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Abstract

Background Thesevere acute respiratory syndrome coronavirus-2 (SARS-CoV-2) represents the most recent severe pandemic
resulting in coronavirus disease 2019 (COVID-19). COVID-19 can damage the central nervous system, requiring admission
to intensive care units (ICU) and aggressive treatments (long-term ventilatory assistance and sedation) to stabilize vitals.
Most post-COVID-19 patients experience cognitive impairments and mood or stress disorders.

We aimed to study the frequency of cognitive deficits in COVID-19 survivors, the relationship between clinical factors in
the acute phase and cognitive outcomes, affective states, and quality of life. We explored cognitive reserve (CR) role, as a
post-COVID-19 resilience factor.

Methods Twenty-nine COVID-19 inpatients were assessed using a neuropsychological battery, mood scales, quality of life,
and social integration questionnaires. Twenty-five were retained through telephone follow-up to monitor cognitive sequelae,
affective states, and reintegration levels roughly 8 months after hospital discharge. We administered the Cognitive Reserve
Index questionnaire.

Results We found most patients display no cognitive deficits. When they did, multi-domain impairment occurred most
frequently, especially involving executive functions. Results revealed a significant correlation between depression levels
and the interval between ICU admission and tracheal tube removal. We found increased levels of depression and anxiety at
follow-up, a significant relationship between resuming daily life activities, high CR, and executive functions.

Conclusions These findings suggest the importance of psychological support in the long term and the modulating role of
cognitive reserve in quality of life after infection.
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Introduction

The severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) that causes the coronavirus disease 2019
(COVID-19) represents the most recent severe pandemic
worldwide, with high morbidity and mortality: over 614 mil-
lion people infected since the beginning of the pandemic up
to September 30, 2022, and 6,522,000 deaths [1].
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Since the virus appeared, we observed several muta-
tions in terms of transmissibility, lethality, and symptoms,
resulting in extremely heterogeneous clinical pictures. This
has made it harder to investigate the association between
SARS-CoV-2 and neurological disorders. Thus far, sufficient
findings are demonstrating the deleterious effects of SARS-
CoV-2 on brain function [2], but the pathway is yet to be
clarified. A considerable amount of evidence has been accu-
mulated demonstrating that SARS-CoV-2 infection can dam-
age the central nervous system (CNS) directly [3], via blood
circulation and neuronal pathways, or indirectly [2], causing
hypoxia. For example, viruses can invade the CNS through
the olfactory membrane: they enter either the blood or lymph
vessels and, consequently, can directly damage the brain by
disrupting the blood—brain barrier [4]. Alternatively, viruses
can migrate through the cribriform plate by infecting the
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trigeminal or vagal nerve [5]. Indirect neurologic complica-
tions should also be considered since SARS-CoV-2 often
causes a severe respiratory viral illness that affects alveolar
gas exchange, resulting in severe CNS damage [2]. These
damages often require aggressive treatments, admission to
intensive care units, long-term ventilatory assistance, and
sedation to stabilize vitals. Moreover, most of these patients
can experience dizziness, vertigo, anosmia, seizures, stroke,
myopathies, encephalitis, Guillain—-Barre syndrome, and
delirium [6] during the process of weaning from mechanical
ventilation or tracheal tube. Among the neurological altera-
tions described, delirium is one of the main factors related to
cognitive impairment [7], which is, in turn, linked to mood
and post-traumatic stress disorders [8].

