoked
potential

Brain anatomy

Electrophysiological
activity

Brain anatomy; Brain
metabolism

Brain metabolism

Brain anatomy; Brain
anatomy; Brain
metabolism

Abbreviations (neurocognitive domains). EF: executive function. LM: learning and memory. GC: global cognition. CA: complex attention. LA: language. PM: perceptual motor

functions.
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3.1.8 NEUROBIOLOGICAL TECHNIQUES

Across all studies, seven recording/imaging
techniques were employed, with each study utilizing
one or more techniques to investigate neurobiological
processes or structures. The most frequently used
technique was MRI (N = 17), followed by EEG (N = 8), PET
(N=7), TMS (N = 4), CT(N =2), DMI (N = 1), and fMRI (N =
1). For a visual representation and abbreviations, refer
to Figure 3, top right panel. For references, see table 2.

Figure 3.
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3.1.9 NEUROBIOLOGICAL PROCESSES AND STRUCTURES

Brain anatomy was the most frequently studied,
assessed through MRI, CT, and DMI (N = 20), followed by
electrophysiological activity (N = 8), brain metabolism
(N =7), motor evoked potentials (N = 4), and the BOLD
signal (N = 1). For a visual representation, refer to Figure
3, bottom right panel. For references, see table 2.

Number of Studies: Neurocognitive Tests and Domains, Neurobiological Techniques, Processes and Structures

(Source: Authors’ own elaboration).

Neurocognitive tests ~ Neurobiological techniques
15 1
g g159
g=) =]
# 101 #
‘5 \E 10 4
2 g
: IIII 3
= =1
z . z l
éavg-«ﬁg%é & Q@.:;:? Rl & M S L $
Neurobiclogical processes
Neurocognitive domains and structures
20 4
8307 8
é é 151
"-E 20 4 '-E 10
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Note: Number of studies that use a particular neurocognitive test (top-left), implement a given neurobiological recording technique (top-right), assess a given neurocognitive
domain (bottom-left), and target a given neurobiological process or structure (bottom-right). In the case of neurocognitive tests, for visualization purposes, we included in
the plot only tests that were used at least in two studies.

Abbreviations: BNT: Boston Naming Test, RAVLT: Rey Auditory Verbal Learning Test, SAT: Sustained Attention Task, TAP: Test for Attentional Performance, VOSPB: Visual Object
and Space Perception battery, VFT: Verbal Fluency Test, MMSE: Mini-Mental State Evaluation, SDMT: Symbol Digit Modalities Test, FAB: Frontal Assessment Battery, ROCF: Rey-
Osterrieth Complex Figure, STROOP: Stroop Task, DST: Digit Span Test, TMT: Trail Making Test, MoCA: Montreal Cognitive Assessment. DMI: Diffusion microstructure imaging, fMRI:
Functional magnetic resonance imaging, CT: computed tomography, TMS: Transcranial magnetic stimulation, PET: positron emission tomography, EEG: electroencephalogram,
MRI: magnetic resonance imaging. BOLD: Blood Oxygenation Level Dependent.
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3.1.10 ADDITIONAL CHARACTERISTICS OF INCLUDED
STUDIES

To conclude the initial description of the accepted
studies, Table 2 presents the following general
characteristics: study identification, number of
participants who had COVID-19, number of healthy
control participants, percentages of participants by sex,
study design, neurocognitive tests and domains and
neurobiological techniques and processes/structures,
which is described in detail in the next section.

3.2 RISK OF BIAS

Studies were assessed for risk of bias using the
Quality Assessment Tool for Observational Cohort and

Table 3.
Summary of Risk of Bias.
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Cross-Sectional Studies, and the Quality Assessment
Tool for Case Series Studies (National Heart, Lung, and
Blood Institute, 2019) as presented in Table 3. Criteria
description can be found at: https://www.nhlbi.nih.
gov/health-topics/study-quality-assessment-tools.

