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Introduction: We conducted a systematic review and meta-analysis of the cognitive

Lucia Crivelli and Katie Palmer are joint first TSRS
authors. Methods: Searches in Medline/Web of Science/Embase from January 1, 2020, to
December 13,2021, were performed following Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines. A meta-analysis of the Mon-
treal Cognitive Assessment (MoCA) total score comparing recovered COVID-19 and
healthy controls was performed.

Results: Oof 6202 articles, 27 studies with 2049 individuals were included (mean age =
56.05 years, evaluation time ranged from the acute phase to 7 months post-infection).
Impairment in executive functions, attention, and memory were found in post-COVID-
19 patients. The meta-analysis was performed with a subgroup of 290 individuals and
showed a difference in MoCA score between post-COVID-19 patients versus controls

(mean difference = —0.94, 95% confidence interval [CI] —1.59, —0.29; P = .0049).
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1 | INTRODUCTION

With an increasing number of individuals recovering from severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, there is
an urgent need to study the medium- and long-term consequences
of the disease. Growing evidence suggests that some patients exhibit
symptoms such as fatigue, “brain fog,” or cognitive complaints after the
acute infection stage, commonly referred to as “Long COVID.”! A 6-
month study using multidimensional data from the medical records of
73,435 coronavirus disease 2019 (COVID-19) patients showed that,
after the first 30 days of illness, individuals have an increased risk of
death, higher health resource utilization, and an increased burden from
neurocognitive disorders.! Indeed, evidence from previous epidemics
shows that subsequent neurological and, particularly, cognitive com-
plications can occur, such as in the severe influenza epidemic from
1918 to 1921 (also known as the Spanish flu).2 More recently, cases of
encephalitis, sensory impairment, coma, and severe neurological dam-
age were reported during the Middle East respiratory syndrome coro-
navirus (MERS-CoV) outbreak in 20123 and vascular or inflammatory
damage of the brain and central nervous system in people affected by
the severe acute respiratory syndrome coronavirus (SARS-CoV) out-
break in 2003.4

Cognitive dysfunction has a significant impact on functionality and
quality of life.> Given the high incidence of COVID-19 and the associ-
ated economic, health, and social burden of the epidemic, studying its
occurrence and underlying mechanisms is crucial. In the current sys-
tematic review, we assess whether there is an increased occurrence of
cognitive deficits in adult patients with COVID-19 who previously had

no cognitive impairment.

2 | MATERIALS AND METHODS

The protocol of the present study was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) (registra-
tion number CRD42021243026). This systematic review was reported
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations.®

2.1 | Eligibility criteria

The PICOS (Population, Intervention/issue of interest, Compari-
son, Outcome, and Study design) method was used.” The popula-
tion included COVID-19 patients with no previous cognitive impair-

Discussion: Patients recovered from COVID-19 have lower general cognition com-

pared to healthy controls up to 7 months post-infection.

attention, cognition, cognitive dysfunction, COVID-19, executive functions, neuropsychological
test, SARS-CoV-2 coronavirus

ment. The intervention/exposure included being ill with COVID-
19 disease (confirmed by real time-polymerase chain reaction (RT-
PCR)/nasopharyngeal swabs). The comparison group was specified as
healthy controls with no history of COVID-19 infection or patients
enrolled pre-pandemic. Outcomes included neuropsychological test
performance (either during the acute phase of COVID-19 or after
recovery).

The eligibility criteria were as follows: (1) studies including adults
with no prior history of cognitive impairment who had been diag-
nosed with COVID-19; (2) studies reporting neuropsychological out-
comes after COVID-19 disease; and (3) studies published in English,
Spanish, or Portuguese. The search was conducted to identify articles
published since the start of the COVID-19 pandemic; therefore, the
search dates ranged from January 1, 2020 to December 13, 2021. We
excluded: (1) studies including patients with a history of dementia, mild
cognitive impairment, or subjective cognitive impairment; (2) edito-
rials/commentaries, duplicate publications, non-peer-reviewed publi-
cations/gray literature, and review articles; (3) pediatric studies (age

<18), and (4) animal or pre-clinical studies.

