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Simple Summary: This study addresses the ongoing scientific debate regarding the existence, causes,
characteristics and reversibility of cognitive sequelae associated with COVID-19 infection. The aim
of the study is to describe the neuropsychological profile of individuals diagnosed with COVID-19,
distinguishing between younger (<65 years) and older (>65 years) adults and evaluating them at
baseline and at 3 and 6 months after infection. Significant differences in cognitive performance
between younger and older adults are observed, consistent with their different physiological condi-
tions. However, distinct memory recall patterns not attributable to physiological differences are also
observed. The results contribute to the understanding of COVID-19 cognitive sequelae, suggesting
that cognitive deficits in COVID-19 survivors may primarily reflect difficulties in attention and
concentration impacting retrieval processes, aligning with the concept of “brain fog” associated with
post-COVID-19 syndrome.

Abstract: The literature on COVID-19 continues to increase daily. Cognitive sequelae associated with
COVID-19 infection still draw the attention of the scientific community given the lack of consensus
about their existence, etiology, characterization and reversibility. The aim of this study is to provide a
neuropsychological identikit for younger (<65 years) and older (>65 years) individuals diagnosed
with COVID-19 infection, at baseline and after 3 and 6 months. In total, 226 individuals took part in
a retrospective observational study and their cognitive performance was compared across groups
(younger adults vs. older adults) and time (TO, T1, T2). The results highlighted differences between
younger and older adults in the Montreal Cognitive Assessment (MoCA) global score, as expected in
consideration of the different physiological conditions of the two populations. However, memory
performance highlighted the two groups as characterized by a difference in patterns of recall that
may move beyond a physiological explanation and provide information about COVID-19 cognitive
sequelae. This study suggests that cognitive deficits observed in COVID-19 survivors may reflect a
difficulty in attention and concentration that interferes mainly with retrieval processes. This result
fits well with the concept of “brain fog” typical of post-COVID-19 syndrome and may also reflect the
stress experienced while facing the pandemic.
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1. Introduction

Although the literature on COVID-19 is comprehensive, some issues remain open
and deserve to be more deeply examined. Among these, cognitive sequelae associated
with COVID-19 infection still draw the attention of the scientific community given the lack
of consensus about their actual existence, etiology, characterization and reversibility. In
the specific scientific literature, and as reported by individuals after the acute phase of
infection, these neuropsychological symptoms are often described as “brain fog”. However,
it has been suggested that these cognitive sequelae could go beyond the classical post-viral
syndrome (commonly characterized by mental and physical exhaustion and depression [1]),
since they were found to be not associated with fatigue and mood symptoms, thus being a
specific post-COVID-19 manifestation [2].

Several efforts have been made to investigate, even longitudinally [3,4], the cognitive
sequelae associated with COVID-19, both during the acute phase of infection [5,6] and
after its resolution [7,8]. In general, although there is a consensus that a proportion of
individuals show quantifiable cognitive frailty at least several months after the infection,
some discrepancies can be found concerning the constellation of the cognitive domains
involved. While some studies have shown multi-domain involvement, describing deficits
mainly attributable to executive function [9], memory, attention and concentration [2], the
speed of processing and fluency [10], some others support a more specific and isolated
deficit [11]. Other evidence, finally, does not report any significant differences between
healthy controls who do not have COVID-19 and COVID-19 individuals [12]. Another
issue concerns the evolution of these deficits over time. The main pattern that stands out
from the literature is that of partial reversibility, so that a significant improvement can be
observed from 6 months after the infection, despite some deficits remaining at least in this
span of time [3,4]. However, the literature still lacks studies that clarify the relationship
between COVID-19 and cognitive impairment, particularly regarding the characterization
of the specific affected domains and their evolution over time [13]. In concert with these
issues, what needs to be further explored is the variables that can account for the differ-
ences observed in the neuropsychological involvement among COVID-19 symptoms. For
example, old age, comorbidities, the intensity of the treatment received and the severity
of the infection appear to be determining factors in the prognostic outcome [13,14]. Old
age and comorbidities not only represent prominent risk factors for severe illness, but
are also a relevant aspect influencing the cognitive status of individuals recovering from
COVID-19 [5,15,16]. In fact, this population largely overlaps with that most at risk of devel-
oping neurocognitive disorders. In some cases, indeed, the virus undermines a pre-existing
condition of neurocognitive frailty that can increase the susceptibility to cognitive conse-
quences due to inflammatory states [17]. While it is true that several studies agree that the
increase in age correlates with the severity of cognitive dysfunction, efforts to explore the
specific differences between young and older adults are still only preliminary. Specifically,
to the best of our knowledge, no studies have explored in depth whether any differences
concerning the specific affected cognitive domains exist between younger and older adults
or examined their possible differences in evolution over time. A plausible hypothesis that
can be put forth is that the infection might exhibit distinct effects and courses within cohorts
of younger and older adults, owing to the increased fragility and diminished resilience
typical of the latter group [18]. A further relevant aspect emerges from the fact that, while
the common concern of “brain fog” refers to the inability to concentrate and poor atten-
tion, when cognitive impairment is present, memory complaints are the most commonly
reported [19,20]. A deeper insight into the characteristics of memory performance will
help to disentangle what specific processes are mainly involved in younger and older
adults and, specifically, if the difficulties experienced reflect a genuine memory deficit or
rather frailty in the attentional-executive processes involved in the spontaneous recall of
information. Thus, the present paper aims to contribute to the literature by providing a
neuropsychological identikit for young and old individuals after COVID-19 infection, at
baseline and at 3 and 6 months after the infection, in order to raise awareness about the
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nature and the possible differences in the evolution of cognitive sequelae affecting young
and old COVID-19 survivors.

