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Severe acute respiratory syndrome coronavirus 2 is a worldwide public health issue.
Almost 2 years into the pandemic, the persistence of symptoms after the acute phase is a
well-recognized phenomenon.

We conducted a scoping review to map cognitive domain impairments, their frequency,
and associated psycho-affective disorders in people with a previous COVID-19 infection.
We searched PubMed/MEDLINE, Scopus, and PsycInfo to identify relevant reports pub-
lished between December 1, 2019 and February 21, 2022. We followed the PRISMA
(Preferred-Reporting-Items-for-Systematic-Reviews-and-Meta-Analyses) extension for
scoping review guidelines.

Three independent reviewers selected and charted 25 records out of 922. Memory,
attention, and executive functions appeared to be the most affected domains. Delayed
recall and learning were the most impaired domains of memory. Among the executive
functions, abstraction, inhibition, set shifting, and sustained and selective attention were
most commonly impaired. Language and visuo-spatial abilities were rarely affected,
although this finding might be biased by the scarcity of reports. Neurological and respi-
ratory conditions were often reported in association with cognitive deficits. Results on
psycho-affective conditions were inconclusive due to the low frequency of reported data.
Admission to an intensive care unit is not related to cognitive deficits.

This review highlighted a potential effect of a previous post-COVID-19 infection on a
pattern of memory, attention, and executive functions impairments. These findings need
to be confirmed on larger cohorts with comprehensive neuropsychological batteries and
correlated to neurophysiological and neurobiological substrates.

© 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has been a major public health issue since December 2019
(Zhou et al., 2020b). The scientific community has so far
focused on pathophysiological mechanisms and symptoms
related to the acute phase of the infection. More than 2 years
into the pandemic, attention is shifting to the post-acute
symptoms (Augustin et al., 2021).

Long-COVID-19 or post-COVID-19 syndrome has not yet
been fully defined: fatigue, headache, dyspnoea, and cognitive
deficits are among the symptoms more frequently reported
(Cares-Marambio et al., 2021; Lopez-Leon et al., 2021; Shah
et al,, 2021; Yong, 2021). A clear temporal definition of what
should be considered as “long-COVID” has been similarly
debated. A recent review (Yong, 2021) referred to long-COVID-
19 as symptoms lasting longer than 3 months from acute
infection. A central nervous system (CNS) involvement has
been postulated, considering the reported neurotropism of the
virus for the CNS (Alomari et al., 2020). In fact, an inflamma-
tory reaction and microvascular damage (Cosentino et al.,
2021) seem to be the major determinants in the genesis of
neuropsychiatric symptoms. As a further confounding factor,
cognitive and psychiatric abnormalities are frequently
described in post-intensive care syndrome (PICS), challenging
a correct etiological diagnosis (Needham et al., 2012). We refer
the reader to Fig. 1 for a summary of long-term symptoms
occurring after the COVID-19 infection, their different tem-
poral definitions, and the overlap with PICS.

Few studies have systematically assessed post-COVID-19
cognitive deficits (see for example, Hampshire et al., 2021). A
recent systematic review (Ceban et al., 2021) highlighted the
presence of fatigue and cognitive impairment as the most
common and debilitating symptoms experienced 12 weeks
following a COVID-19 diagnosis. In particular, 22% of patients
experienced cognitive impairment, assessed by a brief cogni-
tive screening (e.g., Montreal Cognitive Assessment, MoCA;
Pilotto et al., 2021), telephone interviews (Miyazato et al.,
2020), or an online survey (Orru et al., 2021). However, as
most studies did not ascertain the presence of cognitive
impairment prior to the COVID-19 diagnosis, it is unclear to
what extent outcomes are linked to the COVID-19 infection
itself. Another review (Badenoch et al.,, 2022) highlighted
cognitive impairments persisting at 6 months from COVID-19
diagnosis in 20.2% of the patients as well as anxiety (19.1%)
and posttraumatic stress (15.7%).

Despite rising evidence, a clear picture of the cognitive al-
terations after COVID-19 infection is missing. Characterizing
the post-COVID-19 pattern of cognitive impairments and their
frequency will contribute to a better understanding of its
pathophysiology. The final aim is to set up appropriate care
and rehabilitation pathways.

Toward this goal, we aimed to answer the following
research questions:

1. Which are the most frequent and severe cognitive sequelae
of post-COVID-19 infections?

2. Are there any clinical/psychological factors more often
associated with post-COVID-19 cognitive impairments?

Possible concurrent Post Intensive Care Syndrome (PICS)®

Brain (cognitive) symptoms: Decreased memory; difficulty talking; forgetfulness; poor concentration and problem solving
Affective symptoms: Depression; anxiety; PTSD; decreased motivation
Physical symptoms: Muscle weakness; fatigue; decreased mobility; difficulty breathing
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Fig. 1 — Long-Covid symptoms. 1: Davis et al., 2021; 2: Lopez-Leon et al., 2021; 3: Yong, S. J., 2021; 4: Evans et al., 2021;
5: Neetham et al., 2012.
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3. Have different admission settings (e.g., intensive care unit
[ICU], general ward, home recovery) led to different
cognitive outcomes?

Considering the high heterogeneity of the studies’ designs,
the assessment tools adopted, and the cognitive domains
evaluated, we deemed a scoping review the best-suited tool to
answer our research questions.

2. Method

We followed the guidelines by Levac and colleagues (Levac
et al,, 2010) and the Preferred Reporting Items for Systematic
reviews and Meta-Analysis Extension for Scoping Reviews
checklist (PRISMA-ScR; Tricco et al., 2018).

2.1. Eligibility criteria
Inclusion criteria included the following:

i) Full-length, peer-reviewed, original research articles writ-
ten in English, published between December 1, 2019 and
February 21, 2022.

ii) Studies enrolling people with a confirmed molecular
diagnosis of COVID-19 and assessed with standardized
neuropsychological assessment tools

We excluded single case studies, animal studies, studies
including people with preexisting neurological, cognitive, and
respiratory conditions not related to COVID-19, and those not
meeting the inclusion criteria (see Appendix).

2.2. Data sources and search strategy

Two authors (MB, LC) independently conducted a systematic
search on post-COVID-19 cognitive sequelae on Scopus,
PubMed/MEDLINE, and PsycInfo. Databases were consulted by
using the following agreed keywords, combined with the
following boolean operators (AND/OR): (COVID-19 OR SARS-
CoV-2) AND (Cognitive impairment OR Neuropsychological
impairment OR Cognitive assessment OR Neuropsychological
assessment OR Cognitive dysfunctions).

Records were then filtered based on text availability, pub-
lication date (December 1, 2019—February 21, 2022), human
species, and English language.

Detailed search queries for PubMed are provided in the
Appendix.

The electronic database search was supplemented by
screening the reference lists of the included studies and
relevant reviews. Results were exported in the MENDELEY
bibliographic software package, where duplicates were
removed.