What about post-acute COVID-19 sequelae symptoms?
To date, cognitive sequelae and psychological symptoms
have been described in post-COVID-19 patients, but only a
few studies focused on the relationship between the sever-
ity of the acute-phase disease and post-acute COVID-19
sequelae symptoms [9—12]. To fulfill this gap, we assessed
COVID-19 survivors admitted to the intensive care unit
(ICU) during the initial stages of the pandemic. By using
tests spanning across different cognitive domains, we aimed
to (1) describe the frequency of deficits for specific cogni-
tive domains, estimating the frequency of single- and multi-
impairments, (2) investigate whether certain clinical factors
related to the acute-phase disease severity were associated
with cognitive deficits and the persistence of “brain fog”
later on the acute event [13], (3) investigate the impact of
the severity of the acute-phase disease on affective states
and social life along with the (4) cognitive reserve (CR)
role, as a plausible explanation of individual functional out-
come and resilience to COVID-19 roughly 8 months after
the discharge from the rehabilitation structure. CR refers
to individual differences which allow people to better cope
with brain pathology [14]. It has been demonstrated that
CR has a protective role in several clinical and non-clinical
populations [15]. To date and to the best of our knowledge,
very few studies have already demonstrated the effect of
CR in COVID-19 patients as a modulator on cognition and
psychological symptoms [9, 16]. Here, we want to replicate
these results in our sample.

Methods
Study design and participants

This is a prospective and observational cohort study per-
formed in a tertiary hospital, Centro Cardinal Ferrari (CCF).
We included 29 subjects admitted to our rehabilitative hos-
pital, from April 5, 2020, to July 31, 2020, after SARS-
CoV-2 infection. The inclusion criteria for this study were
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(a) having had COVID-19 symptoms and confirmed positive
for SARS-CoV-2 via polymerase chain reaction (PCR) and/
or serology (anti-SARS-CoV2 IgM or IgG), (b) having been
hospitalized in an Intensive Care Unit (ICU) with invasive
mechanical ventilation (imv), and (c) being 18 + years old.
The exclusion criterion was documented medical history of
neurological or psychiatric conditions before the infection.
Among the 29 initial patients, 25 were retained through
follow-up. We performed a follow-up roughly 209 days
after the discharge (209.44 +38.72; mode: 8 months) via
phone interviews. Losses to follow-up included 4 individu-
als who declined to participate or were unresponsive to the
invitation.

All patients gave informed consent for the study. This
research has been approved by the Ethics Committee Area
Vasta Emilia Nord (AVEN, protocol nr. 616/2020/0SS/
AUSLPR, August 24, 2020).

Medical management and assessment

Medical treatments were performed at the admission to
the CCF (Admission) until they were needed, as described
below. Subsequently, cognitive and psychological evalu-
ations were carried out (hospitalization). Psychological
symptoms were also evaluated at discharge (discharge)
and follow-up (follow-up). At follow-up, we also moni-
tored the cognitive status and the ability to resume daily
life activities. The timeline is depicted in Supplemental
Information S1.

Medical treatments

All patients during the acute phase received medical care to
both stabilize vital signs and led to COVID-symptoms reso-
lution. To achieve the first goal, all the patients were admit-
ted to ICU, and all of them needed tracheostomy, imv, and
high-flow oxygen therapy. Subsequently, our well-integrated
multi-professional team was able to wean patients from
mechanical devices (imv, tracheostomy tube) and sedative
drug therapies, namely, methadone, and benzodiazepines, by
continuously monitoring SaO, and daily arterial blood gas
checks patients together to intensive respiratory therapy by
assisted cough [17]. In the meantime, all patients underwent
motor and functional rehabilitation. The exercises focused
on muscle strengthening to gradually recover from general-
ized muscle weakness and increase fatigue tolerance, bed-
to-chair mobility, wheelchair skills, pre-gait (sit-to-stand),
and activities of daily living (ADL) training.

Neuropsychological assessment

Patients’ cognitive and psychological evaluations were
performed after 3 criteria were met: (1) complete
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weaning from the sedative and antipsychotic drugs, (2)
clinical stability defined by stabilized respiratory condi-
tion (PaO2/Fi02 > 300), and (3) score greater than 75 on
the Galveston Orientation and Amnesia Test (GOAT).
Tests were administered by expert neuropsychologists
at CCF.

Cognitive aspects of mental function were evaluated by
Addenbrooke’s Cognitive Examination Revised (ACE-R).
A comprehensive neuropsychological assessment (NA) was
available as well, and it included multiple tests for each of
the following cognitive domains: attention, learning and
short- and long-term memory, and executive functions.