2. Materials and Methods

This is a retrospective observational study based on a broader project involving the
Hospital Operational Units of Psychology, Infectious Diseases and Pneumology. The
overall project, through the collection of a large amount of data, aims to contribute to the
framing of the cognitive and psychological profiles of individuals diagnosed with COVID-
19 since the first wave and to evaluate their evolution over time [15,21]. All participants
had previously recovered at the Infectious Diseases Unit because of complications due to
COVID-19 infection.

The inclusion criteria were previous positivity to SARS-CoV-2, aged from 18 to 90 years,
previous hospitalization and subsequent access to outpatient follow-up at the Infectious
and Tropical Diseases Unit. The exclusion criteria were being non-native Italian speakers
and suffering from sensory and/or motor limitations that prevented psychometric testing.
Additionally, individuals with a history of neurological and/or psychiatric conditions,
whether recent or remote, that might affect their cognitive performance on the tests were
also excluded from the study. This information was gathered during the anamnesis through
a semi-structured interview. All participants provided written informed consent before
entering the study. The whole sample was sorted into younger adults (<65 years) and older
adults (>65 years), according to previous authors [22,23].

Data were collected at three time points, during follow-up clinical visits at the Infec-
tious and Tropical Diseases Unit. The first follow-up was carried out within one month
after discharge, where participants underwent cognitive and psychological examinations;
moreover, information regarding sociodemographic characteristics, proximate pathological
anamnesis due to COVID-19, remote pathological anamnesis and general lifestyle habits
was obtained retrospectively from medical records and the semi-structured interview men-
tioned above. The COVID-19 severity was operationalized taking into account the intensity
of the care received. Specifically, from the least to the most severe levels, this included no
oxygen supply (AA), a high-flow nasal cannula (HFNC), non-invasive ventilation (NIV)
and intensive oxygen therapy (I0T).

To obtain a brief and sensitive measure of global cognition, the Montreal Cognitive As-
sessment (MoCA [24]) was administered. The MoCA evaluates global cognitive functioning
through items assessing short-term memory; visuospatial abilities by clock drawing and a
cube copy task; executive functioning through an adaptation of the Trail Making Test Part
B, phonemic fluency and verbal abstraction; attention, concentration and working memory
by means of target detection, serial subtraction, digits and digits backward; language via
confrontation naming with low-familiarity animals and the repetition of complex sentences;
and orientation to time and place. The maximum achievable score is 30, with a higher score
indicative of better cognitive functioning.

For the purpose of this sub-study, 202 participants (115 females; mean age 56.8 & 14 years;
range 18-88 years; mean education 12.6 & 4.5 years; range 2-25 years) were consecutively
enrolled. Of the whole initial sample, 137 participants returned for the second follow-
up (T1) and 79 for the last follow-up (T2). The second and third follow-ups occurred,
respectively, three and six months after hospital discharge. The same psychometric tools
used in the first assessment were administered.