2.2 | Search strategy
A systematic search of the literature was performed on March 19,2021
in three electronic databases: Medline, Web of Science, and Embase.
The search terms used were devised by an expert group of neurologists,
epidemiologists, and neuropsychologists, and included the following
keywords: COVID-19, Coronavirus, COVID19, SARS-CoV-2, 2019-n-
CoV, pandemic, cognition, Cognitive, Memory, Major cognitive disor-
der, mild cognitive impairment, mild neurocognitive disorder, MCI, cog-
nitive decline, cognitive deficit, major neurocognitive disorder, cogni-
tive impairment, memory impairment, MMSE, MoCA, neuropsychol-
ogy, neuropsychological impact, executive function, attention deficit,
language, visuospatial, dysexecutive syndrome, orientation, concen-
tration, verbal fluency, and processing speed.

Reference lists of publications were also screened to identify addi-

tional articles.

2.3 | Study inclusion and exclusion criteria
Two reviewers independently screened the titles and abstracts accord-
ing to the eligibility criteria. Disagreements were discussed with a third

reviewer and subsequently resolved via consensus (Figure 1).
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2.4 | Data extraction and synthesis and risk of bias
The following data categories were collected when available: study
design, sample size, country, patient demographics, population set-
ting, time of assessment related to COVID-19 infection, cognitive test-
ing instruments, neuropsychological findings, and COVID-19 disease
severity calculated using the World Health Organization (WHO) scale:
WHO/2019-nCoV/clinical/2020.5.8 One of the reviewers performed
the data extraction and the other reviewer assessed the accuracy of the
extracted data. We performed a meta-analysis on articles (minimum n
= 3) that included the same outcome (eg, the same neuropsychological
test).

2.5 | Statistical analysis and assessment of bias

A meta-analysis was conducted based on the neuropsychological test
total scores between individuals who had versus those who did not
have COVID-19. All data were analyzed using R v4.0.5 (March 31,
2021) and the meta and dmetar packages. Heterogeneity was mea-
sured through Higgin & Thompson 12 and DerSimonian-Laird esti-
mator for tau? statistics and tested with Cochran Q test. For pool-
ing effect sizes and the estimation of the overall effect size of the
studies, we applied a random-effects model approach. As a sum-
mary measure, we calculated the mean difference (MD) between
groups. We defined a statistical significance level of P < .05 (two-
sided), and effects and predictions are presented with a 95% confi-
dence interval (Cl). We assessed publication bias with a funnel plot
and Egger test for asymmetry. Two reviewers independently rated
the quality of included studies using the Newcastle-Ottawa Scale
(NOS).?

3 | RESULTS

3.1 | Overview of the included studies

After removing duplicates, a total of 6202 records were identified from
the databases (Figure 1); 6012 were excluded after screening the titles
and abstracts. After reading the full text, 115 were excluded because
they were not related to the aims (n = 64); had a pediatric popula-
tion (n = 26); or the language was not English, Spanish, or Portuguese
(n = 25). Thus, 27 studies were included in the final review with 2103
patients and 506 healthy controls. The mean age of COVID cases was
56.05 years range (50.03 to 62.07), and for the controls it was 50.30
years (range 43.56 to 57.05], with no statistically significant age dif-
ference (P = .083). There was a female proportion of 0.44 (0.39; 0.48)
in patients and 0.50 (0.43; 0.57) in controls. Characteristics of the
included studies are presented in Table 1. Thirteen were cohort studies,
seven were case-control studies, five were case series, and two were
case reports. Studies included patients with a range of disease severity,
from asymptomatic COVID-19 to severe infection that required admit-
tance to an intensive care unit (ICU). The time from infection to neu-
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RESEARCH IN CONTEXT

1. Systematic Review: Studies were identified from
searches using Medline/Web of Science/Embase sources
and following Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.
Although cognitive consequences of coronavirus disease
2019 (COVID-19) have not been studied widely, several
recent publications describe the impact of COVID-19 on
cognition. In addition, a meta-analysis of the Montreal
Cognitive Assessment (MoCA) total score comparing
COVID and non-COVID patients was performed.

2. Interpretation: Our systematic review and meta-analysis
findings lead to an integrated hypothesis describing the
cognitive consequences of COVID-19. This hypothesis
applies both to the acute phase and to assessment 6
months after recovery from the infection.