For each criterion, a status of compliance has
been assigned: Y (yes), N (no), CD (cannot determine),
NA (not applicable), and NR (not reported). Finally,
each reference is assigned an overall quality rating
according to the scale: Good, Fair, and Poor. GMS and
CAR independently assigned a compliance level to each
criterion, as well as a corresponding quality rating to
each study. Any discrepancies were discussed jointly,
and consensus was reached on both the criteria and
ratings.

Criteria
References 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality rating
Ortelli et al. (2022a) Y Y N Y N Y Y NA Y Y Y N Y Y Fair
Douaud et al. (2022) Y Y Y Y Y Y Y NA Y N Y N Y Y Good
Bispo et al. (2022) Y Y Y Y N Y Y N Y N Y N Y Y Good
Hellgren et al. (2022) Y Y N Y N Y Y N Y N Y N N Y Fair
Nersesjan et al. (2021) Y Y Y Y N Y Y NA Y N Y N Y Y Fair
Appelt et al. (2022) Y Y N Y N Y Y N Y N Y N Y Y Good
Andriuta et al. (2022) Y Y N Y N Y Y NA Y N Y Y Y Y Fair
Del Brutto et al. (2021) Y Y Y Y Y Y Y NA Y Y Y Y Y Y Good
Hugon et al. (2022) Y Y Y N Y Y Y Y Y NA NA NA NA NA Poor
Hadad et al. (2022) Y Y N Y Y Y Y N Y N Y N Y Y Good
Hosp et al. (2021) Y Y N Y Y Y Y NA Y Y Y N Y Y Fair
Cecchetti et al. (2022) Y Y N Y N Y Y NA Y Y Y Y Y Y Fair
Delorme et al. (2020) Y Y Y N Y Y Y NA Y NA NA NA NA NA Poor
Voruz et al. (2022) Y Y Y Y N Y Y N Y N Y N Y Y Good

14



% Praxis Psy

Ortelli et al. (2022b) Y Y N Y N Y Y
Rubega et al. (2022) Y Y N Y N Y Y
Versace et al. (2021) Y Y N Y N Y Y
Sklinda et al. (2021) Y Y Y Y N Y Y
Bungenberg et al. (2022) Y Y Y Y Y Y Y
Dressing et al. (2022) Y Y Y Y N Y Y
Ortelli et al. (2021) Y Y Y Y Y Y Y
Fleischer et al. (2022) Y Y N Y N Y Y
Groiss et al. (2020) Y Y N Y Y N Y
De Paula et al. (2022) Y Y S Y Y Y Y
Blazhenets et al. (2021) Y Y N Y N Y Y
Rau et al. (2022) Y Y Y Y Y Y Y
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NA Y Y Y N Y Y Fair
NA Y N Y N Y Y Fair
NA Y N Y N Y Y Fair
NA Y N Y N Y Y Fair
NA Y N Y N Y Y Good
NA Y N Y N N Y Fair
NA Y N Y N Y Y Fair
NA Y N Y N N Y Fair
N Y NA NA NA NA NA Fair
NA Y N Y N Y Y Good
NA Y N Y N Y Y Fair
NA Y N Y N Y Y Fair

Among the 26 studies, 8 were rated as “Good,” 16
as “Fair,” and 2 as “Poor.” The observational studies
generally adhered to key criteria such as clearly stated
research questions, well-defined study populations,
and consistent implementation of exposure measures.
For example, Douaud et al. (2022) and Del Brutto et al.
(2021) met most of the criteria, indicating robust me-
thodologies with minimal bias. However, many obser-
vational studies, such as those by Ortelli et al. (2022 a)
and Nersesjan et al. (2021), were marked as “Fair” due
to shortcomings in areas like sample size justification,
blinding of outcome assessors, and adjustment for
confounding variables.

In contrast, the case series studies were evaluated
using criteria tailored to their design. Hugon et al.
(2022) and Delorme et al. (2020) exhibited significant
methodological limitations, particularly in describing
the intervention and statistical methods, leading to
their classification as “Poor”.

