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ABSTRACT

Introduction: COVID-19 has a wide range of clinical manifestations. Neurological manifes-
tations in COVID-19 patients were demonstrated during the pandemic, including cognitive
impairment. This study aimed to determine any relationship between COVID-19 and
cognitive complaints, such as dementia, mild cognitive impairment (MCI), or subjective
cognitive decline (SCD).
Methods: We performed a systematic review of MEDLINE via Ebsco, Cochrane EMBASE,
SCOPUS, and LILACS electronic databases of observational studies with COVID-19 patients
confirmed by serology or PCR who developed new cognitive impairment or deteriorated
from previous cognitive impairment after infection. This review protocol was recorded on
PROSPERO with registration number CRD 42021241590.
Results: A total of 3.520 articles were retrieved and read. Twenty-two studies were selected
for our review. A wide range of cognitive assessment tools (n = 25) was used. The most
described affected domains in these studies were executive functions, attention, and
episodic memory. Thirteen studies showed a pattern of cognitive impairment in processing
speed, inattention, or executive dysfunction assessed through working memory.
Conclusion: This review highlights the high frequency of cognitive impairment after COVID-
19 infection. However, we were unable to differentiate whether the cognitive impairment
found corresponded to mild cognitive impairment or dementia through data from selected
studies, and this issue serves as one objective of future studies to be addressed on this
topic.

© 2022 Elsevier Ltd. All rights reserved.

Abbreviations: AD, Alzheimer's disease; MoCA, Montreal cognitive assessment; MCI, Mild cognitive impairment.
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1. Introduction

In November 2019, an unknown cause outbreak of pneumonia
in Wuhan, Hubei province, China, began to attract Chinese
health authorities’ attention. COVID-19 was declared a
pandemic by the World Health Organization on March 11,
2020, with high levels of contamination and mortality in
China, Italy, and Spain, and later in other countries (WHO,
2021). COVID-19 has a wide range of clinical manifestations
(Guan et al., 2019). Of note, neurological manifestations in
COVID-19 patients were demonstrated during the pandemic
(Wu et al, 2020). In a study conducted in Wuhan, Hubei
province, 36.4% of the patients presented some neurological
manifestation, with central involvement being more common
(dizziness, headache, altered level of consciousness, stroke,
ataxia, and epilepsy). Also, patients with severe disease were
more likely to develop neurological disorders, especially dis-
orders of consciousness, acute cerebrovascular disease, and
musculoskeletal disease (Mao et al., 2020).

Aside from general neurological manifestations, cognitive
impairment was evaluated in COVID-19 patients. A Chinese
study evaluated the cognition of 29 COVID-19 patients using
digital questionnaires, relating cognitive complaints to high C-
reactive protein levels during the disease's acute phase (Zhou
et al., 2020). Another study evaluated cognitive impairment in
outpatients, using Mini-Mental State Evaluation (MMSE),
Montreal Cognitive Assessment (MoCA), Hamilton Rating
Scale for Depression, and Functional Independence Measure
(FIM), finding 80% of cognitive impairment (Alemanno et al,,
2021). Moreover, different cognitive presentations have been
described, such as encephalopathy associated with severe
conditions (Delorme et al., 2020) and akinetic mutism associ-
ated with frontal hypometabolism (Cani et al., 2021).

Regarding cognitive manifestations pathophysiology, a
more severe neurological manifestations in patients with
APOE 4 allele of Apolipoprotein E has been described
(Lumsden et al., 2020). This association is significant since the
same allele confers a higher risk of sporadic Alzheimer's dis-
ease (AD) (Poirier et al., 1993).

The growing population aging over the past few decades
has been associated with increased cognitive disorders. Data
from Alzheimer's Disease International (ADI) report 46.8
million people living with dementia worldwide in 2015. This
number is estimated to be around 74.5 million in 2030 and
131.5 million in 2050. Alzheimer's disease is the most common
form of dementia and accounts for 50—70% of dementia cases
(Prince et al., 2015). The prevalence of mild cognitive impair-
ment (MCI) is 12—18% among adults over 65 years of age, and
the annual progression rates from MCI to AD are 10—15% (Ding
etal., 2015). Neuropathological alterations of amnestic MCI are
intermediate between normal individuals and those with
Alzheimer's disease, involving tau protein neurofibrillary
tangles, beta-amyloid deposits, and neurodegeneration. Also,
a minor injury burden emerges when MCI represents a stage
before AD, which is theoretically susceptible to medicating
action (Petersen et al., 2006). Besides these conditions, sub-
jective cognitive decline is a condition before MCI and a
possible dementia precursor. It represents individuals with
cognitive complaints without objective evidence of cognitive

impairment (Jessen et al., 2014). Therefore, it is crucial to
identify whether COVID-19 possible neurologic lesions are
associated with more significant cognitive impairment.

This study aimed to determine any relationship between
COVID-19 and cognitive complaints, such as dementia, mild
cognitive impairment (MCI), or subjective cognitive decline
(SCD).

2. Methods

We performed a systematic review of observational studies
based on the recommendation from the Cochrane Collabora-
tion (Higgins & Green, 2011). This review protocol was regis-
tered on PROSPERO — International Prospective Register of
Systematic Reviews— under registration number CRD
42021241590.

2.1. Search strategy

The search strategy will be performed to enhance methodo-
logical transparency and improve the reproducibility of the
findings, following the PRISMA checklist (Moher et al., 2015).
This systematic review study included six stages: 1 — formu-
lating the central research question (theme identification);
Step 2 — defining the inclusion and exclusion criteria and
literature search; Step 3 — categorizing primary studies
(defining data to be extracted from the selected studies); Step 4
— assessing the studies included; Step 5 — interpreting results;
6 — performing knowledge synthesis of the results obtained
from the studies assessed (Jackson, 1980; Mendes et al., 2008;
Whittemore & Knafl, 2005).

Additionally, we used the PICo method (Population; Inter-
est; Context) acronym (Miller, 2001), where “P” is the study
population (patients with confirmed COVID-19); “I” is the in-
terest evaluated (cognitive impairment); and “Co” is the
context (risk of developing cognitive impairment). Then, we
elaborated the guiding question of this review to ensure sci-
entific literature systematic search: “Do COVID-19 patients
develop greater cognitive impairment?”.

Studies were retrieved from five electronic bibliographic
databases: MEDLINE via Ebsco, Cochrane Central Register of
Controlled Trials (CENTRAL), Excerpta Medica database
(EMBASE), SCOPUS, and Latin American and Caribbean Health
Sciences Literature (LILACS), from inception until March 30,
2021. No restriction regarding the publication date was
considered in this systematic review. No filters were used in
order to find as many results as possible, leaving this filtering
for a later decision. The reference section of the included
studies was considered for additional relevant studies. The
search strategy consisted only of crucial terms according to a
pre-established PICo acronym. Two researchers (JWLTJ and
ACCS) carried out a search strategy in all databases indepen-
dently. Also, bibliographic software EndNote (https:/www.
myendnoteweb.com/) was used to store, organize, and
manage all the references and ensure a systematic and
comprehensive search.

First of all, we identified the existence of specific subject
headings index in each database (such as MeSH terms, Emtree
terms, and DeCS-Health Science Descriptors) and their
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synonyms (keywords). The natural language was used with
controlled language (descriptors) to expand search results
(Aratdjo, 2020; Siddaway et al., 2019). The search terms were
combined using the Boolean operators ‘AND’ and ‘OR’ (Nunes
et al., 2018).

2.2. Study selection

We included studies with COVID-19 patients confirmed by
serology or PCR who developed new cognitive impairment or
worsened from previous cognitive impairment after infection.
There was no restriction regarding age, previous disease,
gender, or ethnicity. Inclusion criteria were articles in English,
and COVID-19 confirmed by serology or PCR with new or
deteriorated cognitive impairment with detailed cognitive
evaluation. Exclusion criteria were studies focusing on psy-
chiatric manifestations, guidelines, and institutional pro-
tocols. Regarding the study design, we included prospective or
retrospective and cross-sectional studies. This systematic re-
view had no restrictions concerning the settings of the target
population.