3. Future Directions: Prospective studies should be
designed systematically to include pre-morbid clinical
data from COVID-19 patients and a wide range of sever-
ity levels, including asymptomatic cases. Larger numbers
of patients should be investigated during more extended
follow-up periods.

ropsychological assessment ranged from the acute phase of COVID-
1910-13 yp to 7 months after infection.’* A range of general cognitive
screening tools as well as more extensive neuropsychological batter-
ies were used to assess cognitive functioning (see Table 1), with some
outcomes assessed as continuous variables, whereas other studies!>1¢
categorized the outcome as cognitive impairment (mild, moderate, or
severe) versus no cognitive deficits according to specific criteria. Most
studies were from Europe (n = 16), with two from Asia, five from North
America (the United States), three from South America, and one from

Central America (Table 1).

3.2 | Cognitive functioning during the acute phase
of COVID-19

Five studies examined patients in the acute stage of COVID-19.10-13
A case report by Tolentino et al.® followed up a patient with moder-
ate COVID-19 throughout the disease course and found that cogni-
tive deficits increased until day 10, after which the cognitive function-
ing began to improve until a normal performance was achieved on day
16. Another case-control study including young asymptomatic patients
(mean age 36.2 + 11.7) found differences between cases and healthy
controls in fluency (P <.001), visual-perception (P = .032), and nam-
ing (P = .016).1! The occurrence of cognitive impairment in the acute
COVID-19 phase ranged from 61.5% in a cohort of mild to moder-

ate patients in a general hospital'? to 80% in a cohort of moderate to
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FIGURE 1

severe patients in a rehabilitation clinic, 40% of them with mild to mod-
erate depression.?

Case reports and case series (n = 7)1317-22 explored cogni-
tion in-depth and reported low scores on executive functions,
attention, memory, and verbal fluency during the acute phase
of COVID-19. A case report??2 described a young patient with
new-onset transient attention and memory deficits following a
SARS-CoV-2 infection that had normalized completely at 3-months

follow-up.

3.3 | Cognitive functioning following COVID-19
recovery

The case-control studies reported mainly consistent results; all found
significantly lower scores in cognition in the post-COVID-19 patient
group compared to controls. Although some studies found deficits in
global scores of screening measures?324 and sub-scores of attention,
memory, and executive functions, others2° found deficits in only spe-
cific cognitive domains, principally attention. A study focusing on a
young population (mean age 42.2 + 14.3 years) reported cognitive
impairment on Montreal Cognitive Assessment (MoCA) in COVID-19
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patients, which did not correlate with neuropsychiatric symptoms or
disease severity.2¢

Cohort studies showed a high occurrence of moderate cognitive
impairment in post-COVID-19 patients, exceeding 50% in all studies
that reported prevalence,'21516.27 ranging from 54% in a cohort of
consecutive patients admitted to hospital with moderate COVID-191°
to 65% in a cohort of moderate to severe patients.?” A study® on
patients with moderate to severe COVID-19 (mean age 57, interquar-
tile range [IQR] 49-67) reported that 58.7% met criteria for mod-
erate neurocognitive impairment and 18.4% for severe neurocogni-
tive impairment 2 months after discharge. Specifically, the cognitive
domains mostly impaired were immediate verbal memory impairment
(38% moderate, 11.2% severe) and semantic verbal fluency (34.6%
moderate deficits and 8.4% severe). In addition, studies found cognitive
deficits in verbal fluency, attention, executive functions, and delayed
memory.121527-29 | 3 study by Hosp et al.,'® neurological symptoms
and executive deficits correlated with frontoparietal hypometabolism
in fluorodeoxyglucose (FDG)-positron emission tomography (PET).
Conversely, a recent cohort study° in patients (n = 31) in the long-
term phase after COVID-19 (202 + 58 days after positive PCR)
with self-reported symptoms of Long COVID showed minor cogni-

tive impairments only on the single-patient level. In contrast, cerebral
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TABLE 1 (Continued)

First

author,

Year Country

COHORT

Alemanno Italy
2021

Becker USA
2021

Crivelli Argen-
2021 tina

Population
settings

Hospital

Health
System
Institu-
tional

Neurolo-
gical
Clinic

Age

672+
12.8

49.0
+14.2

50 +
43.63

Sex (F
%)

