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Abstract: The present study aims to provide a critical overview of the literature on the relationships
between post-acute COVID-19 infection and cognitive impairment, highlighting the limitations and
confounding factors. A systematic search of articles published from 1 January 2020 to 1 July 2022
was performed in PubMed/Medline. We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Only studies using validated instruments for the
assessment of cognitive impairment were included. Out of 5515 screened records, 72 studies met
the inclusion criteria. The available evidence revealed the presence of impairment in executive
functions, speed of processing, attention and memory in subjects recovered from COVID-19.
However, several limitations of the literature reviewed should be highlighted: most studies were
performed on small samples, not stratified by severity of disease and age, used as a cross-sectional
or a short-term longitudinal design and provided a limited assessment of the different cognitive
domains. Few studies investigated the neurobiological correlates of cognitive deficits in individuals
recovered from COVID-19. Further studies with an adequate methodological design are needed for
an in-depth characterization of cognitive impairment in individuals recovered from COVID-19.

Keywords: COVID-19; SARS-CoV-2 coronavirus; long covid; cognition; cognitive dysfunction;
executive functions; attention; memory

1. Introduction

Since the beginning of the coronavirus disease 2019 (COVID-19) pandemic, caused
by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the global case
count has reached nearly 616 million as of October 2022 [1,2]. The clinical presentation of
COVID-19 is heterogeneous, since the infection can be asymptomatic in some subjects or
lead to a severe pulmonary pathology in other patients [3]. Although COVID-19 is mostly
known for its dramatic respiratory manifestation, it is often referred as a multisystemic
condition, due to its effects on the cardiovascular, osteoarticular, hematopoietic and
nervous systems [1,4]. Furthermore, in addition to the symptoms occurring during the
acute stage, many patients also complain of long-term sequelae, even after recovery from
the infection [5]. This clinical picture is called “long-term COVID-19 syndrome”, and it
refers to those symptoms that can be recorded more than 12 weeks after the initial ones
[6-8].

Neuropsychiatric symptoms such as depression, insomnia, anxiety and cognitive
impairments are reported as some of the most persistent, debilitating and concerning
alterations in the lives of patients that can develop even after the resolution of the infection
[9-18]. The emergence of these symptoms, observed in numerous COVID-19 patients, is
also in line with the outcomes of other respiratory viral infections. For instance, previous
coronavirus outbreaks, such as the 20022004 severe acute respiratory syndrome (SARS)
and the 2012 Middle East respiratory syndrome (MERS), have been commonly associated
with cases of confusion during the acute phase of illness and with the onset of
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neurocognitive impairments or psychiatric symptoms (e.g., depression or anxiety) in the
long term [19-22].

Amongst the different neuropsychiatric symptoms associated with COVID-19,
deficits in cognitive functions play a prominent role in hindering a full recovery of
patients. Physiologically, these functions comprise different abilities, such as working
memory, attention/vigilance, verbal/visual learning, reasoning/problem solving and
executive functioning [23-26]. The presence of cognitive deficits can often lead to
substantial detriments to the quality of life and daily functioning of individuals, as also
observed in elderly people and other neurological or psychiatric conditions [23,27-33]. As
a matter of fact, people with cognitive impairment might present difficulties in
instrumental activities of daily living, in making decisions that affect their everyday
activities (medical decisions and managing their finances) and in learning new things and
completing tasks that rely heavily on memory and complex reasoning [34-37].
Unfortunately, no effective treatment is currently available to ameliorate cognitive
deficits, since the pathophysiological mechanisms subtending them are not very clear. As
a matter of fact, multiple hypotheses have been formulated to explain the
pathophysiological processes at the core of these symptoms. Studies seem to highlight
that both the direct damages of the virus on the central nervous system and the state of
hyperinflammation associated with the infection could trigger their onset [9,10,38].
Additionally, when the coronavirus particles pass the blood-brain barrier and reaches the
central nervous system (CNS), glial cells such as astrocytes and microglia are the main
targeted cells. This might lead to further exacerbation of the neuronal immune system and
to subsequent neuronal damages [38].

Furthermore, the entity of the cognitive impairment might be strongly correlated to
the duration and the severity of the respiratory pathology, probably due to the persistent
and prolonged state of inflammation that certain patients experience [23,39,40]. However,
despite the large number of studies currently available, we are still unable to precisely
determine the pathophysiological bases of these aspects or the pathological features of the
disease that trigger their development.