Descriptive demographic, clinical and neuropsychological characteristics of the sample
as a whole and sorted by age are provided. Continuous variables are expressed as the
mean and standard deviation (M = SD); categorical variables are expressed as numerosity
and frequencies (n, %), where appropriate. Two-sample independent ¢-Student’s tests were
carried out comparing younger adults (YA) and older adults (OA); a repeated-measures
ANOVA (2 x 3) was also performed, considering AGE (YA vs. OA) as the between
and TIME (T0, T1, T2) as the within factor. To account for potential confounders, an
ANCOVA was carried out in the cross-sectional analyses to assess differences between YA
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and OA, adjusting for biological sex, education level, comorbidities and COVID-19 severity.
Furthermore, a repeated-measures ANOVA with a multivariate model for follow-up tests
was used to examine the effect of AGE over time (between groups) and the influence of the
aforementioned variables (within subjects). Statistical analyses were carried out using the

JASP 0.17 (Intel) software (https:/ /jasp-stats.org (accessed on 18 September 2023)).

3. Results

The descriptive demographic, clinical and neuropsychological characteristics of the

sample as a whole and sorted by age are summarized in Table 1.

Table 1. Descriptive characteristics of the sample as a whole and sorted by age.

Total Sample
(n =202)

Age < 65
(n =144)

Age > 65
(n =58)

Sociodemograpics and
COVID-19-related
clinical characteristics
(Mean = SD; 1 (%))

Age 56.788 + 14.032 50.243 + 10.096 73.115 + 6.448
Biological sex (females) 115 (56.9%) 81 (56.3%) 22 (37.9%)
Cfrigfg;;‘i’ges 12.573 + 4.474 13.483 + 4.017 10.948 + 4.986
o 68 (33.7%) 35 (24.3%) 33 (56.9%)
Pulmonary 34 (16.8%) 21 (14.6%) 13 (22.4%)
Avtonenaty 27 (13.4%) 21 (14.6%) 6 (10.3%)
Dyslipidemia 58 (28.Z%) 35 (24.3%) 23 (39.2%)
Oncological 18 (8.9%) 9 (6.3%) 9 (15.5%)
Days from discharge to t0 54.600 + 47.789 52.877 + 47.966 59.786 + 50.395
Days’cg‘\’;?DCgVID'l?tswab 79.000 + 63.505 75.936 + 60.249 86.226 + 70.680
N Aseve“ y 73 (36.1%) 58 (40.3%) 15 (25.9%)
Oxygen mask 80 (39.6%) 52 (36.1%) 28 (48.3%)
NG 10 (4.6%) 5 (3.5%) 5 (8.6%)
NIV 7 (3.5%) 6 (4.20({0) 1 (1.83/0)
OT 14 (6.9%) 10 (6.9%) 4(6.9%)
MoCA (Mean 4 SD)
Total score 25.308 + 3.419 26.388 + 2.289 23.327 + 4.435
Trial Making Test-B 0.892 + 0.311 0.924 + 0.267 0.818 + 0.389
Copy cube 0.810 =+ 0.393 0.915 =+ 0.280 0.655 + 0.480
Draw clock 2.713 + 0.626 2.831 + 0.495 2.491 + 0.791
Naming 2.903 + 0.400 2.941 + 0.352 2.800 + 0.524
Digit span 1.584 + 0.630 1.700 + 0.559 1.364 + 0.704
Tapping 0.924 + 0.266 0.950 + 0.219 0.909 + 0.290
Subtractions 2.817 + 0.502 2.867 + 0.429 2.782 + 0.534
Repetition 1.569 + 0.573 1.633 + 0.501 1.455 + 0.689
Fluency 0.624 -+ 0.486 0.692 + 0.464 0.509 + 0.505
Abstraction 1.665 + 0.571 1.775 + 0.493 1.491 + 0.605
Delayed recall 2.868 + 1.559 3.225 + 1.405 2.145 + 1.693
Category cue 0.832 4 0.949 0.697 & 0.907 1.055 £ 1.061
Multiple choice cue 0.852 + 1.015 0.765 + 0.954 1.036 + 1.154
Orientation 5.929 + 0.277 5.950 -+ 0.219 5.927 + 0.262

Notes. AA: no oxygen supply; HFNC: high-flow nasal cannula; NIV: non-invasive ventilation; IOT: intensive
oxygen therapy; MoCA: Montreal Cognitive Assessment.