To summarize, among the accepted articles, 99.57%
of the COVID-19 patients were included in studies with
“Fair” or “Good” quality ratings. Therefore, it is possible
to assert that these limited levels of bias risk enable
a reliable analysis of results within the context of this
systematic review.

3.3 Neurocognitive Performance
Changes

The classification of neurocognitive domains su-
ggested by Sachdev et al. (2014), based on a DSM-5
approach, was adopted to organize the synthesis of
neurocognitive test results. This classification recognizes
six neurocognitive domains, namely: perceptual-motor
function, language, learning and memory, complex
attention, executive function and social cognition.

To the previous domains, we will add the category
“global cognition” for the results reported based on the
application of comprehensive batteries or tools that
assess general neurocognitive performances.

Of the 26 accepted articles, 25 describe alterations
in at least one neurocognitive domain, across 97 out-
come reports. However, only 61 of these reports are
statistically significant, of which 40 (65%) confirm a
worse performance in post-COVID patients in at least
one neurocognitive domain (while the remaining 35%
estimate that there is no significant difference in per-
formance between participants and healthy controls.).
The descriptive count of significant results, including
the mention of the publications considered, is shown
in Table 4.
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Table 4.
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Descriptive Count of Results (Source: Authors’ own elaboration).

Neurocoghnitive results

Results Studies N Reports
Ortelli et al. (2021, 2022a, 2022b); Douaud et al. (2022); Nersesjan et
Worse performance in Post-Covid  al. (2021); Appelt et al. (2022); Andriuta et al. (2022); Del Brutto et al. 40

patients

No difference in performance in
Post-Covid patients

(2021); Hadad et al. (2022); Cecchetti et al. (2022); Voruz et al. (2022);
Rubega et al. (2022); Bungenberg et al. (2022); De Paula et al. (2022)

Douaud et al. (2022); Bispo et al. (2022); Appelt et al. (2022); Hadad et

al. (2022); Rubega et al. (2022); Bungenberg et al. (2022); Dressing et al.

(2022); De Paula et al. (2022); Blazhenets et al. (2021)

N studies with statistical report (%)

21

23 (88.5%)

N statistical reports 61
Neurobiological results
Results Studies N Reports
Ortelli et al. (2021, 2022a, 2022b); Douaud et al. (2022); Bispo et al.
. . . . (2022); Appelt et al. (2022); Hugon et al. (2022); Hosp et al. (2021);
Biological findings in Post-Covid Cecchetti et al. (2022); Voruz et al. (2022); Rubega et al. (2022); Versace 17

patients

et al. (2021); Sklinda et al. (2021); Blazhenets et al. (2021); Rau et al.

(2022)

No findings in Post-Covid patients  Dressing et al. (2022)

N studies with statistical report (%)

N statistical reports

16 (61.5%)

18

Among the 61 reports with statistically significant
results, 40 demonstrating worse neurocognitive per-
formance in post-COVID patients included 1,238 parti-
cipants, accounting for 92.9% of the total participants
considered in studies with significant outcomes. These
findings include the highest percentages of confirmed
poorer performance in the language (90.4% of partici-
pants in studies with significant results) and complex
attention domains (79.9%).

16

Table 5 (Vote Count Based on Statistical Significance)
outlines the frequency and proportion of reports “in
favor”, meaning those supporting a significant decline
in neurocognitive performance among post COVID pa-
tients, across various cognitive domains. It also details
the number of post COVID participants involved in
these statistically significant reports, along with the
percentage they represent out of the total number of
participants in all reports with significant results.
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Table 5.