These tests were administered: Trail Making Test (TMT),
Raven’s Progressive Matrices 1938 (PM38), Verbal Reason-
ing Test (VRT), Long-term Verbal Memory (Prose Mem-
ory), Rey auditory verbal learning test (15-Rey), Stroop
test, Wisconsin Card Sorting Test (WCST), Block Tapping
long-memory test (Corsi supraspan), Digit Span forward and
backward, Block Tapping Short-Memory Test forward and
backward (Corsi span), Rey-Osterrieth Complex Figure Test.

Neuropsychological scores were adjusted for age, sex,
and education and were analyzed according to the method
of equivalent scores (ESs), as described by Capitani and
Laiacona [18]. The system of ESs provides, for each test,
a result that ranges from 0 to 4: ESs=0 accounts for the
lower 5th percentile of the population; ESs=1 indicates
a score between the 5th and 20th percentiles; ESs =2 and
3 indicates a score between the 20th and 50th percentiles;
ESs=4 corresponds to score above the 50th percentile. A
clinical meaning for each point has also been proposed [19],
and it allows us to classify the performance of the tests as
“defective” (ESs=0), “borderline” (ESs=1), “low-end nor-
mal” (ESs=2), and “normal” (ESs=3 and 4). In addition to
cognitive measures, patients were administered the Hospital
Anxiety and Depression Scale (HADS) as a brief measure
for anxiety and depression levels, beyond the World Health
Organization Quality of Life (WHOQOL-100) and Impact
of Event Scale (IES), evaluating the quality of life and social
integration and post-traumatic stress levels, respectively. At
discharge, on an average of 102.7 days since the ICU admis-
sion (102.69 +41.45 days; range: 54-234), we reassessed the
affective state of patients by using the same scales (HADS,
WHOQOL, and IES). A complete list with full test names
and references is provided in Supplemental Information S2.

Follow-up assessment

On an average of 8 months after the discharge, a telephone
assessment of the cognitive status was performed by using
the remote version of the Global Examination of Mental
State (tele-GEMS). To monitor the affective state and the
individual’s ability to resume daily life activities within the
community, we administered HADS and the Reintegration to

Normal Living Index (RNLI), respectively. We also made a
brief qualitative assessment to evaluate subjective cognitive
failure and/or psychological symptoms. Finally, we admin-
istered the Cognitive Reserve Index questionnaire (CRIq).

Statistical analysis

Descriptive statistics were reported for socio-demographic
and clinical variables for the whole sample. Absolute num-
bers and percentages were used for categorical variables,
while mean and standard deviation were used for continu-
ous ones.

The HADS, WHOQOL-100, IES, RNLI, and CRIq (total
and sub-scores) have been considered as dependent variables
of interest separately.

First, we analyzed the frequency of the presence or
absence of cognitive deficits based on neuropsychological
test scores as a function of three categories: pathological
(ESs=0), limit (ESs=1), and normal (ESs >/=2). The dis-
tribution of test scores was analyzed by grouping them into
cognitive domains. To define cognitive domains, we ran a
principal component analysis (PCA) that included all the
test scores from NA [20]. To run the PCA, we transformed
individual raw scores from each test into percentiles.

Subsequently, we analyzed the frequency of cognitive
deficits in patients by classifying neuropsychological tests
according to the domains defined by the PCA. A cognitive
domain was classified as affected if it had at least one score
with ESs=0. This analysis aimed to see whether single- or
multi-domain impairment occurs after SARS-CoV-2 infec-
tion. Additionally, we aimed to explore the most frequent
associations of cognitive deficits. Finally, we performed
analyses to explore the impact on cognition of the acute-
phase disease severity, evaluated through the variable hospi-
talization and tracheal tube removal, along with the affective
scores.

All statistical analyses were performed using MATLAB.
The significance level was set to p <0.05 for all analyses.