2.3. Study selection
To increase consistency, two reviewers (MB and LC) inde-

pendently screened the same initially identified studies and
made a first selection based on titles and abstracts. After

removing the duplicates, three reviewers (MB, LC, and MR)
carried out a full-text examination of the remaining studies. A
fourth reviewer (ADF) revised studies in case of disagreement
on data extraction or inclusion.

2.4. Quality assessment

We jointly established six ad hoc quality criteria by adapt-
ing the already published criteria for systematic reviews
(Taborri et al., 2018) and scoping reviews (Rubega et al,
2021):

1. The aim(s) of the study was/were clearly stated.

2. Selection bias: Participants' inclusion and exclusion
criteria were clearly described.

3. Performance bias: (1) The data collection process was
precisely detailed and reliable; (2) neuropsychological test
scores were corrected by age and education; and (3) a
control group was present.

4. Detection bias: The outcomes reported were topic relevant.

5. Results presentation: The neuropsychological test scores
were correctly and completely reported (i.e., mean, me-
dian, and standard deviation [SD]).

6. Statistical approach: (1) Appropriate statistics were per-
formed; (2) a clear description of the adopted statistics was
provided; and (3) a sufficient number of subjects were
included.

We assigned each item a score ranging from 0 to 2 (0 = not
meeting the criteria, 1 = partially meeting the criteria, 2 = fully
meeting the criteria). We summed the single item scores for
each study, resulting in a final quality score from 0 to 12. We
excluded studies receiving a score lower than 60% (<7) of the
maximum possible score (12; see Table 1).

2.5. Charting of data

All of the reviewers jointly developed an ad hoc form by
adapting the one proposed in the Cochrane Handbook for
Systematic Reviews (see Appendix) to extract variables rele-
vant to the research question.

In the first part of the extraction form, we reported the
general identifying information of each study (journal, first
author, year, title, publication type, and a short description of
each study's content).

The second part includes the eligibility form based on
participants, methodology characteristics, and the assess-
ment of variables of interest.

We eventually charted eligible studies, filling out the third
part of the extraction form, which comprises the following:

1. Study characteristics: Diagnosis/ Treatment/ Recovery
setting/ Clinical characteristics related to COVID-19/
Studies' inclusion and exclusion criteria/ Neuropsycho-
logical assessment tests/ Reported results of interests/
Confounders

2. Trial characteristics: Sample size/ Number of excluded
participants/ Recruitment method/ Setting of the assess-
ment/ Trial design/ Number of groups
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Table 1 — Quality assessment.

Study

Aim of the work

Selection Bias
Inclusion/Exclusion Criteria

Detection Bias
Outcomes

Performance Bias/Data
collection/processing

Results presentation

Statistical approach

Quality
score (Max.12)

The research Participants' 1. Data collection is  Outcomes are NPSY-test 1. Statistical
question is inclusion and clearly described and topic-relevant scores procedures
clearly stated exclusion criteria reliable are clearly performed are clearly
are clearly 2. NPSY scores are reported described
defined corrected 2. Sufficient number
3. Control group of subjects
Aiello et al. (2022) 2 0 1 (lack of control group) 2 2 2 9
Albu et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Alemanno et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Almeria et al. (2020) 2 2 1 (lack of control group) 2 2 2 11
Bonizzato et al. (2022) 2 2 1 (lack of control group) 2 2 2 11
De Lorenzo et al. (2020) 2 2 1 (lack of control group) 1 0 2 8
Del Brutto et al. (2021) 2 2 2 2 1 2 11
Di Pietro et al. (2021) 2 2 1 (lack of control group) 2 2 1 10
Frontera et al. (2021) 2 2 1 (lack of control group) 1 2 2 10
Graham et al. (2021) 2 1 (exclusion criteria not defined) 1 (lack of control group) 2 2 2 10
Groiss (2020) 1 1 (exclusion criteria not defined) 1 (lack of control group) 1 2 0 6
EXCLUDED
Heyns et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Hosp et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Jaywant et al. (2021) 2 2 1 (lack of control group) 2 1 2 10
Matos et al. (2021) 2 2 1 (lack of control group) 2 1 1 9
Mattioli et al. (2021) 2 1 (exclusion criteria not defined) 2 2 2 2 11
Mattioli et al. (2022) 2 1 (exclusion criteria not defined) 1 (lack of control group) 2 2 2 10
Mazza et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Miskowiak et al. (2021) 2 2 2 2 2 2 12
Morin (2021) 2 2 1 (lack of control group) 1 0 1 7
EXCLUDED
Negrini et al. (2021) 2 2 1 (lack of control group) 2 2 0 9
Ortelli et al. (2021) 2 1 (exclusion criteria not defined) 2 2 2 1 10
Pirker-Kees et al. (2021) 2 2 2 2 2 1 11
Pistarini et al. (2021) 2 2 1 (lack of control group) 2 2 2 11
Raman et al. (2021) 2 2 2 1 1 2 10
Versace et al. (2021) 2 1 (exclusion criteria not defined) 2 2 2 1 10
Zhou et al. (2020a) 2 2 2 2 2 2 12
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3. Participant characteristics: Number of participants/ Mean
or median age/ Ethnicity (%)/ Gender (%)

3. Results

The search retrieved 922 studies; the first selection based on
titles and abstracts led to 76 record inclusions. After removing
duplicates, 51 studies were screened. We excluded a total of 26
studies for the following reasons: 15 were not full-text but
peer-reviewed studies; 5 did not use standardized neuropsy-
chological assessment tools; 3 did not report cognitive out-
comes; 2 did not reach the agreed quality cutoff; and 1

included participants with previous history of neurological
and respiratory conditions.

Finally, 25 studies were included. Fig. 2 reports the full
selection procedure.

We grouped the outcomes of the 25 included studies ac-
cording to the cognitive domains assessed: general measures
of cognitive impairment, memory, attention, executive func-
tions, language, and visuo-spatial abilities. Working memory
was classified as a memory function by most of the included
articles; thus, we reported data on working memory tests in
the memory section.

For each domain, we summarized the global number of
studies assessing each cognitive domain, the assessment
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Fig. 2 — Flow Chart of the selection procedure.
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methods, the number of studies finding impairments, and
comparisons between the cognitive scores of differently
treated COVID-19 groups (i.e., ICU admitted, non-ICU
admitted, and home recovery).

Not all studies clearly differentiated cognitive scores
related to each recovery setting. Thus, we summarized the
cognitive patterns without recovery settings (Fig. 3) and with
subgroups’ specific cognitive scores, whenever data were
provided (Fig. 4).

We considered cognitive domains to be impaired when the
mean or median scores of the tests resulted under the
normative values or if the overall percentage of cognitively
impaired subjects was at least 50% of the evaluated sample.

The cognitive scores for each study, divided by cognitive
domains, are summarized in the Supplementary Material
(Table S1).

3.1. Study characteristics

Included studies (n = 25) were heterogeneous in terms of
research designs (i.e., 9 cross-sectional, 9 longitudinal, 3 case
series, 2 retrospective, 1 prospective observational, and 1
cohort study), assessment tools, and assessed cognitive
functions (Table 2).