Given the high incidence of COVID-19 globally and the concern associated with long-
term consequences of the infection, data on the cognitive impairment linked to SARS-
CoV-2 infection has been published at a high rate. We hypothesize that cognitive
impairments will be reported in the majority of the studies included in the review.
However, a precise clinical characterization of these deficits might not be as clear yet due
to methodological limitations. Therefore, a careful screening of the current literature
would provide some suggestions on how future studies should be designed and
implemented to obtain a precise characterization of these symptoms.

The aim of the current systematic review is to provide an extensive overview on the
published studies on the topic, with a focus on: (1) the characteristics of the samples; (2)
the different types of cognitive assessment scales used; (3) the main findings concerning
the cognitive impairments reported in COVID-19 patients; (4) the potential limitations of
the studies and some possible approaches to overcome them.

2. Materials and Methods

A systematic literature search of the articles published between 1 January 2020 and 1
July 2022 using the PubMed database was undertaken following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [41].

The following combination of search terms was used:

“(COVID-19 OR SARS-COV-2 OR 2019-nCoV OR “long covid” OR “persistent
covid” OR “post covid” OR “long-haul covid”) AND (cognition OR neurocognition OR
“cognitive deficit” OR “cognitive impairment”)”.

The inclusion and exclusion criteria set for the search aimed at considering research
papers that characterized cognitive impairments through a standardized and objective
methodology.
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Therefore, the inclusion criteria for the studies retrieved were the following: (1)
studies that assessed at least one cognitive domain through standardized tests or test
batteries, or studies that evaluated cognitive functions through short screening tools, such
as the Mini Mental State Examination (MMSE) or the Montreal Cognitive Assessment
(MoCA), which are widely implemented in everyday clinical practice and provide a total
score of cognitive performance (global rating for cognition); (2) studies that included
subjects over 18 years old.

The exclusion criteria were the following: (1) studies that were not in English; (2) no
full-text available; (3) studies evaluating cognition through subjective scales or
questionnaires, which can often lack in reliability; (4) studies reporting cognitive deficits
as “brain fog” or “confusion”, which do not allow an objective evaluation and
quantification of the presence of cognitive impairments.

Two researchers (AP and NS) independently screened for eligibility all the articles
by titles and abstracts and then proceeded to read the full text. Discrepancies in the
selection of the eligible articles were discussed in advance with the whole group and were
resolved by discussion and consensus.

3. Results
3.1. Search Results and Characteristics of Studies

The literature search yielded 5515 articles (Figure 1). The studies were screened by
titles and abstracts: 121 were excluded because they were not in the English language,
while 4985 were not relevant to the topic. Therefore, 409 full-text articles were assessed
for eligibility. Of these articles, 307 were excluded because they were not directly related
to the aim of the review, while 30 were excluded because they used subjective assessment
tools to assess cognition. Thus, a final number of 72 studies were included in the current
systematic review. The characteristics of the studies included, such as sample size,
cognitive domains assessed, assessment instruments, main results and limitations of the
study, are all listed in Table S1 (Supplementary Materials).
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Figure 1. PRISMA flowchart of the included studies.

The PRISMA diagram details the search and selection process applied during our
systematic literature search and review.

The studies included five systematic reviews, two of which also performed a meta-
analysis, and three narrative reviews. The reviews were considered as part of the included
articles (Table S1) and to confirm that no article was missed from the PubMed search.

Thirty cohort studies and twenty-two cross-sectional studies were also included. Fi-
nally, among the other study designs, we included two case-control studies, two case re-
ports and six case series studies.

3.2. Sample Characteristics
3.2.1. Size, Inclusion Criteria and General Design Characteristics of the Studies

The number of subjects included varied significantly among the studies: the highest
sample size was 1539 patients [42], while the lowest was 12 [43], not considering case re-
ports and case series [43-52]. Most of the studies included a number between 60 and 100
patients [53-58], but several articles reported a smaller sample size [9,40,59-65].

Amongst the most frequent inclusion criteria to recruit patients, the studies always
reported at least a positive diagnosis for SARS-CoV-2, confirmed by the polymerase chain
reaction (PCR) test, and in some cases, the onset of pulmonary complications, such as
dyspnea, desaturation or the presence of chest radiographs reporting lung damage. Fur-
thermore, four studies specifically considered the presence of psychiatric, neurological
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and severe internal comorbidities in the included subjects that could have affected the
cognitive evaluation [66—69]. Moreover, only 17 studies included a control group, repre-
sented by subjects who were negative to a COVID-19 diagnosis [9,42,43,55,57,59,62,63,65—
67,69-74]. Most of the control subjects, who were compared to the COVID-19 patients,
were matched by age, gender and education levels but not for preexisting comorbidities.
Furthermore, amongst all the included studies, only a few of them evaluated specifically
patients shortly after acute infection [61,75-77], while the rest performed evaluations after
12 weeks or more. Finally, most of the studies included were performed in Germany, Italy,
the USA and China.