Results
Patient sample characteristics

Our sample (Supplemental Information S3) was composed
of 19 males (65%) and 10 females (35%), with a mean
age of 59.6 years (59.62 + 8.4; range: 43-75) and mean
level of education of 11 years (11.03 +3.81; range: 5-18).
All patients were hospitalized for an average of 55 days
(55.00+30.28 days; range: 28—137) before being admit-
ted to CCF. All entered the Intensive Care Unit (ICU)
(51.31 +£27.86 days; range: 23—128) and were intubated.
The tracheal tube was removed roughly 61 days after the
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ICU admission (61.41+30.51 days; range: 16—157). We
performed the neuropsychological assessment on an aver-
age of 78.24 days (SD =28.17; range: 30-137) since the
admission to ICU.

In the following sections, the results of the neuropsycho-
logical assessment and psychological functioning, together
with their associations with clinical factors and the cognitive
reserve, will be described.

Cognitive status and test scores distribution

We found normal overall cognitive functioning (Supplemen-
tal Information S4). General cognitive decline was observed
exclusively in one patient (3.4%) having a pathological
ACE-R score. An item-by-item analysis showed that this
patient scored low in these domains: attention/orientation,
memory, and lexical fluency.

Regarding NA, since we used several tests with many
scores, we grouped them into cognitive domains to better
describe our results in terms of cognitive processes that
are affected or spared in our sample. To identify the most
involved cognitive domains, we ran a PCA including the

percentiles from all tests used in NA, excluding the ACE-R
since it spans multiple cognitive domains as a screening
tool. The result of the PCA showed that three main fac-
tors (Figure S5) explained most of the variance (79.7%):
Learning and Long-Term Memory (L & LTM), including
all scores on Corsi Supraspan, Prose Memory, 15-Rey, and
recall Rey—Osterrieth complex figure; Attention (A), includ-
ing scores on TMT and Stroop test; Executive Functioning
(EF), including scores on VRT, PM38, WCST, Verbal Flu-
ency Test, Rey—Osterrieth complex figure (copy).

The scores from the digit and Corsi spans (forward and
backward) showed low loadings and were not associated
with any of the three main factors, so we grouped them
under the category “Short-Term and Working Memory”
(ST&WM). Since one score on the VRT remained out-
side the main factor EF but was from the same test, it was
included in the same factor for the analyses.

The number of test scores suggestive of cognitive deficits
(ESs=0) varied across tests and domains (Table 1 and Sup-
plemental Information S6). Specifically, the percentage of
abnormal test scores ranged from 10 to 31% depending on
the test in the L&LTM factor, from 7 to 17% for ST& WM,

Table 1 Distribution of test
scores according to the three

Distribution of test scores (n, %)

main categories (pathological, Pathological Limit Normal
ESs=0; limit, ESs=1; and
normal ES >/=2) and of mean Attention (A)
percentage of patients who Stroop — time 6 (20.69%) 1 (3.45%) 22 (75.86%)
ZTf::iSESS =0, 1, or 2-4 across Stroop — error 6 (20.69%) 0 23 (79.31%)
TMT — A 2 (6.9%) 4(13.79%) 23 (79.31%)
TMT — B 5 (17.24%) 6 (20.69%) 18 (62.07%)
Executive functions (FE)
Phonemic fluency 1 (3.45%) 1 (3.45%) 27 (93.10%)
Semantic fluency 1 (3.45%) 3 (10.34%) 25(86.21%)
P/S alternate fluency 2 (6.9%) 4 (13.79%) 23 (79.31%)
VRT 6 (20.69%) 2 (6.9%) 21 (72.41%)
PM38 1 (3.45%) 7 (24.14%) 21 (72.41%)
WCST 7 (24.14%) 3(10.34%) 19 (65.52%)
Rey-Osterrieth Complex Figure (copy) 8 (27.58%) 2 (6.9%) 19 (65.52%)
Learning and long-term memory (L&LTM)
Prose Memory — hierarchic score 4 (13.79%) 7 (24.14%) 18 (62.07%)
Prose Memory — non-hierarchic score 3(10.34%) 4 (13.79%) 22 (75.86%)
15-Rey (immediate) 3 (10.34%) 3(10.34%) 23 (79.32%)
15-Rey (delayed) 517.2%) 2 (6.9%) 22 (75.9%)
Corsi supraspan 5(17.2%) 2 (6.9%) 22 (75.9%)
Rey-Osterrieth Complex Figure (recall) 9 (31.1%) 1(3.4%) 19 (65.5%)
Short-term and working memory (ST&WM)
Digit span — forward 3 (10.3%) 1(3.4%) 25 (86.3%)
Digit span — backward 2 (6.9%) 8 (27.6%) 19 (65.5%)
Corsi span — forward 0 11 (37.9%) 18 (62.1%)
Corsi span — backward 5(17.2%) 2 (6.9%) 22 (75.9%)
Distribution of mean percentage (%) 13.8 12.2 74.0
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from 7 to 21% for A, and from 3 to 28% for EF. If we include
borderline scores (ESs=1), an increase of cognitive domains
affected can be observed, namely L&LTM (20-38%),
ST&WM (14 to 38%), A (21-38%), and EF (6-35%). Over-
all, 14% of the patients obtained a pathological score while
74% of them obtained a normal score. This percentage can
be increased up to 86% if borderline scores were added.