Participants’ cognitive evaluations were conducted at
different times since symptoms onset; that is, most of the
studies (17/25) reported data related to the first 3 months,
whereas the other 8 studies reported data within the first 4
(Mattioli et al., 2021, 2022; Miskowiak et al., 2021), 6 (Aiello
et al, 2022; Albu et al, 2021; Graham et al., 2021) and
6 + months (Del Brutto et al., 2021; Frontera et al., 2021) from
acute infection.

3.2. Demographic variables (sex and age)

Males were generally more affected (n males = 1067; 55%).
Considering admission settings, males were more frequently
admitted to the ICU (n males = 100; 79.36%), and females were
more frequently admitted to other medical wards (non-ICU, n
females = 352; 55, 26%; Supplementary Material, Fig. F1). Six
studies did not specify age in relation to the recovery setting

Cognitive Brief Screening | (8 ] ' ' i ' ' ! i

(Almeria et al., 2020; Frontera et al., 2021; Jaywant et al., 2021;
Ortelli et al., 2021; Raman et al., 2021; Zhou et al., 2020a).

The mean age of participants ranged from 42.57 + 7.23
(Matos et al., 2021) to 79 + 8 (Pirker-Kees et al., 2021), yet in the
majority of studies the mean age was 60 (Supplementary
Material, Fig. F2). Five studies reported only median age,
respectively: 47.86 (26—65; Mattioli et al., 2021), 54 (43.8—62;
Albu et al., 2021), 57 (48—67; De Lorenzo et al., 2020), 68 (55—77;
Frontera et al., 2021), and 72 (58—86; Heyns et al., 2021).

3.3. COVID-19-related cognitive impairment

3.3.1.  Brief cognitive screening

Brief cognitive screening was administered in 19 of the 25
studies through the Montreal Cognitive Assessment (MoCA),
Mini Mental State Examination (MMSE), Screen for Cognitive
Impairment in Psychiatry - Danish version (SCIP-D), the Brief
Assessment of Cognition in Schizophrenia (BACS), and the
Brief Memory and Executive Test (BMET). Thirteen studies
detected significant cognitive impairments compared to
normative scores. When performed, subitem analysis high-
lighted the cognitive deficits of executive functions
(Alemanno et al.,, 2021; Hosp et al., 2021; Mazza et al., 2021,
Pistarini et al.,, 2021), immediate recall, working memory
(Alemanno et al., 2021; Hosp et al.,, 2021; Miskowiak et al.,
2021), and attention (Hosp et al., 2021; Negrini et al., 2020).

Participants admitted to ICU performed on average under
the normality cutoff in 3 of the 6 studies (mean and SD of
the MoCA score of 31 participants: 21.65 + 5.23 [Alemanno
et al. (2021) reported normality cutoff = 26]; mean and SD of
the MMSE global score of three ICU admitted participants:
23.06 + .53 [Negrini et al. (2020) reported normality cutoff = 24];
one study reported only the percentage of patients under
cutoff [Jaywant et al., 2021]).

Non-ICU-admitted subjects were assessed in a higher
proportion of studies (11/19), showing cognitive impairment
in 7 studies (Alemanno et al., 2021; Bonizzato et al., 2022;
Heyns et al.,, 2021; Hosp et al., 2021; Jaywant et al., 2021,
Miskowiak et al., 2021; Pirker-Kees et al., 2021).

Few studies compared cognitive scores between COVID-19
subgroups or contrasted with healthy controls (HC). Non-ICU-
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Fig. 3 — Frequencies of COVID-19-related cognitive impairments. Red dots represent the number of studies reporting
cognitive impairments for each cognitive domain over the total number of studies assessing the given domain.
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Fig. 4 — Frequencies of COVID-19-related cognitive impairments according to recovery setting. Blue dots represent the
number of studies reporting cognitive impairments in ICU-admitted persons, while green dots represent the number of
studies reporting cognitive impairments in non-ICU-admitted persons.

admitted participants treated with a Venturi mask performed
worse than those receiving mechanical ventilation (p = .024;
Alemanno et al., 2021). In another study, COVID-19 subjects
with associated neurological symptoms performed worse at
cognitive assessment than those without (p = .03; Frontera
et al., 2021). No significant differences were found between
persons who recovered in a non-ICU ward or at home (p = .26;
De Lorenzo et al., 2020), as well as between a non-ICU COVID-
positive group and a post-COVID-19 group (MMSE p = .22,
MoCA and p = .35; Pistarini et al., 2021).

When compared to HC groups matched by age, sex, and
education, COVID-19 groups scored significantly worse
regardless of the treatment settings: non-ICU vs HC, p = .01
(Miskowiak et al., 2021) and p = .042 (Pirker-Kees et al., 2021).
This also included participants admitted to a general ward vs
HC, p < .001 (Ortelli et al., 2021).

3.3.2.  Memory
Memory was assessed in 10 studies as immediate recall,
delayed recall (Aiello et al., 2022; Albu et al., 2021; Almeria
et al., 2020; Bonizzato et al., 2022; Di Pietro et al., 2021; Hosp
et al,, 2021; Mattioli et al., 2021; Mattioli et al., 2022; Zhou
et al., 2020a), and working memory (Albu et al., 2021;
Bonizzato et al., 2022; Almeria et al., 2020; Di Pietro et al., 2021;
Graham et al., 2021; Hosp et al., 2021; Zhou et al., 2020a).
Short-term memory, assessed with the Digit Span Forward
test (WAIS-III), Rey Auditory Verbal Learning Test (RAVLT),
Test de Aprendizaje Verbal Espana-Complutense (TAVEC),
Hopkins Verbal Learning Test- Revised (HVLT-R), and brief
story test (immediate recall) revealed no impairments, neither
as global scores (Almeria et al., 2020; Hosp et al., 2021; Zhou
et al., 2020a) nor dividing groups according to the setting

(Albu et al., 2021; Bonizzato et al., 2022; Mattioli et al., 2021,
2022), with the exception of finding early recall deficits in the
brief story test (Di Pietro et al., 2021; mean and SD z-scores:
—.58 + 1.1; normality cutoff < —2).

Long-term memory, assessed with the RAVLT, TAVEC,
HVLT-R, the Babcock Memory Test, SPART, CVLT-delay,
OVMT-delay, and brief story test delayed recall, resulted to
be impaired in 2 of the 8 studies (Aiello et al., 2022; Albu et al.,
2021; Almeria et al., 2020; Bonizzato et al., 2022; Di Pietro et al.,
2021; Hosp et al., 2021; Mattioli et al., 2021, 2022). Specifically,
one study (Di Pietro et al., 2021) found a delayed recall
impairment in the brief story test (mean and SD z-scores:
.24 + 1.60; normality cutoff < —2), and the other reported 7/14
non-ICU participants performing below 1.5 SD from normality
in the HVLT-R delayed recall test (Hosp et al., 2021).