2.3. Screening and data extraction

Initially, two researchers independently conducted a database
search and sent it to the Mendeley reference manager to
exclude duplicate documents. After duplicates exclusion, two
independent investigators (JWLTJ and ACCS) screened the
studies from their titles and abstracts information. Any
disagreement ensued a new evaluation of the article and, if
disagreement persisted, a third reviewer (PBN) would make a
final decision. The resulting studies were evaluated according
to eligibility criteria. Then, articles were read in their entirety
using the same previous procedure. Study selection results
were reported using PRISMA Flowchart. A standardized form
was used for data extraction once achieving consensus on
selected studies. Information extracted included country,
author, year, objectives, study design, the prevalence of
cognitive impairment in selected studies, primary results,
median age, sample size and type, time of evaluation from
COVID-19 onset, and the cognitive and functional assessment
instruments used for diagnosis.

2.4. Qualitative synthesis

For the qualitative synthesis of the systematic review, the
analyzes will follow three steps: 1) preliminary synthesis of
the included studies, from the identification of their charac-
teristics, their clinical contexts, the tools used to measure
cognitive decline and the cognitive results found; 2) explora-
tion of the relationships between study data, identifying those
that work with similar instruments and outcomes or even
different instruments dealing with similar outcomes; 3) and
evaluation of the robustness of the synthesis, which includes
criticism about the methodological quality of the included
studies and how this quality influences the results of the
primary studies (Popay et al., 2006).

In addition, we dicotomized studies between those that
included acute and subacute phase patients (<12 weeks from
COVID-19 onset) from those that evaluated cognitive

impairment after this phase (>12 weeks from COVID-19
onset), in order to differentiate COVID-19 acute and sub-
acute from chronic effects on cognition (Nalbandian et al,,
2021).

At the end of the synthesis process, the analysis of the
relationships within and between the studies described led to
an overall assessment of the strength of the available evi-
dence to draw conclusions based on a narrative synthesis
(Popay et al., 2006). Display data matrices were developed in
the form of tables to present the results of the systematic re-
view. Heterogeneity was qualitatively explored in the organi-
zation of the analysis process, considering methodological
similarities and differences between the included studies.

2.5. Risk of bias in individual studies

Cochrane Collaboration Risk of Bias Tool was employed to
classify the included studies’ risk of bias, considering the
following domains: inadequate patient selection and inclu-
sion; controlling for confounding factors; blinding of in-
vestigators and outcome evaluators; incomplete outcome
data. Risk of bias was thus classified as low, high, or unknown
» http://handbook-5-1.cochrane.org/.

3. Results

Fig. 1 shows the flowchart of the study selection process ac-
cording to the PRISMA guidelines. A total of 3,520 articles were
retrieved and read. Twenty-two studies were selected for our
review. Sixteen studies included patients in COVID-19 acute
and subacute phases and 6 involved only patients after 12
weeks of onset.

Table 1 describes the studies assessed. Sample sizes
ranged from 14 to 195 participants. The studies were con-
ducted in 10 countries, and most of them were from Italy
(27.7%) and Germany (18.8%). Median age ranged from 36.2
years (SD = 11.7) (Amalakanti et al., 2021) to 67.23 years
(SD = 12.89) (Alemanno et al., 2021). Regarding the type of
studies found, 63.6% were cohort, 31.9% were cross-sectional,
and 4.5% were case—control.

Different types of samples were found. Most involved
hospitalized or discharged patients (81.8%), while the others
evaluated only outpatients never hospitalized due to COVID-
19 (18.1%).

Not all studies cited the frequency of cognitive impair-
ment. In the studies cited in Table 1, cognitive impairment
varied from 2.6% (Monti et al., 2021) to 81% (Jaywant et al,,
2021). In studies after 12 weeks, cognitive impairment varied
from 21% (Del Brutto et al., 2021) to 65% (Ferrucci et al., 2021;
Miskowiak et al., 2021).

A wide range of cognitive assessment tools (n = 25) were
used. Of note, the Montreal Cognitive Assessment (MoCA) was
the most frequently used (50.0%). In addition, the frontal
assessment battery and the mini mental state examination
(MMSE) were used in only 2 studies each. In the case of the
MMSE, in one of the studies a telephone version was used.
Another battery used by telephone in a study was the Modified
Telephone Interview for Cognitive Status (TICS-M). Studies
that detailed education showed participants with high
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via EBSCO

Central

38 articles from LILACS

935 articles from Embase

[ Articles retrieved ]

990 articles from MEDLINE

102 articles from Cochrane

1.746 articles from Scopus

e Records excluded on the
basis of tittles and abstracts
(no COVID-19 testing; other
issues - no neurological
diseases or no cognitive
impairment, cognitive
impairment not evaluated,
did not discriminate
cognitive evaluation utilized
or cognitive outcome, case
series);

e 770 articles from MEDLINE
via EBSCO;

e 102 articles from Cochrane
Central;

19 from MEDLINE via
EBSCO

0 from LILACS
7 from Scopus

28 from Embase

0 from Cochrane Central

38 articles from LILACS;
1.698 articles from Scopus;
882 articles from Embase;
Duplicates: 1.404

Articles excluded
(cognitive impairment not
evaluated, case series)

Studies included in

Eligibili :
Included Screening

qualitative syntheses (n=36)

e 5 articles from MEDLINE
via EBSCO

e 3 from Scopus

e 10 from Embase

Fig. 1 — Flowchart of the study selection process.

education, with only one including patients with less than
eight study years (Woo et al., 2020). Importantly, detailed in-
formation about patients’ education was not available in more
40.9% of studies.

Thirteen of the 22 selected studies used tests that listed the
most affected cognitive domains and described them. The
affected domains most described in these studies were exec-
utive functions, attention, and episodic memory, described
respectively in 9, 7, and 7 studies. All 13 studies showed a
pattern of cognitive impairment in processing speed, inat-
tention, or executive dysfunction assessed through working
memory (Table 3). However, data from selected studies could
not differentiate whether the cognitive impairment found
corresponded to mild cognitive impairment or dementia. The
studies have not evaluated the loss in daily life activities.

Table 4 shows the studies that cite the average scores found
for the MMSE, MoCA and FAB.

Regarding the studies that evaluated patients in the acute/
subacute phases (Table 1), all of them evaluated patients who
were still or previously hospitalized. In comparison, in the
studies that evaluated patients only after 12 weeks (Table 2),
50% included only outpatients subjects. Also, regarding sample
differences, 75% of the studiesin Table 1 included patients who
had been in the ICU at some point, whereas only 16.6% of the
studies in Table 2 had patients admitted to the ICU at some
time. Furthermore, regarding the main objectives, 50% of the
studies in Table 1 had as the main objective to assess cognitive
impairment due to the disease, while 66.6% of the studies in
Table 2 aimed to assess cognitive impairment after 12 weeks of
illness.
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Table 1 — Articles with cognitive assessment before or at 12 weeks of COVID-19 infection.

Authors, Year

Country

Study Design

Primary Study
Objective

Sample type and
evaluation date

Sample Size

Participant Age

Cognitive Assessment
Tool used

Main Results

Jaywant et al. (2021)

Puchner et al. (2021)

Darley et al. (2021)

Alemanno et al.
(2021)

Blazhenets et al.
(2021)

Monti et al. (2021)

Zhou et al. (2020)

United States

Austria

Australia

Italy

Germany

Italy

China

Cross-sectional

Observational
cohort study

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

Cross-sectional

To assess frequency,
severity and profile of
cognitive dysfunction

To explore the
dysfunctions and
outcome of COVID-19
survivors after early
post-acute
rehabilitation

To determine the
prevalence of persistent
symptoms, lung
function, quality of life,
neurocognitive and
olfactory abnormalities
during the recovery
period

To investigate COVID-19
impact on cognitive
functions in disease sub-
acute phase

To assess 18 F-FDG PET
and MoCA performance
in eight selected
patients presenting for a
follow-up in the chronic
stage

To assess the quality of
life of invasively
ventilated COVID-19
ARDS survivors.