29.0

63

49

COVID-19
cases (n
Severity)

87 Moder-
ateto
severe

Four
severity
groups

740 Mild
to
severe

45 Mild to
severe

Healthy
controls (n
Defini-
tion)

No

45 Health
subjects

Time of
assessment

Acute phase
of
COVID-19
and 1
month after
infection

7 months after
diagnosis

5 months after
illness

Cognitive test

MoCA, MMSE,
HRSD, and DTS

Digit Span
Forwards and
Backward, TMT,
phonological
and category
fluency, and
HVLT-R.

MoCA, TMT, Digit
Span Forwards
and
Digit-Symbol
Coding, Craft
Story, RAVLT,
Benson Figure,
WISC, Stroop,
MINT,
phonological
fluency, and
HADS

Results

Patients were divided in four groups
according to the respiratory support they
received in the acute phase of the disease

Group 1 had higher scores than Group 3 for
visuospatial/executive functions (P =
.016), naming (P =.024), short- and
long-term memory (P =.010; P =.005),
abstraction (P =.024), and orientation (P
=.034).

Hospitalized patients were more likely to
have impairments in attention (odds ratio
[OR]: 2.8; 95% Cl: 1.3-5.9), executive
functioning (OR: 1.8; 95% ClI: 1.0-3.4),
category fluency (OR: 3.0; 95% Cl:
1.7-5.2), memory encoding (OR: 2.3; 95%
Cl: 1.3-4.1), and memory recall (OR: 2.2;
95% Cl: 1.3-3.8) than those in the
outpatient group. Patients treated in the
ED were more likely to have impaired
category fluency (OR: 1.8; 95% CI:
1.1-3.1) and memory encoding (OR: 1.7;
95% Cl: 1.0-3.0) than those treated in the
outpatient setting.

***Significant differences between groups
were found in cognitive composites of
memory (p =0.016, Cohen’sd =0.73),
attention (P < 0.001, Cohen’sd = 1.2),
executive functions (p < 0.001, Cohen’s d
= 1.4), and language (p = 0.002, Cohend
=0.87).

Adjustment
or corrected
values

Severity of the
respiratory
compromise

Age, no
history of
dementia
and spoke
English or
Spanish

Age, sex, and
education

(Continues)
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Experimental Control

Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
Amalakanti et al. 2021 93 26.00 2.6000 102 26.10 3.0000 ——— -0.10 [0.89; 0.69] 26.5%
Del Brutto, et al 2021 52 19.60 42000 41 2170 40000 —*F—— -210 [-3.77,-043] 112%
Raman et al 2021* 58 26.98 3.0300 30 27.84 1.4600 — -0.86 [-1.80; 0.08] 22.8%
Triana et al. 2020 42 2343 3.0540 100 25.12 3.3670 — -1.69 [-2.83;-0.55] 18.7%
Crivelli et al. 2021 45 26.40 29000 45 2720 1.9900 — T -0.80 [-1.83; 0.23] 20.8%
Random effects model 290 318 ~= -0.94 [-1.59; -0.29] 100.0%
Prediction interval —— [-2.87; 0.99]
Heterogeneity: /2 = 48%, 2 = 0.2582, p = 0.10

FIGURE 2 MoCA meta-analysis forest plot

F-FDG-PET failed to reveal adistinct pathological signature; however, a
high prevalence of fatigue was found in the sample. Ortelli et al. 202123
also found evidence for abnormal neuromuscular fatigue, cognitive
fatigue, apathy, and executive dysfunction in post-COVID-19 patients
compared to healthy controls.

The study that assessed patients in the longest term since infection
(7 months)'* included 749 young patients (mean age 49, IQR 38-59)
with moderate to severe infection and found a high frequency of cogni-
tive impairment. The most prominent deficits were in processing speed
(18%, n = 133), executive function (16%, n = 118), phonemic fluency
(15%, n = 111) and category fluency (20%, n = 148), memory encoding
(24%, n = 178), and memory recall (23%, n = 170).