Working memory was evaluated with the Digit Span
Backward test and the NIH list sorting working memory test
(Albu et al., 2021; Almeria et al., 2020; Di Pietro et al., 2021;
Graham et al., 2021; Hosp et al., 2021; Zhou et al., 2020a). Two
of the 7 studies found impaired working memory: 1 reported
that 6 of the 15 participants performed below 1.5 SD from
normality in the Digit Span Backward test (Hosp et al., 2021),
and 1 found significantly impaired scores in the list sorting
memory test (from the National Institutes of Health [NIH]
Toolbox v2.1 instrument) of the COVID-19 group, as compared
to a normal population sample (median value: 43 [37.5—48.75],
p = .007; Graham et al., 2021).

Memory subitem scores of the MoCA, MMSE, and SCIP-D
revealed impairment mainly in the late recall of previously
presented words: one study reported a significantly impaired
sub-score of the MoCA (mean and SD: 1.92 + 1.70; max score: 5;
Hosp et al., 2021), another reported that the ICU-admitted
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Table 2 — NPSY test.

Cognitive Domains

NPSY test

Articles N

Brief-cognitive
screening

Memory

Attention

MoCA

MMSE

SCIP-D
BACS
BMET
RAVLT

Digit Backward

Digit Forward

Brief story test (Anna Pesenti)

HVLT-R

TAVEC

NIH (List sorting working memory test)
CVLT

OVLT

SPART

Babcock Memory Test

TMT-A

SDMT

NIH (attention test)
Vigilance and Navon Tasks
CPT

TEA

Aiello et al. (2022) 12
Alemanno et al. (2021)

Bonizzato et al. (2022)

De Lorenzo et al. (2020)

Del Brutto et al. (2021)

Frontera et al. (2021)

Heyns et al. (2021)

Hosp et al. (2021)

Matos et al. (2021)

Ortelli et al. (2021)

Pirker-Kees et al. (2021)

Pistarini et al. (2021)

Aiello et al. (2022) 9
Alemanno et al. (2021)
Bonizzato et al. (2022)
Di Pietro et al. (2021)
Matos et al. (2021)
Mattioli et al. (2021)
Mattioli et al. (2022)
Negrini et al. (2021)
Pistarini et al. (2021)
Miskowiak et al. (2021)
Mazza et al. (2021)
Jaywant et al. (2021)
Albu et al. (2021)
Bonizzato et al. (2022)
Albu et al. (2021) 6
Almeria et al. (2020)

Bonizzato et al. (2022)

Di Pietro et al. (2021)

Hosp et al. (2021)

Zhou et al. (2020a)

Albu et al. (2021) 5
Bonizzato et al. (2022)
Di Pietro et al. (2021)
Hosp et al. (2021)
Zhou et al. (2020a)

Di Pietro et al. (2021)
Hosp et al. (2021)
Almeria et al. (2020)
Graham et al. (2021)
Mattioli et al. (2021)
Mattioli et al. (2022)
Bonizzato et al. (2022)
Aiello et al. (2022)
Almeria et al. (2020)
Bonizzato et al. (2022)
Di Pietro et al. (2021)
Hosp et al. (2021)
Zhou et al. (2020a)
Bonizzato et al. (2022) 3
Hosp et al. (2021)
Zhou et al. (2020a)
Graham et al. (2021)
Ortelli et al. (2021)
Zhou et al. (2020a)
Mattioli et al. (2021)

NN

[0, [ NN N N Y

[N

(continued on next page)
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Table 2 — (continued)
Cognitive Domains

NPSY test

Articles N

EF Phonemic/Semantic Verbal Fluency Test

FAB

TMT-B

Stroop Test

CDT

Tower of London

COWA

NIH (Dimensional change card sort test/Inhibitory control)

Language BNT
Visuo-Spatial Rey-Osterrieth complex figure

Visual reproduction of the Wechsler Memory Scale

Corsi Test

Albu et al. (2021) 5
Almeria et al. (2020)

Bonizzato et al. (2022)

Di Pietro et al. (2021)

Hosp et al. (2021)

Bonizzato et al. (2022) 5
Di Pietro et al. (2021)

Negrini et al. (2021)

Ortelli et al. (2021)

Versace et al. (2021)

Almeria et al. (2020) 5
Bonizzato et al. (2022)

Di Pietro et al. (2021)

Hosp et al. (2021)

Miskowiak et al. (2021)

Almeria et al. (2020) 4
Bonizzato et al. (2022)

Hosp et al. (2021)

Ortelli et al. (2021)

Di Pietro et al. (2021) 2
Matos et al. (2021)

Di Pietro et al. (2021) 3
Mattioli et al. (2021)

Mattioli et al. (2022)

Mattioli et al. (2021) 2
Mattioli et al. (2022)

Graham et al. (2021) 1
Almeria et al. (2020) 1
Di Pietro et al. (2021) 3
Mattioli et al. (2021)

Mattioli et al. (2022)

Almeria et al. (2020) 1
Bonizzato et al. (2022) 1

MoCA: Montreal Cognitive Assessment; MMSE: Mini Mental State Examination; SCIP-D: Screen for cognitive impairment in psychiatry Danish
version; BACS: Brief Assessment of Cognition in Schizophrenia; RAVLT: Ray Auditory Verbal Learning Test; HVLT-R: Hopkins Verbal Learning
Test- Revised; TAVEC: Test de Aprendizaje Verbal Espana-Complutense; TMT: Trail Making Test; CDT: Clock Drawing Task; SDMT: Symbol Digit
Modality Test; CPT: Continuous Performance Test; NIH: National Institutes of Health Toolbox v2.1 instrument;CVLT: California Verbal Learning
Test; OVLT: Oral Verbal Learning Test; SPART: Spatial Recall Test; TEA:Test for Examination of Attention; FAB:Frontal Assessment Battery;
COWA: Controlled Oral Word Association by categories; BNT: Boston Naming Test; BMET: Brief Memory and Executive Test.

group performed better than non-ICU-admitted group (MoCA
p = .005; MMSE p = .017; Alemanno et al., 2021), and a third
reported that 3/3 ICU participants demonstrated impairment
in immediate recall based on the MMSE score.

In the only study adopting the SCIP-D (Miskowiak et al.,
2021), severe memory impairments emerged in the subitems
of the verbal learning test (VLT mean + SD: 19.9 + 4.2; expected
score based on age, sex and education: 22.1 + 1.2) and working
memory test (WM mean + SD: 18.2 + 4.2; expected score based
on age, sex and education: 19.9 + .7) in a sample of non-ICU-
admitted subjects.

Differences between ICU- and non-ICU-admitted partici-
pants did not have a significant result, with the only exception
of Alemanno et al. (2021), who found that ICU-admitted par-
ticipants scored significantly better than non-ICU-admitted
ones in the delayed (p = .005) and immediate recall (p = .001)
subitems of the MoCA and words recall subitem of the MMSE
(p = .017). The few studies comparing COVID-19 groups to HC
led to contradictory evidence, with one paper reporting
significantly worse scores in the COVID-19 group for both

verbal learning memory (p = .003) and working memory
(p = .04; Miskowiak et al., 2021) and 2 studies reporting no
difference (p = .843, Zhou et al., 2020a; p < .05, Mattioli et al.,
2021).