To evaluate the impacts
of COVID-19 on
cognitive functions in
recovered patients and
its relationship with
inflammatory profiles

Hospitalized patients;
43.2 (SD = 19.2) days
after initial admission.

Discharged critical or
severe COVID-19
individuals (mean in-
hospital stay of 30 days)

69 days after diagnosis;
IQR, 64—83 days.
Discharged patients

Five to twenty days after
symptoms onset
discharged

37 + 19 days after
COVID-19 symptom
onset; discharged

By phone by a trained
investigator after a
median of 61 (51—71)
days from ICU
discharge.

Did not mention
evaluation time after
Covid; recovered
patients

57 patients

14 patients

78 patients

87 patients

31 patients

39 patients

29 patients and 29
controls

Mean age (SD) 64.5 years
(13.9)

57 (SD = 10) years*

47 years (standard deviation,
16 years)

Mean age 67.23 + 12.89 years

66.00 (14.23) [39—89]

56 + 10.5 years

Patients (47.00 + 10.54 years)
and controls (42.48 + 6.94
years)

Brief Memory and Executive

Test (BMET)

Logical Memory I & II of
Wechsler Memory Scale-IV
(WMSIV), subtest of the
verbal and visual memory
test (VVM) and test of
attentional performance
(TAP)

CogState Cognitive Test
Battery

MoCA, MMSE

MoCA

MMSE telephone version

iPad-based online
neuropsychological tests,
including the Trail Making

Test (TMT), Sign Coding Test

(SCT), Continuous
Performance

Test (CPT), and Digital Span

Test (DST)

81% had cognitive
impairment, ranging
from mild to severe.
Deficits in working
memory (55%), set-
shifting (47%), divided
attention (46%), and
processing speed (40%).
29% with cognitive
deficits of
concentration, memory
and/or executive
functions

Cognitive impairment
no dementia in 8
patients (10.25%)

80% with cognitive
impairment

8 patients with cognitive
impairment and FDG-
PET alteration detected
and included

1 (2.6%) with cognitive
impairment

CPT - COVID-19 patients
had a lower correct
number CPT 2 and CPT 3
compared with the
controls (9.83 + 1.93 vs
8.21 + 1.90).

(continued on next page)
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Table 1 — (continued)

Authors, Year

Country

Study Design

Primary Study
Objective

Sample type and
evaluation date

Sample Size

Participant Age

Cognitive Assessment
Tool used

Main Results

Hellmuth et al.
(2020)

Hosp et al. (2021)

Almeria et al. (2020)

Versace et al. (2021)

United States

Germany

Spain

Italy

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

Cross-sectional

To present early findings
on reported cognitive
symptoms in an
observational cohort of
SARS-CoV-2 in recovery.
To comprehensively
characterize the
neurological sequelae of
COVID-19 in the
subsample of patients
affected severely
enough to require
inpatient treatment.

To evaluate the impact
of COVID-19 on
neurocognitive
performance.

To explore, with TMS,
the activity of the main
inhibitory intracortical
circuits within the
primary motor cortex
(M1) in a sample of
patients complaining of
fatigue and presenting
executive dysfunction
after resolution of
COVID-19

At least 14 days from
symptom onset,
Recovered patients;
Outpatient and previous
hospitalized patients
<30 days symptom
onset; Hospitalized
patients

10 and 35 days from
hospital discharge

Discharged patients, 9
—13 weeks from disease
onset

100 patients

29 patients, with 26
completed MoCA and 15
extensive
neuropsychological
testing

39 patients

12 patients; 10 controls.

41 years (IQR range: 36—55)

ok

65.2 (14.4) *

476 (8.9)

67 + 9.6 patients

Questionnaire about
deterioration or new
concentration, memory, or
thinking complaint

MoCA (26);

Extensive
neuropsychological testing
(Hopkins verbal learning
revised (HVLT-R), Trail
Making Test, Stroop test,
Digit span and Fluency) (15)

Test de Aprendizaje Verbal
Espana-Complutense
(TAVEC) with three lists for
the Learning, Interference
and Recognition to assess
verbal memory; Visual
Reproduction of the
Wechsler Memory Scale —IV
(WMSIV), Digits forward and
Backward, Letter and
Numbers, Trail Making Test
A and B (TMT), Symbol Digit
Modalities Test (SDMT),
Stroop, Phonemic and
Semantic fluency and
Boston Naming

FAB

20 reported cognitive
complaints

MoCA test,

14 (54%) were mild to
moderately impaired
(MoCA 18-25) and four
(15%) were severely
impaired (MoCA 10—17).

Pathological scores (PT _

30) were seen in TAVEC-
12 [5.7%)),

TAVEC-5 (2 [5.7%]),
TAVECTotal (1 [2.9%)]),
TAVEC-B (2 [5.7%)),
TAVEC-IMR (1 [2.9%]),
TAVEC-IMRSC (2 [5.7%)),
TAVEG-DER (2[5.7%)),
TAVEC-DFRSC (3 [8.6%)),
TAVEC-REC (2 [5.7%]),
Inverse Digits (3 [8.6%]),
TMT-A (1 [2.9%]), TMT-B
(3 [8.6%]), SDMT (2
[5.7%]), Stroop Color (1
[2.9%)]), Stroop
Interference (1 [2.9%)]),
Semantic

Fluency (2 [5.7%]),
Phonemic Fluency (4
[11.4%]), FCRO copy

(1 [2.9%]), BNT (1 [2.9%]).
Diminished executive
functions, as
documented by
abnormal scores
corrected for age and
education on the FAB
(122 +.7)

8
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Ortelli et al. (2021)

Woo et al. (2020)

Méndez et al. (2021)

Ermis et al. (2021)

De Lorenzo et al.
(2020)

Italy

Germany

Spain

Germany

Italy

Cross-sectional

Cross-sectional

Cross-sectional

Prospective cohort

Retrospective and
prospective cohort

To provide a
comprehensive clinical,
neurophysiological, and
neuropsychological
profile of fatigued
patients suffering from
neurological
manifestations related
to SARSCoV-2, who
recovered from the
acute phase of COVID-
19.

To detect cognitive
deficits in 18 young
patients without
diagnosed cognitive pre-
conditions after
recovery from COVID-19
and discovered
widespread sub-clinical
deficits.

To evaluate
neurocognitive function,
psychiatric symptoms
and QoL in COVID-19
survivors shortly after
hospital discharge.

To investigate the
spectrum of symptoms

To investigate whether
COVID-19 leaves behind
residual dysfunction,
and identify patients
who might benefit from
post-discharge
monitoring.

Discharged patients, 9
—13 weeks from disease
onset

11 discharged non-ICU
patients (61%), 6
outpatients (33%) and 1
patient did not seek
medical care (6%); 20
—105 days from disease
onset

Discharged patients by
telephone 1-3 months
from onset

Hospitalized in-house
patients.

31.9% Discharged from
ED 68.1% had been
hospitalized Patients
were assessed after a
median IQR] time from
hospital discharge of 23
[20—29] days

12 patients, 12 controls

18 patients; 10 controls

179 patients

53 total patients; 13
patients with cognitive
evaluation

185 patients

67 + 9.6 patients
64.3 + 10.5 controls

Patients - mean, 42.2 years;
SD, 14.3 years;
Controls - mean, 38.4 years;
SD, 14.4 years.