3.2.2. Age and Gender

The ages of the included subjects varied largely: most of the studies (N = 44) reported
a mean age between 50 and 60 years [40,48,49,53,58,62,64,74,78-94] or between 60 and 70
years [42-45,47,56,59,60,63,67,68,75-77,95-99]; only five studies considered people with a
mean age between 20 and 40 years [46,54,57,70,72], while eight studies included subjects
with a mean age between 40 and 50 years [9,50,51,55,61,65,73,100]. It is worth noting that
six of the studies performed evaluations on samples of a mean age of 70 years and over
[52,66,69,101-103]. It appears that the oldest subject recruited was 96 years old [102]. Fur-
thermore, the majority of studies enrolled a sample primarily composed by male subjects,
with a M/F ratio spanning between 52% and 83.3% [40,43-45,47,48,52,58-
60,62,63,65,67,68,73-80,82,83,86,88-97,99,101-103] (Table S1).

3.2.3. Hospitalization Rates and Severity of the Respiratory Pathology

In regard to the severity of the disease, 36 of the studies included samples composed
by patients that were all hospitalized due to complications of the infection [40,43-49,51-
53,58-60,62,67,68,72,74-76,78,79,82,83,86,87,89-91,93,95-97,99,102]. Seven of the studies
included more than 50% of hospitalized patients [9,63,80,84,88,92,98]. Amongst these pop-
ulations, 11-studies included patients who experienced severe respiratory symptoms re-
quiring either admission in the intensive care unit (ICU) and intubation or oxygen therapy
[53,60,75,77,78,82,90,93,95,97,99].

On the other hand, six of the studies performed the evaluations on asymptomatic
patients or on those who did not need admission into a COVID-19 ward due to mild res-
piratory complications [54,55,57,70,81,103].

Finally, only a few studies (N = 4) stratified the sample into different degrees of se-
verity, depending on the use of oxygen therapy or mechanical ventilation [9,71,82,94].

3.3. Evaluation of Cognitive Impairments in COVID-19 Patients: Assessment Instruments and
Main Results

3.3.1. Assessment Instruments

The included studies employed several different assessment instruments to evaluate
the presence of cognitive impairments in COVID-19 patients. The majority of the studies
used screening tools that provide only a global score of cognitive functioning. On the other
hand, some studies used specific tests that allow the evaluation and characterization of
subjects’ performances in single cognitive domains. As for the tools used to obtain a global
score of cognitive functions, several authors chose clinical screening tools. In fact,29 stud-
ies used the Montreal Cognitive Assessment (MoCA) [43,47-
50,56,57,59,67,69,70,74,75,77,79-85,92,95-99,101,102], and 14 used the Mini Mental State
Examination (MMSE) [44,49-51,60,62,63,66,68,73,79,90,101,103]. Twelve out of the twenty-
nine studies using the MoCA [43,47,50,59,69,79,81,83,84,95,96,101] and ten out of the four-
teen studies using MMSE [44,50,51,60,62,63,66,73,79,101] complemented the screening
tools with other assessment instruments specific for single cognitive domains.

As for the evaluation of single cognitive domains, the tests employed were more nu-
merous and heterogeneous (Table 1). The tests consistently used throughout the studies
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were the digit span forward and reverse test for the assessment of working memory and
attention and the Trail-Making Test for executive functions and speed of processing.

Table 1. List of the tests employed to assess specific cognitive domains.