3.3.3. Attention

Attention was evaluated in 12 studies, of which 7 reported
impairments (Alemanno et al., 2021; Bonizzato et al., 2022;
Graham et al.,, 2021; Hosp et al., 2021; Negrini et al., 2021,
Ortelli et al., 2021; Zhou et al., 2020a).

The 4 studies using attention-specific neuropsychological
tests found significant impairments, specifically the following:
one reported the median scores of the attention subitem of the
NIH Toolbox in a group of COVID-19 participants to be signifi-
cantly different from the test's normative values (median: 41.5
(37—48.25), p < .001; Graham et al., 2021). Another study using
the Navon task (NT) to test divided and selective attention
found lower reaction times in the COVID-19 group (mean + SD
in COVID-19 group: 1327.1 + 525.3 vs mean + SD in HC group:
850.3 + 144.2, p < .046) and higher error rates (mean + SD in
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COVID-19 group: 3.8 + 1.2% vs mean + SD in HC group 1.2 + .3,
p < .00; Ortelli et al., 2021). The same was found with the per-
centage of errors of a vigilance task (mean + SD in COVID-19
group: 3.2 + 1 vs mean =+ SD in HC group: .9 + .2, p > .001;
Ortelli et al., 2021). A third study, assessing sustained and se-
lective attention (the continuous performance test, CPT) re-
ported a higher rate of missing trials compared to HC (CPT part
2, COVID-19 group's mean and SD of missing number:
41.54 + 2.90 ys HC: 39.59 + 2.31, p = .006; CPT part 3, COVID-19
group's mean and SD of missing number: 40.38 + 3.10 vs HC:
38.45 + 2.13, p = .002) and a lower number of correct trials (CPT
part 3, COVID-19 group's mean and SD of missing number:
6.34 +2.50us HC: 8.21 + 1.90, p = .008; Zhou et al., 2020a). Lastly,
one study reported an impairment in 5/8 patients in the Symbol
Digit Modality Test (SDMT; Bonizzato et al., 2022). None of these
studies reported results by COVID-19 recovery setting.

The remaining three studies reported subitem scores
related to the attention subdomains of theMoCA, MMSE, and
BACS, as well as highlighted all attention deficits (Alemanno
et al,, 2021; Hosp et al., 2021; Negrini et al., 2020).

Alemanno et al. (2021) were the only researchers to
perform a comparison between ICU- and non-ICU-admitted
subjects, reporting better scores in the attention subitems of
the MMSE and MoCA for the ICU group compared to the non-
ICU group, respectively (MMSE p = .03 and MoCA p = .016).

3.3.4. Executive functions
Executive functions (EFs) were frequently assessed, with 8 of
the 16 studies reporting cognitive impairments.

Most studies assessed EFs with specific neuropsychological
tests (see Table 2). Among these, 4 studies revealed significant
deficits: one found the time score of the Trail Making Test Part
B (TMT-B) of non-ICU-admitted groups to be higher than a
matched HC group (mean time and SD of COVID-19 group:
116.2 + 65.0 sec us HC: 80.6 + 18.7 sec; p = .002; Miskowiak et al.,
2021). Another study reported impaired performance of the
non-ICU-admitted COVID-19 subjects compared to HC in the
Stroop test (mean percentage of errors and SD in COVID-19
group: 4.6 + .8 us HC: 1.2 + .3; p < .001; mean time and SD in
COVID-19 group: 969.4 + 152.1 vs HC: 802.1 + 122.0; p = .015), as
well as in the Frontal Assessment Battery (FAB; mean total
score and SD in COVID-19 group: 12.3 + 2.3 us HC: 16.7 + 1.2;
p = .001; Ortelli et al., 2021). The FAB global score was also
impaired in the third study (Versace et al., 2021), reporting that
12/12 non-ICU-admitted subjects performed under the
normality cutoff. Lastly, one study reported 5/7 subjects with
mild COVID-19 performing under the normality cutoff (mean
and SD: 5 + 2.94; max score: 10; cutoff: 9) during the clock
drawing test (Matos et al., 2021).

Three studies compared ICU- and non-ICU-admitted
groups, reporting confounding results: one found the non-
ICU-admitted group scoring to be worse than the ICU-
admitted group in the abstraction subdomain of the MoCA
(p = .024; Alemanno et al., 2021); another reported worse
performance of the ICU group in the Tower of London test
compared to the non-ICU group (p = .003; Mattioli et al., 2022);
and the last did not report differences in a verbal fluency task
(Albu et al., 2021).

3.3.5. Language and visuo-spatial abilities

Language and visuo-spatial abilities were less tested, with just
one study specifically assessing language (Almeria et al., 2020)
and 5 specifically assessing visuo-spatial abilities (Almeria etal.,
2020; Bonizzato et al., 2022; Di Pietro et al., 2021; Mattioli et al.,
2021, 2022). The other 3 studies indirectly assessed these func-
tions with the language and visuo-spatial subitems of general
assessment screening tests (the MMSE and MoCA; Alemanno
etal., 2021; Hosp et al., 2021; Pistarini et al., 2021).

Language was found to be impaired in the subitem scores
of the MMSE in the COVID-19 group treated with a Venturi
mask, as compared with the ICU group (p = .024; Alemanno
et al,, 2021). Another study found lower language sub-scores
of the MMSE and MoCA for the COVID-19 group compared
with the group of post-COVID-19 subjects (respective means,
SD and p-values of the COVID-19 group and controls in the
MMSE: 6.83 + 1.50 vs 7.80 + .52, p = .02; MoCA: 1.55 + .99 vus
2.40 + .68, p = .01; Pistarini et al., 2021). The only study spe-
cifically assessing language by means of the Boston Naming
Test failed to find significant impairments, reporting that only
2.9% of the COVID-19 group performed under the normality
cutoff (Almeria et al., 2020).

Five studies specifically assessed the visuo-spatial abilities
by administering the visual reproduction of the Wechsler
Memory Scale, the Rey—Osterrieth Complex Figure (copy), and
the Corsi Test, and none of which found relevant deficits
(Almeria et al., 2020; Bonizzato et al., 2022; Di Pietro et al., 2021,
Mattioli et al., 2021, 2022). In a study analyzing MoCA visuo-
spatial subitems, the mean score of a sample of non-ICU-
admitted subjects revealed impaired function (mean, SD:
2.50 + 1.34//max score: 4; Hosp et al., 2021).

3.4.  COVID-19-related clinical and psychiatric
symptoms

Clinical conditions associated with a post-COVID-19 infection
were detected in all of the included studies. Most of the
observed symptoms were respiratory and neurological ones.
Specifically, 12 studies reported respiratory conditions
following COVID-19 and 17 neurological disorders persisting
over 1 month from acute infection. In Tables 3 and 4, we
summarized for each study the number of subjects affected by
each clinical condition.

Renal and cardiovascular symptoms were reported as well
but less consistently (Supplementary Material, Table S2).