57 [49; 67] (Median [1st, 3rd
quartile])

Median age 63 years IQR 54
—73 years) *

57 (48; 67)

MoCA, FAB, computerized
attentive tasks: Vigilance
Task (VT), Stroop
Interference Task (SIT),
Navon Task (NT)

Modified Telephone
Interview for Cognitive
Status (TICS-M)

Verbal learning —
immediate, and delayed
memory subtests from the
Subtest Screen for Cognitive
Impairment in Psychiatry
(SCIP), animal naming test
(ANT) from the Controlled
Oral Word Association Test
(COWAT) for semantic
verbal fluency and the
subtest Digit Span backward
from the Wechsler Adult
Intelligence Scale, Third
Edition (WAIS-III) for
working memory

MoCA

MoCA

Patients X Controls;
Montreal Cognitive
Assessment (MoCA) 17.8
(5.3) X 26.8 (3.1);

Frontal Assessment
Battery (FAB) 12.3 (2.3) X
16.7 (1.2);

SD in brackets

Post-COVID-19 patients
scored significantly
lower results in the
TICS-M (mean, 38.83;
range, 31—46) compared
to healthy controls
(mean, 45.8; range, 43
—50) (Fig. 1A), especially
regarding short-term
memory, attention and
concentration/language
tasks

Immediate verbal
memory - 38% moderate
and 11.2% severe
Impairment;

Delayed memory - 11.8%
moderate and 2.8%
severe; Semantic verbal
fluency - 34.6%
moderate and 8.4%
severe; Working
memory - 6.1%
moderate and 1.1%
severe; Overall, 58.7%
moderate and 18.4%
severe neurocognitive
impairment.

cognitive impairment
(61.5%); deficits
primarily in executive
function, attention,
language and delayed
recall

47 (25.4%) cognitive
impairment

(continued on next page)
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Table 1 — (continued)

Authors, Year

Study Design

Primary Study
Objective

Sample type and
evaluation date

Sample Size

Participant Age

Cognitive Assessment
Tool used

Main Results

Soldati et al. (2021)

Leth et al. (2021)

Mazza et al. (2021)

van den Borst et al.
(2021)

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

To evaluate TICS’ utility
to screen cognitive
dysfunction in severe
COVID patients.

To inform the duration
of symptoms after the
initial phase of COVID-
19, including
hospitalized and
nonhospitalized
patients.

To study
psychopathological and
neurocognitive impact
of COVID-19 in survivors
three-month after
clinical recovery.

To comprehensively
assess health domains
in patients from acute
COVID-19.

Discharged patients; 43
—136 days after from
discharge.

Discharged patients <12
weeks after discharge.

Discharged patietns in
an ambulatory
evaluation 3 months
after discharge.

Discharged and non
hospitalized patients 3
months after recovery.

23 patients

49 patients

130 patients were

cognitive
evaluated.

124 patients
(97 discharged patients).

Mean age 53.6 + 11.7 years.

Median age (IQR) 58 years (48
-73)

mean age 58.5 + 12.8, age
range from 26 to 87 years*
total sample

Age, mean (SD), years
59 (14)

TICS

Orientation, memory, and
concentration (OMC) test

Brief Assessment of
Cognition in Schizophrenia
(BACS)

Telephone Interview of
Cognitive Status (TICS),
Cognitive Failure
Questionnaire (CFQ)

MCI was detected in 13%
patients.

Impaired OMC test at 6
weeks 8/38 (21%); at 12
weeks 4/38 (11%)

78% of the sample
showed poor
performances in at least
one cognitive domain,
with executive functions
and psychomotor
coordination being
impaired in 50% and 57%
of the sample.

Problems in mental and/
or cognitive function
were found in 36% of
patients.

Animal naming test (ANT) from the Controlled Oral Word Association Test (COWAT), Brief Memory and Executive Test (BMET), Brief Repeatable Battery of Neuropsychological Tests (BRB-NT),
Cognitive Failures Questionnaire (CFQ), Continuous Performance Test (CPT), Digital Span Test (DST), Frontal Assessment Battery (FAB), Hopkins verbal learning revised (HVLT-R), Logical Memory I & II
of Wechsler Memory Scale-IV (WMSIV), Mini-Mental State Examination (MMSE), Modified Telephone Interview for Cognitive Status (TICS-M), Montreal Cognitive Assessment (MoCA), Navon Task (NT),
Screen for Cognitive Impairment in Psychiatry Danish Version (SCIP-D), Sign Coding Test (SCT), Stroop Interference Task (SIT), Subtest of the verbal and visual memory test (VVM), Subtest Screen for
Cognitive Impairment in Psychiatry (SCIP), Symbol Digit Modalities Test (SDMT), Test de Aprendizaje Verbal Espana-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test
(TMT), Vigilance Task (VT), Visual Reproduction of the Wechsler Memory Scale—IV (WMSIV), Wechsler Adult Intelligence Scale Third Edition (WAIS-III), Orientation, memory, and concentration (OMC)
test, Brief Assessment of Cognition in Schizophrenia (BACS).
* Mean age of the total sample (does not discriminate from those who only performed the cognitive assessment).

** Only refers to the mean age of those who reported cognitive symptoms.
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Table 2 — Articles with cognitive assessment after 12 weeks of COVID-19 infection.

Authors, Year Country

Study Design

Primary Study Objective

Sample type and
evaluation date

Sample Size

Participant Age

Cognitive Assessment
Tool used

Main Results

Del Brutto et al. Ecuador

(2021)

Graham et al. (2021) United States

Miskowiak et al. Denmark
(2021)

Amalakanti et al. India
(2021)

Ferrucci et al. (2021) Italy

Rass et al. (2021) Austria

Prospective cohort study

Prospective cohort study

Prospective cohort study

Case control study

Cross-sectional

Prospective cohort

To assess cognitive
decline 6 months after
mild Covid-19.

To characterize the
spectrum of neurologic
manifestations in non-
hospitalized Covid-19
“long haulers”.

To investigate
frequency, pattern and
severity of cognitive
impairments 3—4
months after COVID-19
hospital discharge, their
relation to subjective
cognitive complaints,
quality of life and illness
Variables

To detect MCI in
asymptomatic COVID-19
subjects with MoCA

To study the occurrence
of cognitive
abnormalities in the
months following
hospital discharge.

To assess neurological
manifestations and
health-related Quality of
life (QoL) 3 months after
COVID-19.

Outpatients 6 months
from disease onset

On average at 4.72
months after symptom
onset in the SARS-CoV-
2+ group compared to
5.82 months in the
SARS-CoV-2 group

52 patients; 41 controls.

Mean age of participants was MoCA (compare pre-

62.6 + 11 years

100 ambulatory patients 43.2 (SD-11.3) years*

(50 + e 50-); 36 with
cognitive evaluation

Discharged patients 3—4 29 patients

months after discharge

Outpatients;

Neuropsychological
assessment between 4
and 5 months (Mean _

SD = 4.43 _ 1.22 months)
after hospital discharge.

93 asymptomatic
patients; 102 controls.

38 patients

Discharged patients 102 135 patients

(interquartile range

[IQR], 91-110) days after

disease onset.

56.2 (10.6)

Patients was 36.2 + 11.7 and
that of the controls was

356 +9.38

53.45 (12.64)

Median age was 56 (IQR, 48

—68)

pandemic with post
-pandemic MoCA decay (>4
points)

NIH Toolbox

Screen for Cognitive
Impairment in Psychiatry
Danish Version (SCIP-D),
Trail Making Test- Part B
(TMT-B), Cognitive Failures
Questionnaire (CFQ)

MoCA

Brief Repeatable Battery of
Neuropsychological
Tests (BRB-NT)

MoCA

Cognitive decline in 21%
patients and in 2%
controls

SARS-CoV-2 patients
had significantly worse
attention (median
Tscore 41.5) and working
memory (median T-
score 43);

Using SCIP total scores
>.5 SD as cut-off, a total
of n = 19 (65%) of
patients was classified
as cognitively impaired.