3.3.1 | Longitudinal studies on global cognition

Two cohort studies had longitudinal measures over two time
points.’%31 One study from Ecuador included pre-pandemic mea-
sures of cognitive functioning®!; seropositive mildly symptomatic
COVID-19 patients had a significantly larger cognitive decline over 6
months in MoCA scores than seronegative individuals (21% vs 2%).
The risk of cognitive decline was 18.1 times higher among SARS-CoV-
2-seropositive individuals (95% Cl 1.7, 188; P = .015) after adjustment
for cardiovascular risk factors, sleep quality, depression, and edu-
cation. The study that reported the higher prevalence of cognitive
impairment during the acute phase of COVID-19° followed up the
cohort 1 month after discharge and found that MoCA and Mini-Mental
Status Examination (MMSE) total scores were significantly higher than

at admission.

3.4 | Effect of disease severity and symptoms

There is an insufficient number of published papers to make conclu-
sions about how the severity of COVID-19 or types of disease symp-
toms differentially affect cognition. A study that tested moderate to
severe hospitalized patients with functional dependence 1 month after
discharge found that patients who received treatment with mechani-
cal ventilation had better cognitive performance than those who only
received oxygen therapy.’? The former group of subjects had signif-
icantly higher performance in visuospatial/executive functions, nam-

ing, short- and long-term memory, abstraction, and orientation but

were also significantly younger than the latter group. Similarly, a cohort
study by Manera et al.32 found that patients presenting with adult res-
piratory distress syndrome (ARDS) who underwent intensive care suf-
fered less from cerebral hypoxia and thus had less cognitive sequels
than those treated with non-invasive ventilation.

Woo et al.3? studied 18 young patients with mild to moderate post-
COVID-19 (mean age 42.11 years) and assessed disease severity by
the length of sickness, length of inpatient stay, and the number of sus-
tained somatic symptoms, and they found that none of the variables
correlated with cognitive performance. Likewise, Miskowaik et al.2”
reported no association between the severity of COVID-19 and cog-
nitive functioning (3-4 months after recovery) in terms of length of
hospitalization, total requirement of oxygen during hospitalization, or
other acute severity markers. However, global cognitive impairment
and executive dysfunction both correlated with the severity of respi-
ratory symptoms and poorer pulmonary function. Furthermore, higher
maximum D-dimer levels correlated with poorer verbal recall and psy-
chomotor speed. Conversely, a cohort study on moderate to severe
hospitalized patients 10 to 35 days after hospital discharge found that
patients who required oxygen had lower punctuations in verbal mem-
ory (P =.030), visual memory (P = .050), attention (P = .002), work-
ing memory (P = .036), complex working memory (P = .027), process-
ing speed (P = .035), and the global cognitive index (P = .010), com-
pared to ICU patients who only had worse executive functions (P =
.037).28 Accordingly, two studies®#35 compared ICU versus non-ICU
post-COVID patients and found significantly more severe and broad
impairment in ICU patients.

3.5 | Meta-analysis on Montreal Cognitive
Assessment (MoCA)

A total of five studies reporting MoCA results, including COVID-19
patients versus a control group,124279:31.36 yere included in the meta-
analysis. There was evidence of an effect of COVID-19 infection on
the total MoCA score (MD = —0.94, 95% CI —1.59, —0.29; P = .0049).
In addition, although influential assessment reports no outliers, it is
interesting to note that the study by Amalakanti'! was large and may
influence the overall findings (see Figure 2). This is the only study that
included asymptomatic young patients (mean age 36.2 + 11.7) and did
not find cognitive differences in MoCA but found deficits in a more

specific cognitive assessment. The heterogeneity was: 12 = 48.3%, 95%
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FIGURE 4 MoCA meta-analysis publication bias

Cl 0.0%, -81.0%; Q = 7.73, P = .10. Results from this meta-analysis
can be seen in Figure 3. The test of publication bias showed signifi-
cant asymmetry: Egger test = —4.959, 95% Cl —7.67, —2.25; P = .037.