Cognitive Domain

A 1 i
(and Subdomains if Present) ssessment Scales Studies
[43—
FAB 47,59,60,63,66,101]
[40,46,50,52—
54,58,59,61,63—
TMT-B 65,69,81,84,96,100,101
]
[43,54,59—
] o Stroop Color-Word Test 61,84,96,101]
xecutive functions Tower of London, [73]
CDT [62]
WCST [71]

Similarities test from the
Wechsler Adult Intelli-[60]

gence Scale (WAIS IV),

Brixton test [60]

D-KEFS [50]
[46,50,52—

TMT-A 54,59,61,63,65,69,81,84
,96,100,101]

Speed Of Processing SDMT 5419],59,61,63,81,83,96,1

SCT [65]

SYMBOL SEARCH [84]

PASAT [83]

FCRST [69]

List Learning Test [54]

Dubois five words test  [60]

Logical Memory I e II

Episodic M
pisodic Alemory from the Weschler[91]
Memory Scale (WMS-1V)
Category Cued Verbal[53]
Fluency
Word List Recognition
(71]
Memo Memory Test
Y Verbal Memory VVM [91]
Pictorial Associative
(71]
Memory Test
ROCFT/RCFT [50,69,73,84]
DRT [69]
BVMT-R [81]
Visuospatial Memory VOSP [63]
NAB (visual dlscrlmlna-[5O]

tion task)
SPART [83]
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2D-Mental Rotation Test [71]
Digit Span Forward and[50,53,59,60,62,63,65,7

Working Memory

Reverse 8,81,84,89,96,101].
RBANS [52,86]
Digit Span Forward and[50,53,59,60,62,63,65,7
Reverse 8,81,84,89,96,101].
CPT-1I [65,84]
Attention/ Tea Attention Test [73]
Vigilance D2-R Test [95]

Attentional Matrices [66]
TAP [91]
Vigilance Task [43]
CVAT [51]
BNT [69,84]
40 Words oral naming test[60]
SAND [63]

Global Evaluation BDAE (Language subtest)[52]
Categorical and lexical
verbal fluencies during[60]
two-minute test
FAS [69,78,101]
Letter Cued Verbal Flu—[5 3]
ency
Semantic Fluency Test [61,62,81,96]

Language

Verbal Fluency Phonemic Fluency Test  [61,96,100]
Category Fluency Test [53,59,71,100]
WLG [83]
COWA [73,89]
RAVLT [53,59,62,63,78,84],

) HVLT-R [52,81,96]

Verbal Learning TAVEC [61,69]

SRT [83]

BDAE = Boston Diagnostic Aphasia Examination; BMET = Brief Memory and Executive Test; BNT
= Boston Naming Test; BVMT-R = Brief Visuospatial Memory Test-Revised; CDT = Clock Drawing
Test; COWA = Controlled Oral Word Association by categories; CPM47 = Colored Progressive
Matrices 47; CPT = Continuous Performance Test; CVLT = California Verbal Learning Test; CVAT
= Continuous Visual Attention Test; D-KEFS = Delis-Kaplan Executive Functions Test; DRT = Digit
Retention Test; FAB = Frontal Assessment Battery; FAS = Verbal Fluency Test; FCRST = Free and
Cued Selective Reminding Test; FWIT = Color-Word Interference Test; HVLT = Hopkins Verbal
Learning Test-Revised; NAB = Neuropsychological Assessment Battery; OMC = Orientation-
Memory-Concentration Test; PASAT = Paced Auditory Serial Addition Test; RAVLT = Rey Audi-
tory Verbal Learning Test; RBANS = Repeatable Battery for the Assessment of Neuropsychological
Status; RCFT = Rey Complex Figure Test; RDS = Reliable Digit Span; SAND = Screening for apha-
sia in neurodegeneration; SCT = Sign Coding Test; SDMT = Symbol Digit Modalities Test; SPART =
10/36 Spatial Recall Test; SRT = Selective Reminding Test; TAP = Test of Attentional Performance;
TAVEC = Test de Aprendizaje Verbal Espana-Complutense; TMT-A = Trail-Making Test-A; TMT-
B = Trail Making Test-B; TMT = Trail Making Test; TSAT = Test of Sustained Attention and Track-
ing; VVM =Verbal and visual memory test; VOSP = Visual object and space perception battery;
WCST = Wisconsin Cart Sorting Test; WLG = Word List Generation Test; WMS-IV = Visual Repro-
duction of the Wechsler Memory Scale-IV.
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3.3.2. Main Results of Cognitive Assessment

A global cognitive impairment was found in 31 studies of the assessed COVID-19
patients [40,49,50,53,55,57,58,60-63,65—
67,69,71,75,76,78,79,81,83,84,86,88,91,96,98,99,101,104]. Only eight studies reported no sig-
nificant global cognitive impairments in the included samples of COVID-19 patients
[51,70,73,85,90,93,97,98].