As reported, the mean age of the participants was 56.78 +:14.03 and the sample was
gender-balanced. In most cases, the COVID-19 severity was mild, with 36.1% of the
total sample requiring no oxygen support and 39.6% needing an oxygen mask. The most
frequent comorbidity was cardiovascular disease, particularly among older adults (56.9%),
followed by dyslipidemia (28.7% of the total sample).


https://jasp-stats.org

Biology 2024, 13, 754

50f 10

3.1. Cross-Sectional Analyses

Significantly higher scores in the MoCA test (i.e., higher cognitive functioning) were ob-
served in YA compared to OA (t(174) = 6.03, p < 0.01, d’Cohen: 0.98). Significant differences
emerged between the groups also for the TMT-B (t(171) = 2.08, p < 0.05, d’Cohen: 0.34), draw-
ing copy (t(171) = 4.49, p < 0.01, d’Cohen: 0.73), clock test (t(171) = 3.44, p < 0.01, d’Cohen:
0.56), naming (t(171) = 2.09, p < 0.05, d’Cohen: 0.34), digit span (t(173) = 3.39, p < 0.01,
d’Cohen: 0.55), phonetic fluency (t(173) = 2.35, p < 0.05, 0.38), abstraction (t(173) = 3.28,
p <0.01, d’Cohen: 0.53), free recall (t(173) = 4.41, p < 0.01, d’Cohen: 0.71) and recall with
semantic cue (t(172) = —2.28, p < 0.05, d’Cohen: 0.37) subtests. The ANCOVA model,
adjusted for potential confounders, confirmed the significant effect of age (YA vs. OA)
on the baseline MoCA global scores (F(1, 200) = 13.491, p < 0.001), as well as education
(F(1, 200) = 30.419, p < 0.001). In contrast, no significant effects were observed for biological
sex, comorbidities or the COVID-19 severity on the MoCA scores.

3.2. Longitudinal Analyses

The comparison of the cognitive performance of YA and OA over time in the global
MOoCA test, adjusted for education and the severity of COVID-19, suggests that both groups
showed a continuous improvement across the three time points of evaluation. However,
the YA showed a more evident improvement between T0 and T1 (respective means =+ SD:
26.1 £ 2.1 vs. 27.2 + 2.3) and the stabilization of their performance between T1 and T2 (re-
spective means =+ SD: 27.2 £ 2.3 vs. 27.5 &= 2.09). Interestingly, OA showed an improvement
in the MoCA global score also between T1 and T2 (respective means £ SD: 23.5 £+ 4.4 and
23.8 & 4.3) beyond T0 and T1 (respective means & SD: 21.7 4+ 4.9 and 23.5 & 4.44). Complete
data are shown in Table 2, and a graphical representation is provided in Figure 1.

Table 2. MoCA scores obtained at the three time points for the sample as a whole and sorted by age.

TO T1 T2

YA (n=47) OA (n=19) YA (n=47) OA (n=19) YA (n=47) OA (n=19)
Total score 26.106 =2.139  21.737 £4.863  27.170 2316  23.526 =4.439  27.489 £2.094  23.842 +4.311
Trial Making Test-B 0.932 £ 0.255 0.684 £ 0.478 0.886 + 0.321 0.737 £ 0.452 0.909 £ 0.291 0.526 £ 0.513
Copy cube 0.933 £ 0.252 0.579 £ 0.507 0.911 £ 0.288 0.421 £ 0.507 0.867 £+ 0.344 0.421 £ 0.507
Draw clock 2.867 £+ 0.588 2.316 £ 0.946 2.844 £+ 0.475 2.263 £ 0.991 2.844 £+ 0.424 2421 +£0.769
Naming 3.000 £ 0.365 2.684 £ 0.749 2978 £ 0.147 2.842 £ 0.375 2.957 £ 0.206 2.737 £ 0.562
Digit span 1.681 + 0.594 1.263 £ 0.653 1.596 + 0.538 1.105 £ 0.737 1.596 + 0.614 1.158 £ 0.834
Tapping 0.915 £ 0.282 0.842 £ 0.375 0.957 £ 0.204 0.947 £ 0.229 0.957 £+ 0.204 0.947 £ 0.229
Subtractions 2.915 £ 0.282 2.737 £ 0.562 2.915 £ 0.282 2.737 £0.733 2.851 £ 0.551 2.684 £+ 0.478
Repetition 1.638 £ 0.529 1.263 £ 0.733 1.596 + 0.538 1.632 £ 0.597 1.681 + 0.515 1.474 £ 0.697
Fluency 0.681 = 0.471 0.474 £ 0.513 0.702 £ 0.462 0.579 £ 0.507 0.660 £+ 0.479 0.684 = 0.478
Abstraction 1.809 + 0.398 1.421 + 0.769 1.915 + 0.282 1.684 + 0.582 1.915 + 0.282 1.684 + 0.671
Delayed recall 2.979 £1.375 1.579 £+ 1.427 4.021 +£1.170 2.737 £ 1.661 4.298 £ 0.998 3.105 £+ 1.449
Category cue 0.702 £ 0.931 1.474 + 1.124 0.702 £ 0.907 0.789 £ 0.918 0.511 £ 0.748 0.684 £ 0.582
Multiple choice cue ~ 0.872 £ 1.013 0.789 £ 1.134 0.255 £ 0.530 1.000 + 1.202 0.191 £+ 0.537 0.947 £ 1.079
Orientation 5.915 £ 0.282 5.895 £ 0.315 5.936 + 0.247 5.842 £+ 0.501 5.979 £ 0.146 6.000 £ 0.000