Fourteen of the 25 included studies assessed the presence
of psychiatric conditions related to post-COVID-19 syndrome.

Eleven studies assessed the presence of depression (Albu
et al, 2021; Alemanno et al, 2021; Almeria et al.,, 2020;
Bonizzato et al., 2022; Del Brutto et al., 2021; Frontera et al., 2021;
Heyns et al., 2021; Mattioli et al., 2021; Mazza et al., 2021; Ortelli
etal.,2021; Pistarinietal., 2021) by means of the Hospital Anxiety
and Depression scale (HADS), Anxiety and Depression short
scale (AD-R), Hamilton Rating Scale for Depression (HRSD),
Neuropsychiatric Inventory (NPI), and Beck Depression In-
ventory (BDI). Three of these reported mild symptoms of
depression (BDIscore: 3.05+4.55in Mazzaetal., 2021;3.8 +2.9in
Ortellietal., 2021; HRSD score: 8.05 + 5.601in Pistarini et al., 2021).


https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1016/j.cortex.2022.06.002

222

CORTEX 154 (2022) 212—230

Table 3 — Respiratory conditions COVID-19-related.

Respiratory conditions COVID-related Papers

N° affected N° affected N° affected subjects

subjects/ subjects_ICU/ non_ICU/
Tot Tot_ICU Tot_non_ICU
ARDS Albu et al. (2021) 6/30 6/16 0/14
Negrini et al. (2021) 9/9 5/5 4/4
Mattioli et al. (2022) 43/215 43/52 0/163
Pneumonia Albu et al. (2021) 24/30 16/16 8/14
Bonizzato et al. (2022) 6/12 0/0 6/12
Di Pietro et al. (2021) 9/12 4/7 5/6
Pulmonary embolism Albu et al. (2021) 4/30 4/16 0/14
Mattioli et al. (2022) 7/215 7/52 0/163
Raman et al. (2021) 7/58 NA NA
Cough Almeria et al. (2020) 31/35 NA NA
Mattioli et al. (2021) 1/120 0/0 1/120
Raman et al. (2021) 35/58 NA NA
Breathing difficulties/shortness of breath Raman et al. (2021) 51/58 NA NA
Almeria et al. (2020) 33/35 NA NA
Graham et al. (2021) 17/50 0/0 0/0
COPD De Lorenzo et al. (2020) 2/185 NA 2/126
Dyspnea De Lorenzo et al. (2020) 58/185 NA 40/126
Mattioli et al. (2021) 13/102 0/0 13/102
Tachypnoea De Lorenzo et al. (2020) 41/185 NA 33/126
Asthma Miskowiak et al. (2021) 10/29 0/0 10/29
Hypoxia/hypoxemic respiratory failure Jaywant et al. (2021) 50/56 NA NA

ARDS: Acute Respiratory Distress Syndrome; COPD: Chronic Obstructive Pulmonary Disease.

Anxiety was assessed with the HASD, AD-R, State-Trait
Anxiety Inventory (STAI-Y), and General Anxiety Disorder
(GAD-7) in 9 studies (Albu et al., 2021; Bonizzato et al., 2022; De
Lorenzo et al., 2020; Frontera et al., 2021; Heyns et al., 2021,
Mattioli et al., 2021; Mazza et al., 2021; Raman et al., 2021; Zhou
etal., 2020a), of which 2 detected significant symptoms (HASD
score: median: 6 (4—10) for Albu et al., 2021; GAD score:
4.28 + 4.05 for Zhou et al., 2020a).

Of the 3 studies evaluating the presence of posttraumatic
stress disorder (PTSD) respectively with the Davidson Trauma
Scale (DTS), the PTSD checklist for DSM-5 (PCL-5), and the
Impact of Event Scale (IES-R; De Lorenzo et al., 2020; Mazza
et al., 2021; Pistarini et al., 2021), only one found significant
impairment (IES-R score: 15.90 + 14.43 for Pistarini et al., 2021).

The single study evaluating the presence of obsessive-
compulsive disorders due to COVID-19 failed to find signifi-
cant results (OCI score: 14.04 + 11.71 for Mazza et al., 2021).
Psychiatric symptoms were reported only in the non-ICU
admitted group.

4, Discussion

This review highlights the existence of cognitive impairment
in people with a previous COVID-19 infection. The small
number of studies on this topic, marred by clinical and
methodological heterogeneity, prevented the definition of a
clear-cut cognitive impairment pattern. However, based on
the available evidence, we could answer our three research
questions.

First, we aimed to characterize the cognitive sequelae of a
post-COVID-19 infection. Most of the included studies

assessed cognitive functions by means of brief cognitive
screens (i.e., the MMSE and MoCA): subitem scores analyses
highlighted a major contribution of memory, attention, and
executive functions in determining the under-normality
threshold global scores. This general trend is confirmed by
studies adopting domain-specific assessment tools. Delayed
recall and learning tasks were more affected among memory
functions, whereas impairments in immediate recall and
working memory were less consistent. Sustained and divided
attention, as well as abstraction and inhibition, were
frequently impaired. Language and visuo-spatial abilities
seemed to be less affected, but this finding may be biased by
the few studies focusing on these domains and by inaccurate
testing. Overall, the predominant emerging profile is
compatible with a mild executive dysfunction syndrome
(Ardila & Lahiri, 2020). Executive function disturbances have
been documented in association with a diversity of psychiat-
ric and neurological pathologies, including dementia, trau-
matic head injury, depression, and other conditions
characterized by diffused brain abnormalities (Ardila & Lahiri,
2020). Seventeen of our 26 included studies reported neuro-
logical symptoms persisting after COVID-19, suggesting a CNS
involvement. The wide range of neurological manifestations
associated with a COVID-19 infection (e.g., anosmia, stroke,
paralysis, cranial nerve deficits, encephalopathy, seizures)
and the associated cognitive decline might be related to brain
inflammatory reaction, hypoxic-ischemic damage or micro-
bleeding/microvascular damage; a direct neurotropism of the
virus seems less likely but cannot be excluded (Alomari et al.,
2020; Cosentino et al., 2021; Karnik et al., 2021). A similar
excessive inflammatory response (the so-called “cytokine
storm”) is reportedly associated with other systemic
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Table 4 — Neurological conditions COVID-19-related.