Studies that reported results on single cognitive domains allowed us to draw a more
detailed overview of the deficits present in this clinical population. The most affected cog-
nitive domains were the executive functions, memory and speed of processing. In fact, of
the 50 studies assessing executive functions through specific tests, 26 reported a signifi-
cant deficit in executive functions in COVID-19 patients [40,43,45-47,53,54,57,59—-
63,65,69,71,74,75,81,84,85,88,91,96,100,101]. These deficits might include difficulties in
planning, abstraction, behavioral control and orientation.

The memory domain was assessed individually in 37 studies and resulted to be com-
promised in 30 of them. Within this domain, the most impaired aspects were working
memory (N = 17) [40,43,45,53,55,58,59,61,69,76,78,83,84,89,91,96,100], visuospatial
memory (N = 6) [50,63,69,73,81,84] and episodic memory (N = 4) [54,60,69,91]. All the as-
pects of memory that were considered in the studies included, from storage and the
maintenance of new information to the recollection of old ones, seem to be impaired.

As for the attention domain, it was evaluated in 23 studies and resulted to be com-
promised in 10 of them [46,51,55,61,75,76,78,84,89,100]. Moreover, patients showing im-
pairment in a single cognitive domain often presented deficits in attention [84].

Another cognitive domain severely affected following SARS-CoV-2 infection was the
speed of processing that were impaired in 9 studies [46,54,63,65,76,81,83,91,100] out of 26.
This deficit is characterized by an overall decrease in cognitive speed and ability to con-
centrate and is often subjectively recognized by patients as a remarkable modification in
their abilities following COVID-19 infection, as frequently reported in subjective question-
naires administered alongside the objective assessments [54,55,92,93].

Finally, twelve studies assessed verbal learning, and all of them reported poor per-
formance [52,53,59,61-63,69,78,81,83,84,96].

3.4. Outcomes of Neuroimaging and Neuroinflammatory Studies

In addition to the cognitive assessment, some of the studies also collected imaging
data to explore potential neurobiological correlates of cognitive deficits. In particular,
eight studies employed electroencephalographic (EEG) recordings
[46,49,55,56,59,63,75,85], ten studies used magnetic resonance imaging (MRI)
[46,47,55,56,63,74,75,85,86,96], two studies employed fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) [81,96] and three studies collected brain computerized to-
mography (CT) scans [46,75,85].

One study that included EEG recordings found abnormalities in two out of the
twelve individuals that reported cognitive impairment following SARS-CoV-2 infection
[56]. The EEG recordings were characterized by the presence of slow and sharp waves
across the left temporal region and of the prominent slowing of cerebral activity in the
right temporal lobe, as observed by qualitative evaluation of the EEG recordings of these
two patients [56]. No other significant findings emerged in the EEG recordings of other
studies [46,49,55,56,59,63,75,85].

As for the MRI studies, one study found that subjects with cognitive impairment,
particularly with executive deficits, also presented microvascular events following an
acute hypercoagulable state and chronic neuroinflammatory processes [74]. Another
study found that the mean score in the visuospatial memory test was decreased in patients
presenting white matter abnormalities, especially in the frontal and parietal lobes [86].
Conversely, other studies did not find any remarkable alterations in the structural and
functional neuroimaging indices in COVID-19 patients [46,47,55,56,63,74,75,85,86,96]. As
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for the FDG-PET results, one study found a significant correlation between frontoparietal
hypometabolism and a lower general cognitive performance, as assessed using the MoCA
[96]. As to the CT findings, no alteration was found in COVID-19 patients with cognitive
impairment [46,75,85].

As an additional approach, other studies also employed blood exams to trace specific
associations between biomarkers and cognitive deficits. Ten studies analyzed c-reactive
protein (CRP) [9,40,43,55,65,69,74,82,84,98], and eight studies measured d-dimer levels
[9,40,55,61,69,82,84,98]; however, only a few studies specifically correlated the levels of
these biomarkers to the presence of cognitive deficits, and the results were sparse and
inconsistent. In particular, a relationship between the CRP levels and attention impair-
ment was found [65], as well as between the d-dimer levels and verbal fluency, verbal
memory and psychomotor speed impairment [40]. However, a lack of association between
CRP, d-dimer and also ferritin and IL-6 with neurocognitive deficits was reported [9].

4. Discussion

The current review shows how the cumulative evidence in the literature highlights
an association between SARS-CoV-2 infection and the onset of cognitive deficits. Never-
theless, the neurobiological and clinical correlates of these deficits are still unclear.