As for the repeated-measures ANOVA, a significant between-factor main effect of age
was observed (F(1, 200) = 13.682, p < 0.001), with OA performing significantly poorer than
YA. Education also emerged as a significant factor across time (F(1, 200) = 20.355, p < 0.001).
Biological sex approached significance (F(1, 200) = 4.063, p = 0.049), suggesting a potential
trend worth further exploration. No significant effects were found for other between-subject
variables, such as comorbidities or the COVID-19 severity. As for within-subject effects, no
significant differences were detected (F(2, 400) = 0.675, p = 0.511). Additionally, none of
the interaction effects between time and the between-subject factors (age, education, sex,
comorbidities and COVID-19 severity) reached statistical significance.
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Figure 1. Average MoCA scores (and standard deviations) over time (T0O: 1 month, T1: 3 months, T2:
6 months since infection) in young adults (white points) and in older adults (black points).

Looking at the MoCA subtests and, in particular, at the clock test over time, YA were
generally steady in the three evaluations (respective means + SD: 2.9 £ 0.6 vs. 2.8 = 0.5
vs. 2.8 £ 0.4); moreover, OA showed steady performance between T0 and T1, as well as
YA (respective means & SD 2.3 & 0.9 vs. 2.3 £ 1). In contrast, a slight improvement in
OA could be observed between T1 and T2 (respective means & SD 2.3 £ 1 vs. 2.4 £+ 0.8).
Furthermore, a significant effect of the COVID-19 severity was observed as a within-subjects
effect (F(2) = 5.312, p = 0.006).

As for the memory subtest and, in particular, for the categorical delayed recall item,
YA showed steady performance between TO and T1 (respective means £ SD: 0.7 £ 0.9 vs.
0.7 £ 0.9), while a decrease could be observed between T1 and T2 (respective means =+ SD:
0.7 £0.9 vs. 0.5 £ 0.7). Meanwhile, OA showed a significant decrease in their categorical
recall between TO and T1 (respective means £ SD: 1.5 £ 1.1 vs. 0.8 & 0.9) and still a slight
decrease also between T1 and T2 (respective means £ SD: 0.8 £ 0.9 vs. 0.7 &£ 0.6). Furthermore,
a significant effect of age was observed as a within-subjects effect (F(2) = 3.842, p = 0.024).

Moreover, for the multiple-choice item of memory recall, differences between YA and
OA emerged. In particular, YA showed a constant decrease in their performance, with a
more significant decline between T0 and T1 (respective means + SD: 0.9 = 1 vs. 0.3 £ 0.5)
than between T1 and T2 (respective means =+ SD: 0.3 &+ 0.5 vs. 0.2 &£ 0.5). OA, instead,
showed a slight improvement between TO and T1 (respective means + SD: 0.8 £ 1.1 vs.
1 &+ 1.2) and almost steady performance between T1 and T2 (respective means & SD: 1 £ 1.2
vs. 0.9 £ 1.1). Furthermore, a significant effect of age was observed as a within-subjects
effect (F(2) = 4.066, p = 0.019). A graphical representation of the performance in the memory
subtests of the MoCA of the YA and OA over time is provided in Figure 2.

Spontaneous Recall Recall with Semantic Cue Recall with Multiple Choice Cue
20 - 2.0 -
p O Young Adults
L —1 15 @ Older Adults
[ 15 ’
i’ / 10-
ZT_ 1.0+ I
0.5 -
1“3%
0.5 0.0 -
0.0 -05
| I 1 [ I |
TO T T2 TO T T2 TO T1 T2

Time

Figure 2. Accuracy in memory indices of MoCA over time (T0: 1 month, T1: 3 months, T2: 6 months
since infection) in young adults (white points) and in older adults (black points).
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4. Discussion

This paper contributes to the longitudinal exploration of cognition in individuals that
have suffered from COVID-19 infection by focusing on certain, specific factors (i.e., age
differences). As previously shown, age-related differences in facing the pandemic have
been described [15]. These findings, as with others provided by the literature [25,26], al-
though potentially interesting, lack longitudinal evidence, beyond being limited to a global
observation of neuropsychological functioning, without specific attention to or a particular
focus on the single subtests aimed at measuring different cognitive domains. Instead, in this
paper, a deeper cognitive “identikit” for young and older adults after COVID-19 infection
is provided and described in a period of six months. Although differences between young
and older adults in cognitive performance are expected, if not even foregone, our results
seem to innovatively increase the current literature about COVID-19. As a matter of fact,
our findings show different, interesting patterns of cognitive performance that are, in some
aspects, counterintuitive.