The asymmetry in the figure (see Figure 4) indicates publication bias,
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FIGURE 5 Meta-regression Model: MoCA by age

the possibility that negative studies have not been submitted due to
being of less interest to the journals to be published. However, it must
be considered that Egger test may lack the statistical power to detect
bias when the number of studies is small (ie, k < 10). In addition, a
meta-regression analysis based on age was performed to study the
effects of age on MoCA of post-COVID-19 patients (see Figure 5).
We found an estimated change in MoCA total score of —0.064, 95%
Cl: —0.012, —0.116 for an increase of 1 year in age (z = —2.4148;
P=.0157).
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TABLE 2 Study designs and quality scoring using Newcastle-Ottawa Scale for non-randomized studies in meta-analyses and classification

according to AHRQ standards

Study Design Bias Rating Newcastle Ottawa AHRQ
Selection Comparability Outcome/exposure

Amalakanti. et al. 2021 Case control * * * Poor
Manera et al. 2021 Case control o * ** Good
Ortellietal. 2021 Case control o ** * Good
Ramanetal. 2021 Case control e ** ** Good
Triana. et al. 2020 Case control o ** * Poor
Woo, M.S. et al. 2020 Case control o * o Good
Zhou, H. T, et al. 2020 Case control ok ** ok Good
Alemanno, F, et al. 2021 Cohort * * ** Poor
Almeria et al. 2020 Cohort ** * * Fair
Becker et al. 2021 Cohort * = * Poor
Crivelliet al. 2021 Cohort o * * Good
Dressing et al. 2021 Cohort * - * Poor
Del Brutto et al. 2021 Cohort e * o Good
Ermisetal. 2021 Cohort ** = ** Poor
Mattioli et al. 2021 Cohort ** - ** Poor
Méndez et al. 2021 Cohort * = = Poor
Miskowiak et al. 2021 Cohort e ** e Good
Hellgren et al. 2021 Cohort o - > Poor
Hosp et al. 2021 Cohort o o o Good
Vannorsdall et al. 2021 Cohort e = * Poor
Yesilkaya et al. 2021 Case report
Tolentino, J.C., et al. 2021 Case report
Beaud et al. 2020 Case series
Groiss, S. J., et al. 2020 Case series
Hellmuth etal. 2021 Case series
Negrini et al. 2021 Case series
Whiteside, D. M., et al. 2021 Case series

3.6 | Risk of bias assessment 4 | DISCUSSION

Two reviewers independently rated the quality of included stud-
ies using the Newcastle-Ottawa Scale (or NOS)? (see Table 2).
The quality of case-control and cohort studies was assessed
judging three categories: the selection of the study groups, the
comparability of the groups; and the ascertainment of either the
exposure or outcome of interest for case-control or cohort stud-
ies, respectively. In summary, when using the Agency for Health
Research and Quality (AHRQ) threshold standards, 9 of the 20

studies were good,1%:232527.29.32.33,3631 1 \was fair,2® and 10 were
poor, 10-12.14,16.24,30,34,35,37

41 | Summary of main findings

Our systematic review highlighted that the evidence assessing the con-
sequences of COVID-19 on cognition is scarce. There are currently few
studies in the literature examining differences in cognitive function-
ing between patients with and without COVID-19, with only 27 stud-
ies published to date in people with no previous cognitive impairment.
Study designs—particularly, time of assessment, disease severity, and
neurological tests used for assessment—differed considerably, making

conclusions difficult. However, the results appear to suggest some form
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of cognitive deficits associated with COVID-19 in the acute and short-
term follow-up phase.

Our meta-analysis revealed that people with COVID-19 had poorer
general cognitive functioning, as measured with the MoCA, compared
to people without COVID-19 between assessment in the acute phase
and 6 months after infection. There was a mean difference of —0.94,
corresponding to an ~1-point difference on the MoCA. Although a 1-
point score may not seem to have large clinical significance, it is worth
noting that the mean age of participants was generally relatively low,
between 36.2 years in one study and 62.6 years in another; there-
fore, a 1-point difference in adults of this age may be relevant to their
functioning and subjective cognition. It is worth highlighting that meta-
regression analysis by age reported that an increase in age correlates
with enhanced cognitive disfunction.

Although few studies assess specific cognitive domains, gener-
ally the early results suggest that executive function, memory, and
attention are the domains that more frequently show differences
between COVID-19 patients and healthy controls up to 3 months after
illness.2327:33 Deficits were also seen in some studies for working mem-
ory, learning, delayed control, inhibitory control, set-shifting, phono-

logical verbal fluency, and processing speed.