The following sections of the discussion will provide a critical commentary on the
results presented in the present review of the literature, including an overview of the main
findings concerning the appearance of cognitive deficits in COVID-19 patients and the
possible methodological aspects of the included studies that might have affected the re-
sults, in addition to the possible pathophysiological explanations that might lead to their
appearance.

4.1. Main Findings and Characteristics of the Study Design and of Included Samples: Possible
bias of the Collected Outcomes

4.1.1. Main Findings and Methodological Limitations

Numerous studies have reported alterations in cognitive functioning in the evalua-
tion of COVID-19 patients both during the acute phase or even for a prolonged period
following recovery from infection [40,49,50,53,55,57,58,60-63,65—
67,69,71,75,76,78,79,81,83,84,86,88,91,96,98,99,101,104]. The presence of cognitive deficits
was mostly evaluated through the MoCA and MMSE scales; several of these studies re-
ported that a vast number of the COVID-19 patients obtained a lower score than the cutoff
value, flagging the presence of a generalized cognitive impairment. On the other side,
studies that employed tests for specific cognitive domains were less numerous but pro-
vided interesting insights in the characterization of the cognitive impairment associated
with COVID-19. The most affected cognitive domains were found to be the executive func-
tions, speed of processing, memory and attention.

The onset of these deficits, which are often described by the subjects as highly debil-
itating, can remarkably affect their quality of life by interfering with everyday activities
[12,14,34,105-107].

One of the main limitations in the design of the included studies is that the majority
of them did not take into account cognitive deficits preceding the COVID-19 infection.
Most of the studies attempted to retrieve the missing information about the cognitive sta-
tus before the infection through subjective assessments obtained through interviews with
patients and relatives. This may have produced recall bias, since potential preexisting cog-
nitive deficits may have been overlooked by patients and their relatives. However, one
study provided pre-infection MoCA evaluations of a nested sample of 52 patients from
the population of Atahualpa, a cluster of community dwellers living in rural Ecuador [56].
In this study, post-COVID cognitive evaluations reported lower scores in 21% of the sero-
positive cohort compared to pre-COVID evaluations. Conversely, in seronegative con-
trols, only 2% reported a worsening in MoCA scores, confirming the hypothesis of
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alterations in cognition after the infection [56]. Furthermore, the influence of confounding
factors affecting cognition, especially during the acute phase of the infection, has often
been overlooked. For instance, symptoms of depression and anxiety, which could be con-
nected to the distress experienced during hospitalization, might have appeared as well,
leading to fluctuations in the cognitive performance [108]. Finally, in addition to the lack
of pre-COVID-19 assessments, the majority of the protocols lacked follow-up assessments,
which did not allow to verify the persistence over time of the deficits.

Another main limitation in the experimental design was the heterogeneity of the in-
clusion criteria for the patients. The inclusion criteria ranged from the inclusion of patients
who only presented a confirmed diagnosis for COVID-19 to subjects who experienced
pulmonary complications, requiring hospital admission and respiratory assistance. Fur-
thermore, many of the studies completely lacked a control group. When present, control
subjects were defined as subjects who were negative at the time of the evaluations or who
never received a diagnosis of SARS-CoV-2 infection; however, these control populations
were often not matched to patients for preexisting comorbidities. Another noticeable fea-
ture is that there is a lack of studies considering as the control sample subjects who tested
positive to COVID-19 but did not present cognitive impairment. Exploring this scenario
might advance the knowledge on both common and different features of COVID-19-pos-
itive patients with and without cognitive impairment, such as the severity of the respira-
tory symptoms experienced, demographic data, environmental factor or comorbidities
with psychiatric disorders [109,110]. It is certainly important to consider that the majority
of studies was developed in the core period of the pandemic, which might have led to
potential difficulties in designing methods and used less strict inclusion criteria in order
to favor quick data collection [111].