Vote Count Based on Statistical Significance (Source: Authors’ own elaboration).
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Analysis by neurocognitive domain

Reports in favor

Fr / total n partic. % partic.
Complex Attention 10/13 921 79.9%
Executive Function 9/12 830 75.2%
Global Cognition 8/14 411 51.4%
Language 5/6 293 90.4%
Learning and Memory 4/9 247 25.4%
Perceptual Motor Function 4/7 389 43.9%
Total 40/61 1238 92.9%
Analysis by neurobiological processes and structures
Reports in favor
Fr / total n partic. % partic.
Brain Anatomy 6/6 566 100%
Motor evoked potentials 44 165 100%
Electrophys. activity 3/3 135 100%
Brain metabolism 3/4 31 50%
BOLD signal 11 102 100%
Total 17/18 930 96.8%
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Analysis of association: Neurocognitive domain / Neurobiological process or structure

Brain anatomy

Brain metabolism
Global cognition
Motor evoked potential

Electrophys. activity

Electrophys. activity
Complex attention

Brain anatomy

Brain anatomy
Perceptual motor function

Brain metabolism
Learning and memory Brain anatomy

Total

Reports in favor
Fr / total n partic. % partic.
5/5 148 100%
2/3 37 54.4%
2/2 86 100%
11 49 100%
2/2 102 100%
11 401 100%
11 50 100%
Al 192 100%
11 49 100%
16/17 1067 97.2%

3.4 Neurobiological Changes

The findings will be reviewed according to the neu-
robiological processes and structures already mentio-
ned: brain anatomy, electrophysiological activity, brain
metabolism, motor evoked potential, and BOLD signal.

Of the 26 accepted articles, 23 describe alterations
in neurobiology across 39 outcome reports. However,
only 18 of these reports are statistically significant, of
which 17 (94%) confirm changes in neurophysiological
processes or neuroanatomy in post-COVID patients
compared to controls. Overall, these 17 reports co-

rrespond to 930 participants. The descriptive count
of significant results, including the mention of the
publications considered, is shown in Table 4.

The neurophysiological and neuroanatomical chan-
ges described in the accepted articles can be classified
as neuropathological alterations, which are abnorma-
lities involving nervous system disorders, either as
diseases themselves or as part of them (Love et al.,
2015). Table 6 provides a detailed neuropathological
description of the biological changes identified by the
17 accepted studies with significant neurobiological
results.
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Table 6.
Neuropathological Description of Biological Changes in Post-COVID Participants (Source: Authors’ own elaboration).

Neurobiology Technique Reference Neuropathology Description

Brain Anatomy MRI

Douaud et al. (2022)

Bispo et al. (2022)

Hosp et al. (2021)

Cecchetti et al.
(2022)

Sklinda et al. (2021)

Atrophy

Tissue damage

Atrophy

Ischemia

White matter
hyperintensities

Hypoperfusion

Reduction in global brain size in the SARS-
CoV-2 cases. Reduction in grey matter
thickness in the orbitofrontal cortex and
parahippocampal gyrus.

Markers of tissue damage in regions
connected to the primary olfactory cortex.

Reduction in fiber density in the
association, projection, and commissural
tracts, involving arcuate fasciculus,
cingulum, fornix, inferior fronto-occipital
fasciculus, inferior longitudinal fasciculus,
superior longitudinal fasciculus, uncinate
fasciculus, corona radiata, corticospinal
tract, and corpus callosum.

Micro-embolic subacute infarcts, located
bilaterally in cerebellum, right corona
radiata, left superior cerebellar peduncle,
and right frontal cortex.

Right frontal and right parieto-occipital
WMH volumes were greater in patients
when compared to controls.

Cerebral hypoperfusion suggested by
changes in brain metabolites in deep gray
matter (both brain hemispheres) in COVID
patients suffering from brain fog.

DMI

Rau et al. (2022)

Microstructural
alterations

Widespread volume shifts from the intra-
and extra-axonal space into the free
water fraction (V-CSF), involving the entire
supratentorial white matter, with maxima
in frontal and parietal regions.

Motor evoked potentials TMS

Ortelli et al. (2022a)

Ortelli et al. (2022b)

Ortelli et al. (2021)

Versace et al. (2021)

Cortical
hypoexcitability

Reduced cortical
inhibition

Higher resting motor thresholds and
reduced M1 excitability in patients.
Higher resting motor threshold cortical
hypoexcitability in patients.