Patients with cognitive deficits by domains

Our results show that almost half of the tested patients
(12/29) did not pathologically score (ESs=0) in any of
the NA tests. Most of the remaining patients (n=17) did
not show signs of cognitive deficits either. Specifically, an
average of 22% of subjects scored ESs =0 across tests, 14%
scored ESs=1, and 64% scored ESs > 1. When impairment
occurred, multiple-domain than single-domain impair-
ment was more frequent (76.5% vs 23.5%) (X2(1)=9.53,
p=0.002). Attention deficits were the most frequent types
of deficits in patients with single-domain impairment
(18.0%), significantly exceeding deficits in EF (p <0.001)
and L&LTM (p <0.001). Executive function was the cogni-
tive domain most frequently impaired in conjunction with
other domains in patients with multiple-domain impairment,
especially with L&LTM (Supplemental Information S5).

Clinical variables and cognitive reserve

We assessed the affective states of inpatients (depression,
anxiety, quality of life, and post-traumatic stress), but rarely
we found pathological results. Subsequently, we performed
further analyses to explore the effect of ICU hospitalization
on cognition and affective states. First, correlations between
individual durations of hospitalization in the ICU and the
composite scores for each cognitive domain were not sig-
nificant (A: r=0.30, p=0.15; L&LTM: r=0.1, p=0.52; EF:
r=0.1, p=0.51), suggesting that there is no effect of this
variable on the magnitude of cognitive impairment. Sec-
ond, we correlated the composite scores of the cognitive
domains and the number of days before the tracheal tube
removal. The results did not show any significant relation-
ship between this association. On the contrary, significant
correlations were found between the sub-score “depression”
of the HADS scale and the number of elapsed days since the
ICU admission to the tracheal tube removal (Fig. 1, r=0.69,
p=0.002).

This finding suggests a positive relationship between
depression levels and a variable, such as tracheal tube
removal, which could be considered an illness indicator.
Third, correlations between anxiety and depression sub-
scores from the HADS and all domain factors were per-
formed. There were no significant correlations between anxi-
ety sub-scores and cognitive domains. We only observed that
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Fig.1 Significant correlations between the score at the Depression
subscale of HADS and the number of elapsed days when the tracheal
tube was removed starting from the admission to the ICU; r=0.69,
p<0.05

the whole sample showed a lower depression sub-score at
the hospital discharge than the one displayed at the admis-
sion (Fig. 2, left, p=0.036).

Similarly, lower scores were displayed on physical area
(p=0.01) and psychological area (p =0.009) of the WHO-
QOL-100 scale at the hospital discharge compared with
the one at the admission (Fig. 2, right). Finally, we further
investigated the relationship between the cognitive reserve
and the performance of patients on NA tests. Remarkably,
we found a positive correlation between the CRIq score and
EF domain (VRT, WCST, and PM38, Fig. 3).