On the one hand, the global scores obtained in the MoCA test are absolutely in line with
what is expected physiologically: YA show higher scores than OA and the improvement
over time is expected to be slighter. This result may be interpreted as a ceiling performance
effect: YA do not show any particular cognitive frailty (also considering that the MoCA
test can be perceived as simple for this population) and their potential improvement can
be only slight. In contrast, OA may have more difficulty in performing a cognitive test
for the first time and show an increased impact of COVID-19’s effects at the very first
time after infection. However, they show increased performance over time, supporting the
hypothesis of the reversibility of the deficits associated with COVID-19 [3] and suggesting
that recovery is still possible despite the first signs of cognitive frailty.

Furthermore, delving deeper into cognition, interesting results have been found,
especially for the memory subtest. As can be seen, the spontaneous recall follows the
trend of the global score described above, progressively improving in both groups, with a
physiological age-related difference. A deeper insight into YA and OA mnestic frailty can
be achieved through a careful look at the cues used to facilitate delayed recall, namely the
semantic cue and multiple-choice recognition. Given a missed spontaneous recall, effective
cued recall reflects an apparent memory deficit that is secondary to reduced attentional
resources or ineffective recall strategies [27]. Otherwise, when it is necessary to resort to
multiple-choice recognition, frailty in specific memory processes such as encoding and
retrieval is more likely [28].

At TO, YA make more use of multiple-choice recognition. Given the marginality of
the spontaneous recall deficit and its reversibility, in addition to the age of the sample, it is
unlikely that this is due to a genuine episodic memory deficit. Most likely, this temporary
vulnerability close to infection is attributable to a decreased processing capacity affecting
the learning phase, as stated in the Introduction section, which can be interpreted in light
of the “brain fog” widely described in the literature [19,20] or the stress experienced during
the pandemic and the confinement period, consistent with the findings reported by Devita
etal. (2021). Over time, in fact, the almost ceiling improvement corresponds to almost no
use of semantic or multiple-choice clues. On the other hand, in the case of OA, the semantic
cue is predominantly used at TO, much more widely than in the case of YA. In the two
following evaluations, the use of semantic cues decreases markedly, and, at the same time,
the use of multiple-choice recognition increases. This opposite trend in the effectiveness
of cues suggests that, as well as YA, OA experienced executive-attentive difficulties, so
that the recall improved significantly with semantic cueing. Over time, alongside the
improvement in spontaneous recall, the remaining difficulties were no longer adequately
compensated for by semantic cueing, instead requiring multiple-choice recognition. It is
therefore plausible that the remaining difficulties reflect forgetfulness due to a failure to
use effective processing strategies or other factors that limit learning, typical of the aging
process [28] and independent of the sequelae of COVID-19, progressively attenuated.
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Somewhat unexpectedly compared to the existing literature [29], in this study, dif-
ferences between males and females did not emerge, at least concerning the cognitive
variables. Further research on the topic is undoubtedly needed to better understand the sex
differences related to COVID-19 infection. Interestingly, our results seem not to be influ-
enced by other factors, such as comorbidities (i.e., cardiovascular diseases, dyslipidemia,
oncological, pulmonary and autoimmune/immunological diseases) and the severity of
COVID-19 itself. One exception is the level of education, which is significantly associated
with the MoCA scores. This result is absolutely consistent with the most disparate literature
on cognitive performance and the level of education and further corroborates our findings.

Limitations

This study has certainly some limitations. First of all, we provided an “identikit” of the
post-COVID-19 cognitive profile, analyzing the performance in the single subtests of the
MoCA, a brief global screening test. We did not carry out a second-level assessment of each
cognitive domain through more specific tests, which could have brought more conclusive
results. However, because our participants underwent several examinations, a longer
assessment could have been stressful and infeasible. Moreover, the MoCA has been proven
to be a reliable and sensitive tool for the detection of post-COVID-19 cognitive sequelae [5].
Another limitation that we acknowledge is that the presence of potential psychiatric and
neurological disorders, which may have influenced cognitive performance, was assessed
through a semi-structured interview based on self-reports. While this approach provided
valuable insights, more accurate and objective assessments could have been employed.
However, constraints related to the emergency context and time limitations restricted our
ability to adopt more comprehensive assessment methods. Furthermore, the sample size of
the two groups considered, younger and older adults, was not balanced. This age bias may
reflect the significantly higher rate of death due to COVID-19 in older adults, which must
be taken in account. Lastly, this study lacked a control group composed of young and old
individuals who had never been affected by the virus.