COVID-19 patients
secured lower scores
than controls in the
domains of
visuoperception,
naming and fluency
Fluency .9 +.6 x 1.6 +.7
Visuoperception

2.4+ .7 x 2.8 +.7 Naming
36+.5%x39+02
Cognitive impairment in
60.5% (had obtained
scores below cutoffs in
at least one task of the
BRB-NT)

42.1% had processing
speed deficits, while
26.3% showed delayed
verbal recall deficits.
10.5% showed deficits in
immediate verbal recall
Cognitive impairments
(MoCA) were found in
23% of patients (in
severe

COVID-19 patients 29%,
moderate 30%, mild 3%).

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

Authors, Year

Country

Study Design

Primary Study Objective

Sample type and
evaluation date

Sample Size

Participant Age

Cognitive Assessment
Tool used

Main Results

Crivelli et al. (2022)

Becker et al. (2021)

Pilotto et al. (2021)

Argentina

United States

Italy

Prospective cohort study

Cross-sectional

Prospective cohort study

To describe the cognitive
profile of a cohort of
COVID-19 survivors that
attended a neurological
clinic

To investigate rates of
cognitive impairment in
survivors of COVID-19
who were treated in
outpatient, emergency
department (ED), or
inpatient hospital
settings.

To evaluate general and
neurological
manifestations after 6

months of follow-up and

their potential
relationship with
premorbid conditions
and severity of
respiratory infection.

Outpatients 142 days

from disease onset

Ambulatory or
discharged patients 7.6
months from disease
onset

Discharged patients 6

months from discharge.

45 patients; 45 controls

Total = 740;
Outpatients = 379,
Emergency
department = 165,
Hospital = 196.

105 were evaluated
using a standard
neurological
examination and
cognitive screening.

Mean age of participants was MoCA, Trail Making A, Digit

50 (43—63) years

Mean age 49.0 (14.2) years

64.8 + 12.6 years

Span Forwards, Digit-
Symbol Coding, Craft Story,
Rey Auditory Verbal
Learning Test, Delayed
Recall from the Benson
Figure Test, Trail Making B,

Wisconsin Card Sorting Test,

Stroop Test, phonological
fluency. Benson Figure and
Clock Drawing Test,
Multilingual Naming Test
and semantic fluency

Number Span forward and

backward, Trail Making Test
Parts A and B, phonemic and

category fluency and the
Hopkins Verbal Learning
Test—Revised

MoCA

No significant
differences were found
in the screening
measures (MoCA

p = .15). Significant
differences between
groups were found in
cognitive composites of
memory (p = .016,
Cohen's d =.73),
attention (p < .001,
Cohen's d = 1.2),
executive functions

(p < .001,

Cohen's d = 1.4), and
language (p = .002,
Cohen's d = .87).
Hospitalized patients
more impairments in
attention (odds ratio
[OR]: 2.8; 95%Cl: 1.3-5.9),
executive functioning
(OR: 1.8; 95%CIL: 1.0—3.4),
category fluency (OR:
3.0; 95%CI: 1.7-5.2),
memory encoding (OR:
2.3; 95%CI: 1.3—4.1) and
memory recall (OR: 2.2;
95%CI: 1.3—3.8) than
outpatient group. ED
Patients more impaired
category fluency (OR:
1.8; 95%CI: 1.1-3.1) and
memory encoding (OR:
1.7;95% CI: 1.0-3.0) than
outpatients.

Cognitive deficits in
17.5%.
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Barcelona Test which is
based on the Benton
Temporal Orientation Test,
Digit Span forward, Rey
Auditory Verbal Learning
Test (RAVLT), Digit Span
backward,

PMR task (a Spanish version
of the FAS letter fluency

To characterize
persistent symptoms,
physical, neurological
and respiratory sequelae
and their impact on
daily life activities and
quality of life in post
COVID-19 patients.

Cognitive impairment
was found in 63.3% of
patients, with a similar
profile in both sub-
groups.

Albu et al. (2021) 30 patients total; 16 post 54 (43.8—64.75) years
ICU patients e 14 non-

ICU patients.

Discharged patients 89
—124 days from onset.

Spain Cross-sectional

Gautam et al. (2022)

Frontera et al. (2021) United States

Garcia-Sanchez et
al. (2022)

United Kingdom Retrospectivecase series

Spain

Prospective cohort study

Prospective cohort study

To assess the medium-
term effects of
coronavirus disease
2019 (COVID-19) on
survivors of severe
disease.

To compare global
functional outcomes
between COVID-19
hospital survivors with
and without
neurological
complications using an
ordinal analysis of the
modified Rankins Scale
(mRS).

To analyze the
frequency of deficits for
specific cognitive
domains and to discern
the frequency of single
and multiple-domain
impairments and to
understand which
combinations of deficits
were a specific feature of
post-COVID-19 cognitive
impairment.

Discharged patients 4—7 200 patients
months after disease
onset.

196 cases and 186
controls

Discharged patients 6-
month from infection.
Assessments were
conducted by telephone
interview among case
and control hospital
survivors.

63 patients (33 previous
hospitalized).

Discharged and
outpatients, 187 days
after diagnosis.

task)
Mean age (SD) 56.5 years MoCA

(13.2)

Median Age (IQR)-years Telephone MoCA
Cases 68 (55—77); Controls 69

(57-78).

Mean age of 51.1 years MoCA, CPT-II, RAVLT,
(SD = 12.5; range: 22—78)
and Backward, BNT,

Block Design, Coding,

Symbol Search, TMT, Stroop,
verbal fluency tasks, and the

15-Objects Test

ROCFT, Digit Span Forward

In 12.5% of patients,
some cognitive
impairment was noted,
mainly in concentration
and short-term recall.

(50%) had impaired
cognition (telephone
MOCA<18)

Multiple-domain
impairment (60.3%) was
more frequent than
impairment in only one
domain (39.7%) (p = .02).
Attention deficits were
the most frequent types
of deficits in patients
with single-domain
impairment (19.0%),
significantly exceeding
deficits in EF (p = .01),
ST/WM (p = .001), and
Language (p < .001).
Furthermore, attention
was the cognitive
domain that was most
frequently impaired in
conjunction with other
domains in patients
with multiple-domain
impairment, especially
with Learning and Long-
Term Memory and
Executive Functioning.

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

Authors, Year Country

Study Design

Primary Study Objective

Sample type and Sample Size

evaluation date

Participant Age

Cognitive Assessment
Tool used

Main Results

Valdes et al. (2022)  United States

Walle-Hansen et al.
(2021)

Norway

Vannorsdall et al. United States

(2022)

Prospective cohort study

Prospective cohort study

To investigated the
relationship between
demographics, social
determinants of health
and cognitive outcomes
6-months after
hospitalization for
COVID-19.

To study age related
change in functional
status and mortality
among patients aged 60
years and older after
hospitalisation due to
COVID-19.

Prospective cohort study To characterize post-

acute neuropsychiatric
functioning.

Discharged patients 6-
month from infection.
Assessments were
conducted by telephone
interview.

215 patients.

Discharged patients 6- 106 patients.
month from infection in
an ambulatory

evaluation.

Discharged patients four 82 patients
months after an initial

diagnosis of COVID-19

by telephone interview.

Median Age years (IQR)-
normal Moca patients: 62
years (51—69); abnormal

Moca patients: 68 (57—77).

Mean age was 74.3 years
(range 60—96)

Telephone MoCA

MoCA

Age, mean (sd); range, years Rey Auditory Verbal

54.5 (14.6); 2685

Learning Test (RAVLT),

Oral Trail Making Test parts
A and B, digit span forward
and backward, Phonemic
and semantic verbal fluency,

106/215 [49%] abnormal
t-MoCA results).
Significant univariate
predictors of abnormal
t-MoCA included older
age, <12 years of
education,
unemployment pre-
COVID, Black race, and a
pre-COVID history of
cognitive impairment
(all p < .05).