Smaller motor evoked potentials in
patients.

Reduced inhibition within the M1

area. Short-latency afferent inhibition
mechanisms were also significantly
diminished.
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Reduction in brain activity at rest in the
Fz-F4 areas and during high cognitive
Appelt et al. (2022) demands in the F3-F7 areas. A reduction
in signal complexity in F3-F7 at rest was
found 6-12 months after acute infection.

Patients showed lower individual alpha

. . . Altered frequency, and a greater current source
Electrophysiological Cecchetti et al. . . . .
tivit EEG (2022) electrophysiological densities at delta frequency band in
activi .. .
Y activity bilateral frontal and central-temporal
regions.

Modification of cortical generators of
sleep spindles. Slow spindles shifting
Rubega et al. (2022) towards more posterior cortical regions
and fast spindle generators shifting
anteriorly, in COVID-19 participants.

Hypometabolic regions identified,

. . . affecting the pons, medial temporal

Brain metabolism PET Hugon et al. (2022) Hypometabolism .
lobe, left parietal and precuneus areas,

cingulate cortex, orbitofrontal cortex.

Initial frontoparietal and, to a lesser
Blazhenets et al.

extent, temporal hypometabolism in
(2021) I

chronic COVID patients.

Rau et al. (2022) Frontoparietal-dominant pattern of
au et al. . .
neocortical glucose hypometabolism

Hypoconnectivity in anosognosic patients,
within and between the following
networks: left default mode, bilateral
BOLD signal fMRI Voruz et al. (2022) Hypoconnectivity somatosensory motor, right executive
control, right salient ventral attention and
bilateral dorsal attention networks, and
right Lobules IV and V of the cerebellum.
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Table 5 (Vote Count Based on Statistical Significance)
outlines the frequency and proportion of reports “in
favor”, meaning those supporting significant neurobiolo-
gical changes among post COVID patients, across various
processes and structures. It also details the number of
post COVID participants involved in these statistically
significant reports, along with the percentage they
represent out of the total number of participants in
all reports with significant results.

3.5 Association Between Neurocog-
nitive Performances and Neurobio-
logical Changes

Of the 26 accepted studies, 15 estimate a statistically
significant association between at least one outcome in
a neurocognitive domain and a neurobiological finding.
Furthermore, nine studies did not estimate a signifi-
cant association but provided qualitative comments
or unquantifiable observations regarding potential
associations between their neurobiological and neu-
rocognitive findings. Finally, two articles (Groiss et al.,
2020; Nersesjan et al., 2021) do not refer in any way to
a possible association between described neurobio-
logical and neurocognitive results.

Fifteen studies that calculated a significant asso-
ciation between neurobiological changes and neu-
rocognitive domains do so through 17 reports. 16 of
these (94%) confirm an association between at least
one neurocognitive domain and a neurobiological pro-
cess/structure. These “in favor” reports include 1,067
participants, corresponding to 97.2% of the patients
considered in studies with statistically significant as-
sociation results.

The results for each cognitive domain and its as-
sociation with neurobiological anatomy or processes,
are described as follows:

The association between global cognition and brain
anatomy, evoked motor potentials, and electrophysio-
logical activity was confirmed in all 8 reports involved,
including 283 participants. The association between
global cognition and brain metabolism was observed

21
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in 2 out of 3 reports, involving 37 participants, which
corresponds to 54.4% of the patients included in these
studies.

The association between complex attention with
electrophysiological activity and brain anatomy was
confirmed in the 3 reports involved, which included
503 participants.

The association between perceptual motor function
with brain anatomy and brain metabolism was docu-
mented in the two reports involved, which included
242 participants.

Finally, the association between the cognitive do-
main of learning and memory and brain anatomy was
corroborated in the single report considered, which
included 49 participants.

In summary, across all cognitive domains, 16 of the
17 reports indicated a significant association between
worse neurocognitive performance and neuropatho-
logical brain changes, involving 1,067 participants,
equating to 97.2% of patients in reports with statistically
significant results.