Some considerations need to be formulated regarding the instruments used for the
evaluations of cognitive impairment. The most frequent instruments used were screening
tools, such as the MoCA and MMSE. Due to the high number of subjects reporting these
deficits following COVID-19 infection, the use of MoCA and MMSE, which, in 10-15 min,
provide a general assessment of cognitive functioning, should be strongly encouraged in
the clinical practice of COVID-19 patients as a routine screening test. However, certain
limits of these scales should be considered for the full characterization of cognitive im-
pairments. Previous uses of these tools in clinical and research settings have showed that
MoCA may be a better tool to detect mild cognitive deficits [112], while MMSE is helpful
in identifying severe impairment and dementia [113]. Therefore, studies using only the
MMSE might have missed the detection of mild alterations in cognitive functioning. Fur-
thermore, both tools do not provide a detailed characterization of the impairment, since
they produce only a general cognitive functioning score. Therefore, information obtained
by screening tools should be integrated with that evaluated with cognitive batteries in
order to guarantee a complete analysis of the cognitive domains and subdomains. In ad-
dition, the extreme variability among the assessing tools does not allow to clearly sum-
marize the results for a single cognitive domain. Furthermore, several studies performed
evaluations in telemedicine, due to containment measures and lockdown imposed by the
outbreak of the pandemic, which might have affected the quality of data collection due to
the difficulty of sustaining attention online, the weakness of online bonds and the weak
commitment to online assessments [114]. Finally, only a few studies have incorporated
the use of neuroimaging data, so functional and structural changes associated with cog-
nitive impairment are yet to be explored. More studies using a direct correlation analysis
of brain imaging findings with cognitive impairments might provide data that could bet-
ter predict the prognosis and help the prevention of these deficits in clinical settings.

4.1.2. Characteristics of the Subjects Included and Possible Selection Bias

Other elements to be considered are the recruitment bias and consequent imbalance
of the included subjects as to gender or age, as well as the sample size, which could have
influenced the outcomes.
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Firstly, the samples were mostly composed of male adults, and, according to results,
men seemed to be the most affected by the changes in cognition. This might be solely due
to a selection bias, since more men might have been recruited for the studies since they
are believed to be more susceptible to severe COVID-19 pathology. Indeed, males present
higher expression of the angiotensin-converting enzyme 2 (ACE2) receptor and the trans-
membrane protease serine 2 (TMPRSS2), which are targeted by the virus to access the
body, leading to a higher chance of experiencing life-threatening respiratory pathology
[115]. On the other side, recent studies highlighted that women have a higher prevalence
of neuropsychological long-COVID symptoms than men [116]. This might be linked to
specific hormonal factors that lead to the elicitation of stronger and prolonged immune
response due to the higher production of IgG antibodies [117,118] or to greater self-aware-
ness in women compared to men on changes in health [116]. However, it is still not pos-
sible to confirm whether the onset and severity of cognitive dysfunctions due to COVID-
19 are influenced by gender. Future studies should include a greater balance of male and
female patients or at least use a statistical analysis that controls for sex as a confounding
variable. Furthermore, it might be interesting to examine if the levels of inflammatory
markers are affected by gender and correlate to the severity of the cognitive impairments.

A second factor that must be considered while reviewing the studies is the age of the
included subjects. Most of the studies performed assessments on samples with a mean age
comprised between 50 and 70 years. One meta-analysis found that MoCA score progres-
sively decreased for each increase of 1 year in age, suggesting that aging usually correlates
with a progressive deterioration in cognitive functions [24]. Therefore, the potential cog-
nitive impairment found in elderly people with COVID-19 could be due to aging effects
[119,120]. However, studies assessing cognition in younger patients (mean age between
20 and 40 years) found the presence of cognitive impairments such as in studies that in-
cluded older subjects [57,70,86] Furthermore, one meta-analysis found no significant dif-
ferences in cognitive impairment between age groups, suggesting that these deficits can-
not be solely attributed to the consequences of aging [23].

Another main limitation of the reviewed literature is that the study samples were
often small, heterogeneous and not stratified by education level and, most importantly,
by disease severity, a limitation reported by 48% of the studies.

In light of the above limitations, further investigations on the topic should include a
longitudinal examination of subjects, comparisons between COVID-19 patients and con-
trol groups and should try to control for confounding factors. In particular, a stratification
of participants according to variables such as gender, age, level of education and disease
severity would provide more generalizable results on the relationship between COVID-
19 infection and cognitive deficits.

4.2. Cognitive Impairment in COVID-19: Possible Pathophysiological Mechanisms

One of the main objectives of the studies considered was also to unveil the biological
underpinnings and to trace the associations between the clinical manifestations of
COVID-19 illness and the onset of cognitive deficits, in order to guide more effective pre-
vention and treatment strategies.