Forty-six of the
participants (43%)
experienced a negative
change in cognitive
function 6 months after
the COVID-19
hospitalisation, with a
higher proporton
reporting cognitive
decline among persons
75 years and older,
compared to younger
persons (59% us 37%, p
<.05).

67% demonstrated at
least 1 abnormally low
cognitive score.

Brief Repeatable Battery of Neuropsychological Tests (BRB-NT), Cognitive Failures Questionnaire (CFQ), Montreal Cognitive Assessment (MoCA), Navon Task (NT), Screen for Cognitive Impairment in
Psychiatry Danish Version (SCIP-D), Trail Making Test (TMT), Rey Auditory Verbal Learning Test (RAVLT), Rey—Osterrieth Complex Figure Test (ROCFT), Boston Naming Test (BNT), Continuous

Performance Test (CPT-II).

* Mean age of the total sample (does not discriminate from those who only performed the cognitive assessment).
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Table 3 — Articles with detailed impaired cognitive domains.

Authors, Year

Cognitive Assessment Tool used

Impaired cognitive domains

Sample type

Jaywant et al. (2021)

Puchner et al. (2021)

Darley et al. (2021)

Graham et al. (2021)

Zhou et al. (2020)

Hosp et al. (2021)

Miskowiak et al. (2021)

Almeria et al. (2020)

Brief Memory and Executive Test (BMET)

Logical Memory I & II of Wechsler Memory
Scale-IV (WMSIV), subtest of the verbal
and visual memory test (VVM), and test of
attentional performance (TAP)

CogState Cognitive Test Battery

NIH Toolbox

iPad-based online neuropsychological
tests, including the Trail Making Test
(TMT), Sign Coding Test (SCT), Continuous
Performance Test (CPT), and Digital Span
Test (DST)

MoCA (26); Extensive neuropsychological
testing (Hopkins' verbal learning revised
(HVLT-R), Trail Making Test, Stroop test,
Digit span and Fluency) (15)

Screen for Cognitive Impairment in
Psychiatry Danish Version (SCIP-D), Trail
Making Test- Part B (TMT-B), Cognitive
Failures Questionnaire (CFQ)

Test de Aprendizaje Verbal Espana-
Complutense (TAVEC) with three lists for
the Learning, Interference and
Recognition to assess verbal memory;
Visual Reproduction of the Wechsler
Memory Scale —IV (WMSIV), Digits
forward and Backward, Letter and
Numbers, Trail Making Test A and B
(TMT), Symbol Digit Modalities Test
(SDMT), Stroop, Phonemic and Semantic
fluency and Boston Naming

Working memory [55%], set-shifting (21/44
[47%)]), divided attention (18/39 [46%)])
Processing speed: psychomotor speed was
the most frequent impairment

Cognitive of concentration, memory, or
executive function deficits were found.
Attention (median Tscore 41.5 [37, 48.25];
p < .001 vs US median of 50) and working
memory

Attention function changes

The Word list learning on the Hopkins
Verbal Learning Test—Revised
(representing the cognitive domain
memory) was affected most frequently (7/
14) as were executive functions [digit span
reverse (6/15); categorical fluency (6/13)].
Tests for attention were less frequently
impaired

Comparing patients with the matched HC
group; Patients displayed moderate
impairments in verbal learning and
working memory Patients' delayed
memory performance was unimpaired,
whereas there was only a non-significant
trend toward verbal fluency and
psychomotor speed impairments in
patients compared with HC (VFT: p = .08;
PMT: p = .09).

Attention, memory and executive
function domains; T score lower than 30
was observed in memory domains,
attention and semantic fluency (2 [5.7%)])
in working memory and mental flexibility
(3 [8.6%]) and in phonetic fluency (4
[11.4%)]).

Inpatients

Discharged patients

64—83 days after discharge

Ambulatory 4 months after SARS-CoV2 +

Inpatients

3—4 months after discharge

10-35 days after discharge

(continued on next page)
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Table 3 — (continued)
Authors, Year

Cognitive Assessment Tool used

Impaired cognitive domains

Sample type

Versace et al. (2021)
Ortelli et al. (2021)

Woo et al. (2020)

Méndez et al. (2021)

Ferrucci et al. (2021)

Crivelli et al. (2022)

Becker et al. (2021)

Albu et al. (2021)

FAB

MoCA, FAB, computerized attentive tasks:
Vigilance Task (VT), Stroop Interference
Task (SIT), Navon Task (NT)

Modified Telephone Interview for
Cognitive Status (TICS-M)

Verbal learning — immediate, and delayed
memory subtests from the Subtest Screen
for Cognitive Impairment in Psychiatry
(SCIP), animal naming test (ANT) from the
Controlled Oral Word Association Test
(COWAT) for semantic verbal fluency and
the subtest Digit Span backward from the
Wechsler Adult Intelligence Scale, Third
Edition (WAIS-III) for working memory
Brief Repeatable Battery of
Neuropsychological Tests (BRB-NT)

MoCA, Trail Making A, Digit Span
Forwards, Digit-Symbol Coding, Craft
Story, Rey Auditory Verbal Learning Test,
Delayed Recall from the Benson

Figure Test, Trail Making B, Wisconsin
Card Sorting Test, Stroop Test,
phonological fluency. Benson Figure and
Clock Drawing Test, Multilingual Naming
Test and semantic fluency

Number Span forward and backward,
Trail Making Test Parts A and B, phonemic
and category fluency and the Hopkins
Verbal Learning Test—Revised

Barcelona Test which is based on the
Benton Temporal Orientation Test,

Digit Span forward, Rey Auditory Verbal
Learning Test (RAVLT), Digit Span
backward, PMR task (a Spanish version of
the FAS letter fluency task)

Executive functions
Executive dysfunction

Short-term memory, attention and
concentration/language tasks

Amongst survivors, the prevalence of
moderately impaired immediate verbal
memory and learning was 38%, delayed
verbal memory (11.8%), verbal fluency
(34.6%) and working memory (executive
function) (6.1%), respectively.

Of all patients, 42.1% had processing
speed deficits, while 26.3% showed
delayed verbal recall deficits

Memory (p = .016, Cohen's d = .73),
attention (p < .001, Cohen's d = 1.2),
executive functions (p < .001, Cohen's

d = 1.4), and language (p = .002, Cohen's
d = .87).

Hospitalized patients more impairments
in attention (odds ratio [OR]: 2.8; 95%CI: 1.3
—5.9), executive functioning (OR: 1.8; 95%
CI: 1.0-3.4), category fluency (OR: 3.0; 95%
CIL: 1.7-5.2), memory encoding (OR: 2.3;
95%CI: 1.3—4.1) and memory recall (OR:
2.2; 95%CI: 1.3—3.8) than outpatient group.
ED Patients more impaired category
fluency (OR: 1.8; 95%CI: 1.1-3.1) and
memory encoding (OR: 1.7; 95% CI: 1.0
—3.0) than outpatients.

Low scores on orientation [X2 (1) = .97,

p = .33], attention [X2 (1) = 1.01, p = .32],
verbal learning [X2 (1) = 1.77, p = .18], long-
term verbal memory [X2 (1) = .28, p = .60],
verbal recognition [X2 (1) = 1.44, p = .23],
working memory [X2 (1) = 1.45, p = .50] or
executive control [X2 (1) = .18, p = .89].

2-3 months after discharge
2—3 months after discharge

20—-100 days from Covid-19

Discharged patients by telephone 1-3
months from onset

Neuropsychological assessment between
4 and 5 months (mean _ SD = 4.43 _ 1.22
months) after hospital discharge.