Cognitive and affective states in the follow-up
of patients with COVID-19

At follow-up, we assessed the global cognitive status of
patients by tele-GEMS, as it can be administered by phone.
We found that 3 out of 25 recruited patients scored below the
cut-off. However, the relatively small sample of the present
follow-up does not permit the statistical testing of the sig-
nificance of this cognitive decay. Regarding the HADS scale,
we found that the score increased up to the initial level for
both the Anxiety and Depression scales (Fig. 2, left), even if
this increase is not statistically significant. Finally, we found
a significant relationship between the RNLI scores and the
ones on VRT, WCST, and PM38 tests (Fig. 4).

CRIq and RNLI scores are reported in Supplemental
Information S4.

Discussion

This study has been conceived to characterize the extent of
cognitive impairment in post-COVID-19 severely affected
patients. Cognitive impairments have been observed in hos-
pitalized and non-hospitalized subjects [21], mild cases [22],
and asymptomatic patients [23]. To our knowledge, little
evidence supports the idea that cognitive impairment is most
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pronounced in people severely affected, such as people who
were admitted to the Intensive Care Unit (ICU) [9-11]. On
the contrary, Alemanno et al. [12] demonstrated that patients
who benefited from the most invasive respiratory assistance
were the ones who showed the most conserved cognitive
functions, even if they were also the youngest. Here, we
aimed to investigate how far-reaching the cognitive sequelae
of COVID-19 were in our sample of patients. All of them
had been ICU-hospitalized and had needed a tracheostomy.
To this end, we assessed their overall cognitive status, the
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specific cognitive functions, the affective states, and the
role of the cognitive reserve (CR) in protecting them from
COVID-19 effects.

We found that virtually all the patients (96%) showed nor-
mal cognitive functioning at first-level assessment. Regard-
ing the second-level assessment, our results demonstrate
that most of the patients (86%) did not show signs of cogni-
tive deficits. This is in line with recent studies [12, 20] and
against many pieces of evidence accumulated thus far. A
possible explanation for the discrepancy between our results
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and the existing literature is that we recruited only severely
affected patients, as suggested by Priftis et al. [20]. Since
patients were ICU hospitalized, they most likely received
prompt and adequate treatments. This has prevented them
from having an increased risk of neurological and cogni-
tive deficits. Another plausible explanation is that we did
not include patients with neurological issues provoked by
SARS-CoV-2. Finally, because all patients were referred for
evaluation, regardless of whether they had objective cogni-
tive necessity or subjective cognitive complaints, this overall
result is not surprising; however, it does help to clarify why
there are controversial conclusions about the presence of
post-acute COVID-19 sequelae symptoms.

Another finding highlighted by the study is that, among
the subjects reporting cognitive deficits, a larger propor-
tion of multi-domain (82.6%) rather than single-domain
(17.4%) impairment occurs, confirming Garcia-Sanchez and
coworkers’ results [24]. In this respect, we observed that
attentional deficits were the most frequent in patients with
single-domain impairment (75%), coherently with the litera-
ture [25, 26]. We also found that the most common domain
affected overall is executive functions (EF, 70.6%), even
if no one demonstrated single-domain impairment in EF.
According to the literature [24, 27], EF was always altered
in combination with other cognitive domains, most likely
because of its role in controlling and regulating the proper
functioning of other cognitive domains and behaviors [28].
The second most affected domain overall was learning and
long-term memory (64.7%) which was also the most com-
mon deficit in conjunction with either attention or EF. This
is reasonable, considering that it is known that both attention
and executive functions can affect the amnestic process.

In addition to the associations between cognitive
domains, we examined whether other clinical factors (ICU
hospitalization, tracheal tube removal) might be linked to
cognitive performance and affective states. Intriguingly,
we found that neither hospitalization nor tracheal tube
removal significantly affected test performance. Given that
much of the current literature has focused specifically on
COVID patients that were hospitalized [29], our study con-
tributes to emerging evidence [23] that ICU hospitalized
patients may not suffer from post-COVID cognitive seque-
lae and may have better performance compared to ones of
not-hospitalized patients or mild cases [24]. Depression
and anxiety were not linked to cognitive performance, as
well. This discrepancy with the literature disappears if we
consider the qualitative assessment: few of our patients
(3/5), who complained of psychological symptoms, also
reported cognitive deficits, coherently with the literature
[16, 30, 31]. Surprisingly, we observed a significant cor-
relation between the depression score (HADS scale) and
the number of elapsed days from ICU admission to tra-
cheal tube removal, meaning those who scored higher on