5. Conclusions

This paper contributes to increasing the knowledge about the existence, characteri-
zation, reversibility and age-related differences of COVID-19 cognitive sequelae. Overall,
the main results suggest a continuous improvement in cognitive functioning over time for
both younger and older adults, suggesting that the cognitive frailties often experienced
after COVID-19 are at least partially reversible. Moreover, no significant differences (other
than a physiological age-related difference) in the cross-sectional and longitudinal charac-
terization of the cognitive profile emerged between younger and older adults. Thus, it is
possible that the impact of COVID-19 on cognition may be similar across young and old
adulthood in terms of the cognitive domains affected and their evolution over time. Lastly,
the memory deficit observed primarily reflects a difficulty in attention and concentration
that interferes mainly with retrieval processes. This result fits well with the concept of
“brain fog” typical of post-COVID-19 syndrome and may also reflect the stress experienced
while facing the pandemic. Importantly, ad hoc cognitive training could be implemented
for the on-time treatment of cognitive frailties, which, if neglected, may progress to more
significant difficulties in some individuals.

Author Contributions: Conceptualization: A.R., PI. and M.D.; Methodology: A.P., M.D. and A.P;
Formal analysis and investigation: A.R. and M.D.; Data collection: A.R. and E.D.R.; Writing—original
draft preparation: A.R. and M.D.; Writing—review and editing: A.R., PI, M.D,, G.B,, AP, C.C, M.G.
and C.B.; Resources: D.M., B.V,, A.C.,S.C,, R.S. and M.G,; Supervision: D.M., B.V,, R.S., M.G. and
M.D.R. All authors have read and agreed to the published version of the manuscript.

Funding: The authors did not receive support from any organization for the submitted work.



Biology 2024, 13, 754 90f 10

Institutional Review Board Statement: This study was performed in line with the principles of the
Declaration of Helsinki on human rights and was approved by the Ethics Committee of the Padova
University Hospital (Prot. Number 0014424, date 18 February 2021).

Informed Consent Statement: Written informed consent has been obtained from all the participants
included in the study to publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to the confidential nature of the data and the privacy of the participants.

Acknowledgments: All authors are grateful to Linda Baldon for the reference, table and figure curation.

Conflicts of Interest: The authors have no relevant financial or non-financial interests to disclose.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Perrin, R.; Riste, L.; Hann, M.; Walther, A.; Mukherjee, A.; Heald, A. Into the looking glass: Post-viral syndrome post COVID-19.
Med. Hypotheses 2020, 144, 110055. [CrossRef] [PubMed]

Woo, M.S.; Malsy, J.; Pottgen, J.; Seddiq Zai, S.; Ufer, F.; Hadjilaou, A.; Schmiedel, S.; Addo, M.M.; Gerloff, C.; Heesen, C.; et al.
Frequent neurocognitive deficits after recovery from mild COVID-19. Brain Commun. 2020, 2, fcaa205. [CrossRef] [PubMed]
Blazhenets, G.; Schroeter, N.; Bormann, T.; Thurow, J.; Wagner, D.; Frings, L.; Weiller, C.; Meyer, P.T.; Dressing, A.; Hosp, ].A. Slow
but evident recovery from neocortical dysfunction and cognitive impairment in a series of chronic COVID-19 patients. J. Nucl.
Med. 2021, 62,910-915. [CrossRef] [PubMed]

Del Brutto, O.H.; Wu, S.; Mera, RM.; Costa, A.F,; Recalde, B.Y.; Issa, N.P. Cognitive decline among individuals with history of
mild symptomatic SARS-CoV-2 infection: A longitudinal prospective study nested to a population cohort. Eur. J. Neurol. 2021, 28,
3245-3253. [CrossRef] [PubMed]

Alemanno, F; Houdayer, E.; Parma, A.; Spina, A.; Del Forno, A.; Scatolini, A.; Angelone, S.; Brugliera, L.; Tettamanti, A.; Beretta,
L.; et al. COVID-19 cognitive deficits after respiratory assistance in the subacute phase: A COVID-rehabilitation unit experience.
PLoS ONE 2021, 16, €0246590. [CrossRef]