Outpatients 142 days from disease onset

Ambulatory or discharged patients 7.6
months from disease onset

Discharged patients 89—124 days from
onset.
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Garcia-Sanchez et al. (2022)

Vannorsdall et al. (2022)

MoCA, CPT-II, RAVLT, ROCFT, Digit Span
Forward and Backward, BNT, Block
Design, Coding, Symbol Search, TMT,
Stroop, verbal fluency tasks, and the 15-
Objects Test

Rey Auditory Verbal Learning Test
(RAVLT)

Oral Trail Making Test parts A and B, digit
span forward and backward, Phonemic
and semantic verbal fluency,

Attention deficits were the most frequent
types of deficits in patients with single-
domain impairment (19.0%), significantly
exceeding deficits in EF (p = .01), ST/WM
(p = .001), and Language (p < .001).
Furthermore, attention was the cognitive
domain that was most frequently
impaired in conjunction with other
domains in patients with multiple-
domain impairment, especially with
Learning and Long-Term Memory and
Executive Functioning.

Non-ICU patients -> Mild/moderate
impairment was particularly common on
Oral Trail Making Test part A, category-
cued verbal fluency, RAVLT acquisition,
and RAVLT delayed recall.

Post-ICU patients -> elevated rates of
impairment were observed across all
domains with the exception of number
span forward. More than onethird of post-
ICU patients performed in the mild/
moderately impaired range on the Oral
Trail Making

Test part A, letter- and category-cued
verbal fluency,

RAVLT acquisition, and RAVLT delayed
recall.

Discharged and outpatients, 187 days after
diagnosis.

Discharged patients four months after an
initial diagnosis of COVID-19 by telephone
interview.

Animal naming test (ANT) from the Controlled Oral Word Association Test (COWAT), Brief Memory and Executive Test (BMET), Brief Repeatable Battery of Neuropsychological Tests (BRB-NT),
Cognitive Failures Questionnaire (CFQ), Continuous Performance Test (CPT), Digital Span Test (DST), Frontal Assessment Battery (FAB), Hopkins verbal learning revised (HVLT-R), Logical Memory I & II
of Wechsler Memory Scale-IV (WMSIV), Modified Telephone Interview for Cognitive Status (TICS-M), Montreal Cognitive Assessment (MoCA), Navon Task (NT), Screen for Cognitive Impairment in
Psychiatry Danish Version (SCIP-D), Sign Coding Test (SCT), Stroop Interference Task (SIT), Subtest of the verbal and visual memory test (VVM), Subtest Screen for Cognitive Impairment in Psychiatry
(SCIP), Symbol Digit Modalities Test (SDMT), Test de Aprendizaje Verbal Espana-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test (TMT), Vigilance Task (VT), Visual
Reproduction of the Wechsler Memory Scale—IV (WMSIV), Wechsler Adult Intelligence Scale Third Edition (WAIS-III), Continuous Performance Test (CPT-II), Rey Auditory Verbal Learning Test
(RAVLT), Rey—Osterrieth Complex Figure Test (ROCFT), Boston Naming Test (BNT), Trail Making Test (TMT).
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Table 4 — MMSE/MoCA and FAB mean scores.

Authors, Year

Cognitive Assessment Tool used

MMSE/MoCA values

FAB values

Alemanno et al. (2021)

Blazhenets et al. (2021)

Monti et al. (2021)

Hosp et al. (2021)

Versace et al. (2021)
Ortelli et al. (2021)

Ermis et al. (2021)
Del Brutto et al. (2021)

Amalakanti et al. (2021)

Rass et al. (2021)

Crivelli et al. (2022)

Frontera et al. (2021)

MoCA, MMSE

MoCA

MMSE telephone version

MoCA; Extensive neuropsychological
testing (Hopkins verbal learning

revised (HVLT-R), Trail Making Test,
Stroop test, Digit span and Fluency),

FAB

MoCA, FAB, computerized attentive
tasks: Vigilance Task (VT), Stroop
Interference Task (SIT), Navon Task
(NT)

MoCA

MoCA

MoCA

MoCA

MoCA, Trail Making A, Digit Span
Forwards, Digit-Symbol Coding, Craft
Story, Rey Auditory Verbal Learning
Test, Delayed Recall from the Benson
Figure Test, Trail Making B, Wisconsin
Card Sorting Test, Stroop Test,
phonological fluency. Benson

Figure and Clock Drawing Test,
Multilingual Naming Test and
semantic fluency

Telephone MoCA

MoCA: group 1 (21.65 + 5.23), group 2
(16.83 + 7.11), group 3 (15.90 + 6.97),
group 4 (19.11 + 6.83); MMSE: group 1
(26.77 + 2.77), group 2 (22.78 + 5.80),
group 3 (22.24 + 6.23), group 4

(22.89 + 6.97)

MoCA (+ standard deviation) global
score of 19.1 + 4.5 at the subacute
stage; 23.4 + 3.6 at the post acute stage
Italian telephone Mini Mental State
Examination (I-tel MMSE), median
(IQR) 22 (21—22)

MoCA global score <26 = 18 patients
(69%) mean score (SD) 19.11 (4.14),
MoCA global score 18—25 = 14 patients
(54%) mean score (SD) 20.93 (2.05),
MoCA global score 10—17 = 4 patients
(15%) mean score (SD) 12.75 (2.49),
MoCA global score > 26 = 8 patients
(31%) mean score (SD) 27.75 (1.16)

Mean MoCA scores -> patients - 17.8
(5.3);
Controls - 26.8 (3.1).

Mean MoCA scores (SD) 23 (5.02)
Mean (+SD) score in the MoCA
performed 6 months after the start of
the SARS-CoV-2 pandemic in the
village was 20.2 + 4.2 points.

Age 18—29 -> Mean MoCA Score in
cases 25.9 + 2.1 x Mean MoCA score in
controls 27 + 1.7;

Age 30—49 -> Mean MoCA Score in
cases 25.9 + 2.3 x Mean MoCA score in
controls 25.6 + 4.3;

Age 50 and above -> Mean MoCA Score
in cases 24 + 3.5 x Mean MoCA score in
controls 24.5 + 3.5

All patients MoCA <26—29 patients,
Mean scores (SD) MoCA 28 (26—29);
Severe disease requiring ICU MoCA
<26 - 8 patients, Mean scores (SD)
MoCA 28 (25—28); Moderate severity,
hospitalization, non-ICU MoCA <26
—20 patients, Mean scores (SD) 28 (25
—29);

Mild severity, outpatient, MoCA <26—1
patient, Mean scores (SD) 29 (28—30)
Mean MoCA scores -> Controls - 27.22
(1.99);

Patients - 26.49 (2.90).

101 cases — median MoCA 17 (13—19)
114 controls - median MoCA 18 (15—19)

FAB (12.2 + .7)

Mean FAB scores -> patients
- 12.3 (2.3); controls - 16.7
(1.2).
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Table 4 — (continued)

Authors, Year Cognitive Assessment Tool used

MMSE/MoCA values FAB values

Garcia-Sanchez et al. (2022) MoCA, CPT-II, RAVLT, ROCFT, Digit
Span Forward and Backward, BNT,
Block Design, Coding, Symbol Search,
TMT, Stroop, verbal fluency tasks, and
the 15-Objects Test

Walle-Hansen et al. (2021) MoCA

Hospitalized patients had lower MoCA
scores (M = 15.8; SD = 3.8) than non-
hospitalized ones (M = 17.8; SD = 2.5).

MoCA total score g < 75 years 25.3 (3.8),
> 75 years 21.7 (5.8)

Animal naming test (ANT) from the Controlled Oral Word Association Test (COWAT), Brief Memory and Executive Test (BMET), Brief Repeatable
Battery of Neuropsychological Tests (BRB-NT), Cognitive Failures Questionnaire (CFQ), Continuous Performance Test (CPT), Digital Span Test
(DST), Frontal Assessment Battery (FAB), Hopkins verbal learning revised (HVLT-R), Logical Memory I & II of Wechsler Memory Scale-IV
(WMSIV), Modified Telephone Interview for Cognitive Status (TICS-M), Montreal Cognitive Assessment (MoCA), Navon Task (NT), Screen for
Cognitive Impairment in Psychiatry Danish Version (SCIP-D), Sign Coding Test (SCT), Stroop Interference Task (SIT), Subtest of the verbal and
visual memory test (VVM), Subtest Screen for Cognitive Impairment in Psychiatry (SCIP), Symbol Digit Modalities Test (SDMT), Test de
Aprendizaje Verbal Espana-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test (TMT), Vigilance Task (VT), Visual
Reproduction of the Wechsler Memory Scale—IV (WMSIV), Wechsler Adult Intelligence Scale Third Edition (WAIS-III).