Neurological conditions

Papers

N° affected

N° affected

N° affected subjects_

COVID-related subjects/ subjects_ICU/ non_ICU/
Tot Tot_ICU Tot_non_ICU
CIP/CIM Albu et al. (2021) 3/30 3/16 0/14
Frontera et al. (2021) 7/196 NA NA
Ortelli et al., 20212 6/12 NA 6/12
Versace et al., 2021 ?
CIP/CIM + Spinal epidural hematoma Albu et al. (2021) 1/30 1/30 0/14
Brain Stroke Albu et al. (2021) 4/30 4/30 0/14
Bonizzato et al. (2022) 4/12 0/0 4/12
Frontera et al. (2021) 21/196 NA NA
Ortelli et al., 20212 1/12 0/0 1/12
Versace et al., 20212
Encephalopathy Albu et al. (2021) 2/30 2/30 0/14
Frontera et al. (2021) 102/196 NA NA
Ortelli et al., 20212 3/12 0/0 3/12
Versace et al., 20212
Anosmia Alemanno et al. (2021) 18/87 Not specified Not specified
Almeria et al. (2020) 20/35 NA NA
Mattioli et al. (2021) 23/120 0/0 23/120
Ortelli et al., 2021* 6/12 0/0 6/12
Versace et al., 20212
Pirker-Kees et al. (2021) 6/7 0/0 6/7
Raman et al. (2021) 26/58 NA NA
Graham et al. (2021) 27/50 0/0 0/0
Hosp et al. (2021) 25/29 NA 25/29
Myalgias Almeria et al. (2020) 30/35 NA NA
Mattioli et al. (2021) 11/120 0/0 11/120
Ortelli et al., 20212 3/12 0/0 3/12
Versace et al., 20212
Graham et al. (2021) 30/50 0/0 0/0
Dysgeusia Almeria et al. (2020) 20/35 NA NA
Mattioli et al. (2021) 13/120 0/0 13/120
Ortelli et al., 20212 1/12 0/0 1/12
Versace et al., 20212
Raman et al. (2021) 29/58 NA NA
Hosp et al. (2021) 29/29 0/0 29/29
Graham et al. (2021) 32/50 0/0 0/0
Myasthenia Di Pietro et al. (2021) 1/12 1/7 0/5
Delirium Negrini et al. (2021) 1/9 0/4 1/5
Di Pietro et al. (2021) 2/12 2/7 0/5
Neuropathy Frontera et al. (2021) 15/196 NA NA
Di Pietro et al. (2021) 1/12 1/7 0/5
Seizures Frontera et al. (2021) 21/196 NA NA
Matos et al. (2021) 1/7 NA NA
Negrini et al. (2021) 2/9 0/4 2/5
Movement disorders” Frontera et al. (2021) 15/196 NA NA
Graham et al. (2021) 3/50 0/0 0/0
Heyns et al. (2021) 71/86 22/25 49/61
Mattioli et al. (2021) 1/120 0/0 1/120
Mattioli et al. (2022) 2/215 0/52 2/163
Guillain Barre Syndrome Frontera et al. (2021) 3/196 NA NA
Mattioli et al. (2022) 2/215 2/52 0/163
Ortelli et al., 20212 2/12 0/0 2/12
Versace et al., 20212
Neglect Ortelli et al., 20212 1/12 0/0 1/12
Versace et al., 20212
Hosp et al. (2021) 1/29 0/0 1/29
Cranial nerve dysfunctions Hosp et al. (2021) 3/29 0/0 3/29
Numbness Graham et al. (2021) 29/50 0/0 0/0
Dizziness Graham et al. (2021) 29/50 0/0 0/0
Mattioli et al. (2021) 1/120 0/0 1/120
Blurred vision Graham et al. (2021) 9/50 0/0 0/0
Hearing Loss Mattioli et al. (2021) 2/120 0/0 2/120

(continued on next page)


https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1016/j.cortex.2022.06.002

224 CORTEX 154 (2022) 212—230

Table 4 — (continued)

Neurological conditions Papers

N° affected N° affected N° affected subjects_

COVID-related subjects/ subjects_ICU/ non_ICU/
Tot Tot_ICU Tot_non_ICU

Tinnitus Graham et al. (2021) 12/50 0/0 0/0

Dysarthria Graham et al. (2021) 2/50 0/0 0/0

Aphasia Graham et al. (2021) 1/50 0/0 0/0

Memory difficulties® Mattioli et al. (2021) 8/120 0/0 8/120

Attention difficulties® Mattioli et al. (2021) 14/120 0/0 14/120

EEG abnormalities Del Brutto et al. (2021) 2/52 NA NA

Temporal/Spatial Confusion Matos et al. (2021) 5/7 NA NA

CIP/CIM: Critical Illness Polyneuropathy/Critical Illness Myopathy.
@ Same cohort.

b Frontera: not specified movement disorders; Graham: self-reported abnormal movements; Mattioli: Tremor; Heyns: Five time sit to stand test

below cut-off or impossible to perform.
¢ Self-reported cognitive difficulties.

perduring symptoms. Additionally, brain imaging studies in
people with COVID-19 revealed structural and functional ab-
normalities in the olfactory cortices, amygdala, hypothala-
mus, insula, entorhinal cortex, anterior cingulate cortex,
hippocampus, and prefrontal cortex (Najt et al., 2021), all
anatomical regions related with memory and executive al-
terations as well as with the reported affective symptoms.

Given this evidence on COVID-19-related CNS alterations
and their prevalence, some authors specifically referred to
neuro-COVID-19 instead of using the expression “long-COVID,”
which encloses a broader set of symptoms (Akbarialiabad et al.,
2021; Chiappelli, 2020; Greenhalgh et al., 2020).

Our second aim was to identify possible psychological/
psychiatric factors associated with post-COVID-19 cognitive
impairments. We found depression and anxiety to be the most
prevalent psycho-affective conditions. Both ICU and non-ICU
COVID-19 survivors are likely to experience psychological
distress (Cai et al., 2020; Egede et al., 2022), which in most
severe cases may lead to PTSD (e.g., Kaseda & Levine, 2020;
Nagarajan et al., 2022), depression, and anxiety (Parker et al,,
2021). This raises the question about whether the observed
cognitive alterations can be related to psychiatric or psycho-
affective conditions rather than substantial cognitive im-
pairments. We cannot a priori exclude psychiatric factors as
determinants of the reported cognitive sequelae in post-
COVID-19. Also, the limited duration of follow-up in the
retrieved studies prevents the definition of the natural history
of this disturbance: PTSD may persist up to 12 months from
hospital discharge (Parker et al., 2015), and this also includes
depression (Jackson et al., 2014), which may be observed in
some cases up to 5 years (Adhikari et al., 2011), and anxiety
(Hopkins et al., 2010; Mikkelsen et al., 2012; Myhren et al,,
2010). Long-term follow-up studies are needed to monitor
the eventual evolution pyscho-affective symptoms after a
COVID-19 infection.

Lastly, we wondered if different admission settings (e.g.,
intensive care unit, general ward, home recovery) could have
led to different cognitive outcomes. We could not derive any
conclusion on home-recovered people, as only one study re-
ported cognitive data in this subgroup. We gathered scarce
evidence of differences between ICU- and non-ICU-admitted
groups in cognitive and clinical post-COVID-19 symptoms

because of the paucity of studies comparing the two groups.
Apparently, non-ICU-admitted groups reported more frequent
impairments compared to ICU-admitted groups, although this
finding may be biased by the higher number of studies
enrolling from non-ICU medical wards.