4.2 | Interpretation of main findings
The pathological mechanisms that might underlie the potential cogni-
tive impairment associated with COVID-19 are still unclear, but may
include the direct effects of cellular damage due to viral invasion,
secondary inflammatory responses, decreased angiotensin-converting
enzyme 2 (ACE2) activity that regulates neuroprotective and neuro-
immunomodulatory functions; oxidative stress®®; and hypoxia, sepsis,
and/or multi-organ damage related to severe COVID-19. Cognitive
impairment in ARDS survivors ranges from 70% to 100% at hospital
discharge, 46% to 80% at 1 year, and 20% at 5 years.3? Studies on
hypoxia have demonstrated its negative effect on cognition,*® which
can present with heterogeneous patterns and severities. A metanaly-
sis compared ADRS patients with mixed ICU patients at discharge,*!
and found that cognitive deficits were significantly more frequent in
patients with ARDS (82%, 95% CI| 78%, 86%] vs 48%, 95% C| 44%,
52%).

In the case of post-COVID-19 cognitive impairment, this associ-
ation is less clear. Two studies included in this review reported a
relationship between cognitive impairment and poorer pulmonary

function,27:28

suggesting that reduced oxygen delivery to the brain
may play a role. However, not all studies report whether or not
their subjects have had ARDS, and in those that do report it, the
association between severity of ARDS (and therefore hypoxia) is not
established,?’” or they present conflicting results, ie, patients with
higher severity having better function.!® The interaction between
severity and age is something that should always be considered
when interpreting the results, as COVID-19 severity is age depen-
dent and age is a risk factor for cognitive impairment in the general

population.
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Another aspect that may underlie the onset of cognitive impair-
ment is vascular involvement. Only one of the studies reported D-dimer
levels,?” which were elevated in subjects with cognitive impairment.
Five of the reviewed studies reported imaging!21>2231.36 and no acute
vascular lesions were reported. However, this was not the main focus of
the studies included in this review, and future studies should focus on
the role of D-dimer and vascular consequences of COVID-19 and their
role in cognitive functioning.

It is possible that delirium may play a role in the association between
cognitive impairment and COVID-19. According to WHO, conscious-
ness and/or confusion can be a core symptom of COVID-19 at pre-
sentation (World Health Organization and International Severe Acute
Respiratory and Emerging Infection Consortium, COVID-19 Core Case
Report). Furthermore, a rapid review reported that more than half of
COVID-19 patients admitted to ICUs have delirium,*2 which is consis-
tent with similar coronaviruses such as MERS and SARS, where delir-
ium is frequently observed, especially in older persons, patients with
severe respiratory symptoms, and patients with pre-existing cognitive
impairment/dementia.*3

However, in our review, we excluded people with pre-existing cog-
nitive impairment, a population especially susceptible to delirium. Fur-
thermore, we described separately the studies performed in the acute
phase where delirium could have been present. In contrast, the remain-
ing studies were performed 2 weeks to 7 months after SAR-CoV-2
infection and, therefore, any reported cognitive impairment is unlikely
to be due to COVID-19-related delirium. Moreover, in the current
review, there was evidence of significant cognitive impairment even
in asymptomatic and mild cases of COVID-19. In the acute phase of
COVID-19, the etiology of delirium is likely to be multifactorial. Clini-
cal complications often seen in severe COVID-19, such as pneumonia,
ADRS, hypoxia, and respiratory failure are also independent risk fac-
tors for delirium.*?

Furthermore, interventions to treat ARDS can lead to delirium.
Other possible mechanisms are systematic inflammation infecting the
central nervous system (CNS) or a storm of intracranial cytokines medi-
ated by blood-brain barrier permeabilization.*? These mechanisms
could also contribute to cognitive impairment in patients in the acute
phase of COVID-19.