the depression subscale at admission, their tracheal tube
was removed later. Most likely, this could be explained
since having a tube through the own throat may be hard
to tolerate, also because of its symbolic representation
of illness. However, the scores on the HADS scale were
rarely pathological in our sample. As we might expect,
hospitalization represented a protective factor from devel-
oping psychological sequelae after COVID-19 [16, 32].
This could also explain why the level of depression is fur-
ther reduced at the discharge, and why the scores at both
physical and psychological areas of the WHOQOL scale
are lower, when we compare them with the scores obtained
at the admission. We hypothesized that being hospitalized
may have induced patients to feel safer. Conversely, being
at home could have made individuals feel more vulnerable.
These feelings may have been overemphasized by restrain-
ing measures, which were still on, according to Stanton
et al. [33]. Finally, this could also explain why we found
increased levels of depression and anxiety, although not
statistically significant, at the 8-month follow-up, coher-
ently with the literature [34].

The second set of results obtained from the follow-up
revealed that having been affected by COVID-19 does not
affect the overall cognitive status (88% of patients scored at
or above the cut-off for tele-GEMS) and the capability to
resume daily life activities. It might be argued that we tested
the subjects several months later COVID-19 onset. However,
it is not the case since we assessed the cognitive status at the
admission obtaining similar results. Furthermore, Garcia-
Séanchez et al. [24] tested patients roughly 8 months later
COVID-19 onset, and they still observed several neuropsy-
chological disorders. Regarding abilities to resume daily life
activities, we found a significant relationship between those
abilities and some executive functions (logical-operative/
logical-verbal reasoning, cognitive flexibility). Interestingly,
those executive functions also play a role in the activation
of alternative strategies and problem-solving. Hence, it is
reasonable to believe that individuals with these skills are
most likely to replace outdoor activities with indoor activi-
ties (home workouts, cooking, gardening, reading).

Finally, our last aim was to shed light on the protective
role of CR. It has been well-established that CR is involved
in moderating clinical outcomes regardless of pathology
[15], demonstrating that individuals with high CR cope
with brain damage better than individuals with low CR
[14]. Here, we hypothesized CR could play a protective
effect against cognitive and psychological deficits in post-
COVID-19 survivors. Noteworthy, we found a significant
association between high CR and executive function domain.
Those subjects with better executive functions, namely, log-
ical-operative/logical-verbal reasoning, and cognitive flex-
ibility, also displayed high CR, suggesting that CR, even
if indirectly, might positively affect the ability to resume

@ Springer



1488

Neurological Sciences (2023) 44:1481-1489

normal social activities. Altogether, these results support our
initial hypothesis and confirm existing data in the literature
[9, 16].

We acknowledge that our study has some limitations.
First, the small number of patients, but we chose the
opportunity to study a uniform sample over the chance to
recruit a larger number of patients, including mild cases or
patients hospitalized later. Second, our study lacks a control
group, such as ICU patients with a different diagnosis or
less severe COVID-19 infection. Therefore, we cannot con-
clude whether our results can be explained by the severity
of COVID-19 infection per se or by several factors associ-
ated with ICU admission. Third, we cannot monitor patients’
neuropsychological profiles over time since we used two dif-
ferent screening tools to assess the overall cognitive status
at admission and follow-up. Thus, further investigations are
needed to address these issues and long-term follow-up or
multiple follow-ups to establish if these patients could have
an increased risk for neurodegenerative diseases as pointed
out by some researchers [10, 35].

Conclusion

We believe the present study’s findings add new knowledge
to the growing research field investigating sequelae post-
COVID-19. Not always severely affected COVID-19 patients
report cognitive deficits or psychological symptoms, even if
subjective complaints can be reported several months later
the onset of the infection. For this reason, psychological sup-
port should be guaranteed to these patients when discharged,
as they received it during the hospitalization.
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