ICU admission is a relevant variable when considering
cognitive dysfunctions. Indeed, according to some authors,
what is currently termed “long-COVID” can rather be referred
to as PICS (Mahase, 2020). PICS is a common condition
affecting people after a prolonged stay in ICU, characterized
by persisting physical, cognitive, and emotional difficulties
(LaBuzetta et al., 2019). Major risk factors for PICS include the
duration of delirium in ICU, hypoxia, respiratory failure
requiring prolonged mechanical ventilation, acute respiratory
distress syndrome (ARDS), and preexisting cognitive impair-
ment (Rawal et al.,, 2017). These conditions can eventually
manifest in people with a COVID-19 infection.

Attention, executive functions, visual and working mem-
ory, and visuo-spatial skills are the main affected domains
that highly overlap with post-COVID-19 ones (Jackson et al,,
2003; 2007; Mikkelsen et al, 2012). Thus, the well-
documented contribution of PICS to cognitive deficits (Rawal
et al., 2017) can mask an eventual independent contribution
of a COVID-19 infection in determining the cognitive deficits
observed in those admitted to the ICU.

We could also not rule out the contribution of depression
and anxiety on cognitive performance itself. Indeed, the as-
sociation between depression and anxiety with cognitive
deficits, especially on tasks of episodic memory, working
memory, attention, and executive functioning, is well known
(Dotson et al., 2014). We found a higher incidence of depres-
sion and anxiety in the non-ICU-admitted group, which
included those who also emerged as more cognitively affected
after COVID-19. These affective symptoms could have
impacted the non-ICU-admitted group's cognitive perfor-
mances, masking again the eventual contribution of COVID-19
on the resulting cognitive outcome.

In light of the many uncertainties still surrounding cogni-
tive impairments in a long-COVID-19 syndrome, clinicians
must take into account the multifaceted genesis of these
deficits and build upon this knowledge to provide the best care
and limit these impairments.
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5. Limitations

This review has several limitations. First, literature on this
topic is still restricted and characterized by methodological
heterogeneity, which prevents a precise extraction of a
COVID-19 cognitive profile. The majority of studies enrolled
small and scarcely selected samples. Second, most of the
included studies did not report cognitive test scores but per-
centages of impaired subjects, not always distinguishing be-
tween COVID-19 subgroups. Thus, we could not adequately
analyze differences in cognitive consequences between ICU
and non-ICU hospitalized people.

Moreover, the use of brief cognitive screeners, such as the
MoCA and MMSE, may provide only general information of
domain-specific impairments that require further investiga-
tion through domain-specific tasks. In addition, 2 of the
included studies adopted brief cognitive screening tests orig-
inally developed and validated to assess patients with psy-
chiatric disorders, and one study employed a telephone-
administered version of the MoCA.

Lastly, the included studies did not equally assess cognitive
and psycho-affective domains, hampering the disentangling
of their mutual relationship in determining the final cognitive
outcome.

Our review also has methodological limitations: we used
an arbitrary cutoff of 50% of participants with an impairment
domain to consider the function affected. This may have
created a reporting bias, thus increasing the frequency of
impairments.

6. Conclusion

We reviewed the existing evidence on long-term cognitive
sequelae after a COVID-19 infection, characterized by a
pattern of memory, attention, and executive function im-
pairments. Whether these cognitive symptoms are a direct
consequence of CNS involvement during the acute infection
or a reactive distress syndrome due to hospitalization and/or
pandemic isolation remains to be clarified. Further studies,
with bigger samples and comprehensive neuropsychological
and psychiatric assessment batteries, are needed to disclose
long-term COVID-19 consequences and link them to their
neurophysiological and neurobiological substrate.
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Appendix

1. PubMed search strategy.

Search number Query Results
1 (COVID-19[MeSH Terms]) OR (SARS-CoV-2[MeSH Terms]) 145,442
2 ((((cognitive impairment [MeSH Terms]) OR (neuropsychological 208,66

impairment [MeSH Terms])) OR (cognitive assessment [MeSH Terms]))
OR (neuropsychological assessment [MeSH Terms]))
OR (cognitive dysfunction [MeSH Terms])

3 #1 AND #2

382
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2. Data extraction form.

Data extraction form

ORGANISATIONAL ASPECTS EX IN
REF ID Reviewer, Date Checked by
Author, Year
Journal/Source Study ID NR/
Country of origin
Publication type Full text/Abstract/Book chapter/internal progress report other (please
specify)
Fate Decision pending/Check references/Use for discussion/EX without
listing/EX with listing/Other (please specify)
Notes/Short description
CURRENT STATUS: (NAME OF REVIEWER + DATE)
Question to author
Status verified with study investigators or sponsors: Yes/No
Enter name of the source (e.g., PI, sponsor, etc.)
Contact address:
Eligibility Form.
Eligibility form: Inclusion criteria
Factors Assessment Comments

Article characteristics

1. Did the study undergo a full peer
review?

2. Is it a single case study?

3. Is it an animal study?

4. Is it written in English?

Participants

Were participants diagnosed with COVID-
19 infection?

Were participants diagnosed with other
neurological or respiratory disorders in
comorbidity?

Methodology

Were participants tested with
standardized neuropsychological tests?

Outcomes

Did the study report cognitive outcomes?

FINAL DECISION

YES NO UNCLEAR
YES NO UNCLEAR
YES NO UNCLEAR
YES NO UNCLEAR
YES NO UNCLEAR

YES NO UNCLEAR

YES NO UNCLEAR

YES NO UNCLEAR
YES NO

If NO — exclude
If YES — exclude
If YES — exclude
If NO — exclude

If NO — exclude

If YES — exclude

If NO — exclude

If NO — exclude

REASONS FOR EXCLUSION FROM REVIEW

Article type
Methods

Population
Outcomes
Other
None

No full-length article/Animal study/Single case study/Review/No English

language

Observational evaluations/Questionnaires/Not standardized
neuropsychological tests
Infection other than COVID-19 and comorbidities

No cognitive dysfunctions assessed

INCLUDED



https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1016/j.cortex.2022.06.002

CORTEX I54 (2022) 212—230 227

Eligibility form: Study characteristics

STUDY CHARACTERISTICS

Diagnosis
Treatment/Recovery

Clinical characteristics related to COVID-19

Inclusion criteria
Exclusion criteria
Neuropsychological test
used

Reported
results
Confounders

ICU recovery

No ICU recovery

Home recovery

Other:

ARDS (assisted ventilation)

peripheral neurological deficits due to COVID-19
delirium

myocardial dysfunction

renal failure

other

MoCA

MMSE

FAB

Stroop

Symbol Digit
Trail Making Test
Digit span

15 Rey

Other

Medications

TRIAL CHARACTERISTICS

Sample size

Number of excluded subjects
Recruitment method

Setting of assessment

Trial Design

Length of follow-up
Time of cognitive assessment from symptoms' onset
Number of groups

hospital/home/unclear/NR

longitudinal

cross-sectional

retrospective

case control

®)

From till_

0—3 months/3—6 months/from 6 months/unclear/unspecified

BASELINE CHARACTERISTICS OF PATIENTS

Number of subjects
Age

mean/+

median/+
Ethnicity

No. %

Gender

No. %

+
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