4.3 | Strengths and limitations

The strength of our study was that the systematic review process
was conducted according to PRISMA guidelines. However, several lim-
itations should be noted. First, the available evidence was obtained
from a small number of studies conducted with small sample sizes.
Second, some studies used cognitive screening tools and measures of
general cognitive functioning rather than a comprehensive battery of
domain-specific tests. Third, we focused on people who had been cog-
nitively intact prior to being infected with SARS-CoV-2, but the adverse
effects of age and other pre-existing comorbidities were not consid-
ered. Fourth, due to heterogeneity of outcome assessments, we were

only able to perform a meta-analysis on a small subsample of studies
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and were unable to assess dichotomous categories of clinically signifi-
cant cognitive impairment. Furthermore, the heterogeneity of studies
prevents us from drawing firm conclusions, as there were differences
between study populations and designs in terms of disease severity
and time of assessment, among others. Finally, due to the fact that the
pandemic is a recent event, long-term follow-ups to establish how long
cognitive impairment persists after COVID-19 recovery are still not
possible.

44 | Future research

There is an urgent need for more studies on the topic of the cogni-
tive consequences of COVID-19, as there is currently insufficient
evidence in the literature. Prospective studies comparing healthy
controls with recovered COVID-19 patients should be designed
systematically and include a wide range of severity levels, including
asymptomatic cases, and mild, moderate, and severe COVID-19
patients. Larger numbers of patients should be investigated at the end
of the acute phase and during longer follow-up periods to verify the
duration of symptoms and any improvement or stabilization of cog-
nitive functioning. The patients’ pre-morbid demographic and clinical
profile should be described and, along with the COVID-19 spectrum,
correlated with the presence, severity, and duration of cogni-
tive impairment. Several registries and databases are now active
worldwide.***> Existing studies and cohorts with pre-pandemic data
may also help to establish intra-individual changes in people who later
develop COVID-19. Because we are still in the early phases of the pan-
demic, there is currently limited follow-up time to effectively establish
the long-term effects. Thus, studies with longer follow-up, up to a year
and beyond, are needed. Study protocols should use comprehensive
cognitive batteries and periodical long-term cognitive assessment,
preferably standardized to allow for cross-country comparisons. There
was only one study from low- and middle-income countries (LMICs)*1;
therefore, more extensive research into these regions is needed,
especially due to the potential role of education on cognitive reserve.
Low formal education has been found to have a deleterious impact
on cognition.*¢ This is why it would be interesting to include and
promote post-COVID-19 cognitive studies in LMICs where education
levels are low, and to study how cognitive reserve may interact with

post-COVID-19 cognitive impairment.

4.5 | Relevance and implications

The results of the review have several implications from clinical, indi-
vidual, and public health perspectives. It has been suggested that
there may be a “Long-COVID” syndrome of which cognitive dysfunc-
tion might be a symptom.*” Until now, although rapid guidelines for
managing long-term symptoms of COVID-19 have been published,*®
there are no internationally established diagnostic criteria for long-
term COVID syndrome. The research described in the current review

may provide important insights into which cognitive deficits should be

evaluated in any future diagnostic criteria, although more research is
needed.

Furthermore, from an individual perspective, cognitive impairments
associated with COVID-19 may affect quality of life and functioning
(eg, more than 80% of patients reported experiencing severe cogni-
tive difficulties in daily life 4 months after hospital discharge?”). This
highlights the importance of systematic cognitive screening in COVID-
19 patients after illness, which may be an important element of post-
COVID-19 care and management. MoCA was the most commonly used
tool in the studies reported in this review, so this may be a relevant
screening tool for post-COVID-19 cognitive assessment. However, the
recent development of other digital cognitive screening tools may pro-
vide other alternatives.*?

As our knowledge base grows, it may be relevant to develop and
assess potential interventions for post-COVID-19 patients with persis-
tent cognitive impairments. As mentioned previously, there is still not
sufficient follow-up time to establish how long the potential cognitive
effects of COVID-19 last in affected individuals, so these implications

may differ as time progresses.

5 | CONCLUSION

Our systematic review highlighted a lack of studies investigating the
effect of COVID-19 on cognitive functioning, particularly with regard
to specific cognitive domains. Although the meta-analysis suggests that
patients with COVID-19 have lower general cognition compared to
healthy controls after they have recovered, evidence is still lacking, and
no firm conclusions can be drawn. However, this preliminary evidence
suggests that individuals may experience cognitive impairment after
recovery from COVID-19, and future studies will need to further clar-
ify how long these symptoms persist and whether they are associated
with specific characteristics of the patient.
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