The studies did not find specific alterations in structural
neuroimaging exams (brain computed tomography or mag-
netic resonance imaging). Two of the selected studies evalu-
ated patients in the acute phase with a cranial positron
emission tomography scan, finding frontoparietal hypo-
metabolism in patients with encephalopathy (Blazhenets
et al,, 2021; Hosp et al., 2021).

All articles were submitted to bias risk assessment (Fig. 2).
The overall risk of selection bias was high in 20 studies, while
the risk for controlling for confounding factors and attrition
was low in 16 and 18 studies, respectively. In turn, the risk of
performance bias and detection bias was high in 10 studies
each.

4, Discussion

We carried out a critical review of cognitive impairment in
confirmed COVID-19 patients. Our results revealed a possi-
bility of cognitive impairment, even in mildly symptomatic
subjects six months after disease onset (Del Brutto et al., 2021).
The importance of this systematic review showed a possible
relationship between SARS-Cov2 infection and the develop-
ment or deterioration of complaints and cognitive impair-
ment. Moreover, cognitive impairment does not occur only in
severe cases and in the acute disease phase.

Neurologic symptoms may persist in the postacute phase
and constitute a “long Covid” syndrome (Graham et al., 2021).
Because of this, and to differentiate cognitive impairment
during acute/subacute phase from chronic phase, we sepa-
rated the studies according to disease phase of patients’
evaluation. Cognitive impairment still occurred after 12 weeks
of disease onset (Table 2). However, we still need more data to
determine whether this cognitive impairment, when it occurs,
is lasting or improves after a certain period of time.

Cognitive impairment was found after other infections,
including coronavirus infections (Rogers et al., 2020).
Furthermore, as COVID-19 can cause critical illnesses in some
patients, ARDS and delirium may occur, both previously
related to cognitive impairment (Honarmand et al., 2020; Pfoh
et al,, 2015). Thus, Rass et al (Rass et al., 2021) showed

cognitive impairment in 23% of COVID-19 patients (in severe
COVID-19 patients 29%, moderate 30%, and mild 3%). Addi-
tionally, the disease leading to hypoxemia with repercussions
on memory is expected since the hippocampus is sensitive to
low oxygen concentrations (Sartori et al., 2012).

Most selected studies evaluated previously hospitalized
patients or even hospitalized patients. We cannot rule out that
the cognitive impairment was caused by injuries related to
hospitalization, delirium, or even the remaining acute phase
of the disease or hypoxemia. Furthermore, McLoughlin et al
(Mcloughlin et al., 2020) evaluated a group of patients with
COVID-19 with delirium and compared it to individuals
without delirium in the acute phase. All patients in this study
were evaluated four weeks later with a TICS scale over the
telephone. No significant differences were found regarding
the instrument applied between the groups. Another possible
cause that has not yet found support in the medical literature
was a direct virus action. Such a direct role of the virus does
not provide robust evidence in studies of general neurological
manifestations evaluating cerebrospinal fluid or necropsy
studies (Matschke et al., 2020; Neumann et al., 2020).

Conversely, Del Brutto and coworkers evaluated only out-
patients without previous hospitalization and with mild dis-
ease (Del Brutto et al., 2021). In this study, patients had mild
COVID-19, not requiring hospitalization. They were followed
up on an outpatient basis before the pandemic and had a
regular cognitive assessment. The authors evaluated patients
six months after symptom onset with a control group and
identified a drop >4 points in the MoCA applied to patients
before the pandemic.

Other studies have pointed out possible causes of COVID-
19 related cognitive impairment. Zhou et al. evaluated dis-
charged patients through scales applied via digital devices,
finding compromised attention of patients, also relating such
findings to high inflammatory markers (Zhou et al., 2020). This
last finding is interesting, as previous evidence shows a
possible causal role of microglial inflammation and the later
emergence of Alzheimer's disease (Mandrekar-Colucci &
Landreth, 2010). Another possible cause of cognitive impair-
ment associated with COVID-19 is ischemic changes associ-
ated with COVID-19 since cerebrovascular changes denote the
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Fig. 2 — Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all
included studies (above). Risk of bias summary: review authors' judgements about each risk of bias item for each included

study (below).

risk of cognitive impairment and dementia (Pendlebury et al.,
2019; Solomon et al., 2020). Also, endothelial lesions described
in COVID-19 can impair brain metabolites clearance,
including beta-amyloid peptides, which are involved in Alz-
heimer's disease (Varga et al., 2020; Weller et al., 2008).

Regarding patient assessment methods, as would be ex-
pected, some studies used tele-assistance services during the
critical phase of the pandemic in their respective countries
(Mcloughlin et al., 2020; Zhou et al., 2020). They are essential
alternatives and can therefore play a triage role (Igbal, 2020).
However, it is essential to mention the lack of studies with
extensive neuropsychological assessment.

This review study has some important limitations. First,
some studies do not mention cognitive impairment preva-
lence or incidence. Furthermore, almost all studies did not
have patients’ previous cognitive assessments. Furthermore,
no information was available about cognitive impairment
subtype (MCI, AD, other neurodegenerative diseases, e.g.) in
almost all studies. Another caveat is that most studies did not
have control groups, precluding direct comparison. In addi-
tion, it was not possible to compare the most affected cogni-
tive domains between studies before and after 12 weeks of
Covid-19 infection. Another potential limitation of this sys-
tematic review was the wide variety of cognitive assessment
instruments employed, influencing external validity. Lastly,
no study included in this review used a complete cognitive
neuropsychological evaluation, the gold standard assessment
method. These limitations made it impossible to perform a
meta-analysis.

On the other hand, a strength of this systematic review is
its reproducible and transparent procedure for literature sys-
tematic review. When publishing the research, the protocol is
essential to display strategy clarity and reduce bias risk (Silagy
etal.,, 2002). These results provide evidence to inform, support,
and customize shared decision-making from the healthcare
providers, stakeholders, and governments. In this sense, this
systematic review delivers relevant evidence about the impact
of the COVID-19 on patients’ cognitive performance to address
the gap in the literature and guide essential strategies, detect
cognitively impaired patients (SCD, MCI, and dementia) with
the establishment of proper treatment, cognitive rehabilita-
tion, and psychoeducation. The possibility of cognitive
impairment after infection further emphasizes the impor-
tance of preventive measures for COVID-19.

In terms of future directions, it is essential to implement
clinical research using control groups, using extensive neu-
ropsychological assessment to determine the most affected
cognitive domains, employing imaging and cerebrospinal
fluid (CSF) biomarkers for neurogenerative diseases such as
Alzheimer's disease, in order to elucidate specific patho-
physiological changes by COVID-19. Ideally, individuals with
prior neurocognitive follow-up, including biomarkers and
prior cognitive assessment, should be included in future
studies. Likewise, the inclusion of patients with previous
cognitive impairment is essential to evaluate these patients'
evolution. Another important group to be assessed is the low
education patients, bringing psychometric data from this
population and assessing whether low education, via low
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cognitive reserve, adversely affects cognition after the COVID-
19 condition.

This review highlights the high frequency of cognitive
impairment after COVID-19 infection. However, we could not
differentiate whether the cognitive impairment identified
corresponded to mild cognitive impairment or dementia
through data from selected studies, which is one objective of
future studies to be addressed on this topic.
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