Table 5 describes and shows the frequency of reports
“in favor”, meaning those indicating a statistically sig-
nificant association between neurocognitive domains
and neurophysiological processes or neuroanatomical
structures.

4. DISCUSSION

In addressing the research question regarding the
neurobiological changes that accompany reduced
neurocognitive performance in adult patients with
post-COVID sequelae, this systematic review synthe-
sizes findings from 26 scientific articles. These studies
provided data on neurobiological and neurocognitive
variables in the same participants in a stage subsequent
to the acute phase of COVID-19 infection. Among these,
15 articles conducted analyses to estimate potential
associations between these dimensions, resulting in
17 distinct reports. Of these reports, 16 confirmed sta-
tistically significant associations between decreased
performance in at least one neurocognitive domain and
corresponding neuropathological findings in the brain.
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This consistent evidence underscores the relations-
hip between neurobiological alterations and neuro-
cognitive deficits in post-COVID patients. Despite the
surge in neurobiological and neurocognitive research on
COVID-19 and its sequelae, no prior systematic reviews
have specifically sought to explore this association.

Our findings highlight that, although 26 studies me-
asured neurobiological and neurocognitive variables,
11 did not estimate the association between these
dimensions. This omission may be attributed to the
urgency of disseminating findings in the middle of a
global health crisis and the inherent limitations posed
by the pandemic.

Focusing solely on neurocognitive outcomes leaves
an incomplete understanding of how a tangible pa-
thogenic agent, such as a virus, can influence mental
processes. Observing concurrent neurobiological im-
pairments alongside neurocognitive sequelae is vital
to begin elucidating the mechanisms through which
a virus impacts neurocognitive domains specifically
and neuropsychological functioning in general. This
integrated approach enables researchers to trace the
pathway from viral infection to alterations in brain
structure or function, thereby linking these changes
to observed cognitive deficits. Such comprehensive
analysis is essential for unraveling the complex inter-
play between biological insults and neurocognitive
dysfunctions, ultimately advancing our understanding
of the neuropsychological impact of viral infections.

The findings of this review align with the extensive
scientific literature documenting the impact of va-
rious viruses, including poliovirus, influenza, herpes
simplex, Epstein-Barr, West Nile virus, HIV and other
Coronaviruses on inducing cerebral neuropathological
changes (Hatanpaa & Kim, 2014; Hu et al., 2020; Love
et al., 2015), as well as decrements in neurocognitive
performance (Bohmwald et al., 2018; Dicke, 2015; Fru-
chter et al., 2015; Garcia-Molina et al., 2015; Murray et
al., 2018; Rumbaugh & Tyor, 2015; Zhang et al., 2021).
Consequently, the Coronavirus is considered among
the long list of pathogenic agents capable of inducing
neurobiological and neuropsychological changes in a
considerable proportion of infected individuals (for a
detailed review, see Love et al., 2015, Chapter 19).
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In our review, 10 out of 11 reports found a significant
association between deficits in global cognition and
neurobiological changes. Reduced global cognition
has been previously reported in post-COVID patients.
The meta-analysis by Crivelli et al. (2022) describes
significantly lower global cognition scores compared
to controls. In this meta-analysis, as well as in other
studies, batteries such as Montreal Cognitive Assess-
ment (MoCA) have played a prominent role and are
considered among the most used in the neurocog-
nitive evaluation of post-COVID sequelae (Biagianti
et al., 2022; Perrottelli et al., 2022), despite not being
a neuropsychological assessment specifically desig-
ned for sequelae of this viral infection. In our review,
15 of the 26 selected studies used MoCA to estimate
global cognition, and in five of them, it was used as a
standalone neurocognitive measure, confirming the
relevance of this assessment battery in the evaluation
of post-COVID neurocognitive sequelae.