The first hypothesis developed by the reviewed studies claimed that the appearance
of cognitive impairments was mainly due to the cellular damages caused by the presence
of the virus in the nervous system. [115]. However, further insights from clinical and post-
mortem studies seem to pinpoint that the abnormal and prolonged hyperinflammatory
state following infection might be a more important feature to determine the onset of these
symptoms post-infection [74,121]. Previous evidence collected from studies on respiratory
non-SARS-CoV-2 viral infections showed that systemic and excessive cytokine inflamma-
tory responses, characterized by prolonged IL-6 and TNF-a expression, can lead to dam-
ages in brain areas such as the hippocampus [19,122,123]. This trend was also detected in
COVID-19 patients with cognitive impairment in which a prominent inflammatory re-
sponse is flagged by a generalized increase in the concentration of the biomarkers of
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inflammation such as CPR and various cytokines [65,98,124,125]. Furthermore, when the
coronavirus particles pass the blood—brain barrier and reaches the central nervous system
(CNS), glial cells such as astrocytes and microglia are the main targeted cells. Disruption
in the activity of the glia has been associated with alterations in the neuroprotective func-
tionality of the neuronal immune system and to subsequent neuronal damages.

Another neurobiological path that has been investigated is the decrease in the enzy-
matic activity of angiotensin-converting enzyme 2 (ACE 2) observed in COVID-19 infec-
tion. ACE 2 is unevenly expressed in the brain areas, and its decrease in specific regions
is related to signs and symptoms of neurological damage: low levels of ACE 2 in the cer-
ebral cortex may determine the general neurocognitive alterations, while reduced levels
of ACE 2 in the hippocampus could be linked specifically to memory alterations [124,126].

An additional approach in understanding the etiology of these symptoms was to ex-
amine how the severity of the other clinical aspects of the COVID-19 pathology could be
correlated to the onset of cognitive impairments. For instance, ventilated patients or, more
broadly, subjects experiencing severe respiratory pathology or a decrease in their blood
oxygen level, were the most affected by cognitive impairment, mainly in memory, execu-
tive functions and verbal fluency, in some studies [40,124]. This is in line with the hypoth-
esis that the cognitive deficits could be the result of damages to brain areas particularly
sensitive to low oxygenation, such as the hippocampus [61,127,128], which has a key role
in memory. However, other studies reported that patients who were admitted to the in-
tensive care unit (ICU) or that received oxygen therapy had lesser impairment in cognitive
functions than patients who did not receive these supplementary treatments. This finding
might suggest that patients with a less compromised respiratory status were more im-
paired in cognition compared to patients with more severe breathing difficulties. One hy-
pothesis to explain this outcome was that the use of oxygen supplementation, received
during hospitalization, might have prevented the risk of developing brain hypoxia or mild
fluctuations in the blood oxygen, which might have been underestimated in patients’ less
critical respiratory pathology [68,129]. Furthermore, some studies detected cognitive def-
icits in subjects displaying very mild respiratory symptoms or even in asymptomatic
cases, suggesting that the development of severe breathing pathology may not be a man-
datory element to trigger changes in cognition [70].

In summary, it has been hypothesized that the direct damages to neuronal cells (es-
pecially glial cells rather than neurons), a state of hyperinflammation induced by SARS-
CoV-2 and brain hypoxia due to a low level of blood oxygen, can all lead to cerebral alter-
ations observed in some subjects, which do not seem to be restored even after infection
clearance [56,86,96]. These factors might be the primary causes of the onset of cognitive
impairments [38,61,124,126,127]. However, more studies should be conducted on the de-
velopment of cognitive impairment post-COVID-19, including the use of neuroimaging
and neuroinflammatory biomarkers and the stratification of the samples according to the
severity of the respiratory symptoms in order to better comprehend the pathophysiologi-
cal determinants of cognitive impairments.

5. Conclusions

The current review reinforces the general idea that there is a link between COVID-19
illness and the onset of cognitive impairment. Therefore, since a large subset of subjects
affected by COVID-19 presents these cognitive deficits, the implementation of their as-
sessment should become part of the routine clinical practice for these patients. In fact, due
to the severe impact of these symptoms on the quality of life, early detection and inter-
vention could improve their resolution in the long run.

However, despite this evident relationship, the current review highlights how there
is a need for further studies with: (1) a longitudinal design; (2) an extensive and standard-
ized assessment of the different cognitive domains; (3) representative and balanced sam-
ples of subjects and control groups of participants; (4) data on neuroimaging and inflam-
matory biomarkers.
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A greater attention to these methodological issues might help to identify the neuro-
biological correlates of COVID-19-related cognitive impairment and evaluate their
courses over time, leading to the development of preventive and therapeutic strategies for
this concerning consequence of the infection.
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