Two out of three studies that estimated relationships
between reduced global cognition and alterations in
brain metabolism found a positive association. Howe-
ver, these two articles encompassed 54.4% of the to-
tal participants across these three studies. While the
alteration of brain metabolism (measured by PET) in
post-COVID-19 patients was confirmed by the systematic
review by Okrceja et al. (2023), our review found that
only a slight majority of participants showed reduced
brain metabolism in certain areas linked to deficits in
global cognition.

In our review, it is observed that the majority of
participants in the selected articles are women. This is
consistent with the scientific literature, which describes
a higher prevalence of post-COVID sequelae among
women in general (Fernandez-de-Las-Penas et al., 2022;
Ortona et al., 2021). Regarding the time considered as
post-acute for describing the post-COVID period, the
majority of the accepted studies have applied the crite-
rion of at least four weeks post-diagnosis (Nalbandian
et al., 2021; NICE, 2020). However, we also observed
notable variability in the post-COVID timeline, with
some articles applying undefined criteria.

Among the limitations of this review, most of the
studies found and accepted focus on the evaluation of
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patients with cognitive complaints, omitting the inclu-
sion of patients with anosognosia who exhibit objecti-
vely reduced performance in neurocognitive domains.
Similarly, it would have been beneficial to review or
accept articles that included asymptomatic COVID-19
patients who may present neurocognitive alterations,
in order to cover a broader range of COVID-19 profiles
that could lead to persistent neurocognitive sequelae.

The accepted studies represent diverse populations
across the world, encompass various types of samples
and research designs, and allow for the observation
of a wide range of neurobiological and neurocognitive
tests and techniques used. Within our age group of
interest, described as the most affected by post-COVID
neurocognitive sequelae across the life cycle (Taquet
et al., 2022), our selection of accepted articles included
adult participants of various ages, reviewing measure-
ments taken at various time points following the acute
phase of COVID-19, enabling a comprehensive analysis
of the neurobiological and neurocognitive sequelae of
Coronavirus among adult patients.

Furthermore, due to the unique characteristics of
the observed problem, unlike other systematic reviews,
this one has no time restrictions, collecting publications
from the onset of the observed phenomenon to the
time of the search.

While the heterogeneity of the included studies
presents inherent challenges, it is also important to
critically examine the limitations introduced by our own
methodological decisions. The use of vote counting,
although appropriate given the variability and incom-
pleteness of reported effect sizes, does not consider
the magnitude or directionality of findings, and may
overrepresent studies based solely on statistical sig-
nificance. Regarding language bias, it is important to
clarify that searches were conducted in both English
and Spanish; however, no Spanish-language articles
met the inclusion criteria, which justifies the final
restriction to English. Concerning quality appraisal,
although high quality tools such as the GRADE approach
(Prasad, 2024) or ROBINS-E (Higgins et al., 2024) were
not applied, all accepted studies were assessed using
the Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies from the National Heart,
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Lung, and Blood Institute (National Heart, Lung, and
Blood Institute, 2019). This tool, composed of 14 items,
evaluates key domains of internal validity in observa-
tional designs. While the lack of a more comprehensive
risk of bias assessment remains a limitation, the appli-
cation of this instrument provided a structured and
systematic basis to judge the methodological quality
of the included studies.

Finally, in terms of applications, the results of this
review can inform health services about the need to
obtain neurobiological and neurocognitive outcomes
in patients suffering from post-COVID sequelae, re-
gardless of whether they report cognitive complaints,
to achieve more comprehensive and timely diagnoses
and interventions. These findings underscore the need
to improve access to neurocognitive assessment and
intervention for adults affected by post-COVID seque-
lae. Despite robust evidence linking neurobiological
alterations to neurocognitive impairments, many indi-
viduals-particularly those with mild or asymptomatic
acute phases-remain undiagnosed and untreated. Wi-
thout intervention, such deficits may persist or worsen
over time, leading to long-term functional impairments
(L. Cysique et al., 2022; Davis et al., 2023). This review
is thus relevant not only for advancing scientific un-
derstanding but also for forming clinical and policy
responses aimed at early detection and support for
affected populations.
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