Ermis, U.; Rust, M.L,; Bungenberg, J.; Costa, A.; Dreher, M.; Balfanz, P.; Marx, G.; Wiesmann, M.; Reetz, K.; Tauber, S.C.; et al.
Neurological symptoms in COVID-19: A cross-sectional monocentric study of hospitalized patients. Neurol. Res. Pract. 2021, 3,17.
[CrossRef]

Mazza, M.G.; Palladini, M.; De Lorenzo, R.; Magnaghi, C.; Poletti, S.; Furlan, R.; Ciceri, F.; Rovere-Querini, P.; Benedetti, F;
COVID-19 BioB Outpatient Clinic Study group. Persistent psychopathology and neurocognitive impairment in COVID-19
survivors: Effect of inflammatory biomarkers at three-month follow-up. Brain Behav. Immun. 2021, 94, 138-147. [CrossRef]
Miskowiak, K.W.; Johnsen, S.; Sattler, S.M.; Nielsen, S.; Kunalan, K.; Rungby, J.; Lapperre, T.; Porsberg, C.M. Cognitive
impairments four months after COVID-19 hospital discharge: Pattern, severity and association with illness variables. Eur.
Neuropsychopharmacol. 2021, 46, 39-48. [CrossRef] [PubMed]

Ortelli, P.; Benso, E,; Ferrazzoli, D.; Scarano, I.; Saltuari, L.; Sebastianelli, L.; Versace, V.; Maestri, R. Global slowness and increased
intra-individual variability are key features of attentional deficits and cognitive fluctuations in post COVID-19 patients. Sci. Rep.
2022, 12, 13123. [CrossRef]

Becker, ].H.; Lin, ].J.; Doernberg, M.; Stone, K.; Navis, A.; Festa, ].R.; Wisnivesky, ].P. Assessment of cognitive function in patients
after COVID-19 infection. JAMA Netw. Open 2021, 4, €2130645. [CrossRef]

Zhou, H; Lu, S.; Chen, ].; Wei, N.; Wang, D.; Lyu, H.; Shi, C.; Hu, S. The landscape of cognitive function in recovered COVID-19
patients. J. Psychiatr. Res. 2020, 129, 98-102. [CrossRef] [PubMed]

Mattioli, F.; Stampatori, C.; Righetti, F.; Sala, E.; Tomasi, C.; De Palma, G. Neurological and cognitive sequelae of COVID-19: A
four month follow-up. J. Neurol. 2021, 268, 4422-4428. [CrossRef] [PubMed]

Crivelli, L.; Palmer, K.; Calandri, I.; Guekht, A.; Beghi, E.; Carroll, W.; Frontera, J.; Garcia-Azorin, D.; Westenberg, E.; Winkler,
A.S.; et al. Changes in cognitive functioning after COVID-19: A systematic review and meta-analysis. Alzheimers Dement. 2022, 18,
1047-1066. [CrossRef] [PubMed]

Ceban, F; Ling, S.; Lui, L.M,; Lee, Y,; Gill, H.; Teopiz, K.M.; Rodrigues, N.B.; Subramaniapillai, M.; Di Vincenzo, ].D.; Cao, B.; et al.
Fatigue and cognitive impairment in Post-COVID-19 Syndrome: A systematic review and meta-analysis. Brain Behav. Immun.
2022, 101, 93-135. [CrossRef]

Devita, M.; Di Rosa, E.; Iannizzi, P.; Bianconi, S.; Contin, S.A.; Tiriolo, S.; Bernardinello, N.; Cocconcelli, E.; Balestro, E.; Leoni, D.
Cognitive and psychological sequelae of COVID-19: Age differences in facing the pandemic. Front. Psychiatry 2021, 12, 711461.
[CrossRef]

Walle-Hansen, M.M.; Ranhoff, A.H.; Mellingsaeter, M.; Wang-Hansen, M.S.; Myrstad, M. Health-related quality of life, functional
decline, and long-term mortality in older patients following hospitalization due to COVID-19. BMC Geriatr. 2021, 21, 199.
[CrossRef]

Baker, H.A.; Safavynia, S.A.; Evered, L.A. The ‘third wave’: Impending cognitive and functional decline in COVID-19 survivors.
Br. J. Anaesth. 2021, 126, 44-47. [CrossRef]


https://doi.org/10.1016/j.mehy.2020.110055
https://www.ncbi.nlm.nih.gov/pubmed/32758891
https://doi.org/10.1093/braincomms/fcaa205
https://www.ncbi.nlm.nih.gov/pubmed/33376990
https://doi.org/10.2967/jnumed.121.262128
https://www.ncbi.nlm.nih.gov/pubmed/33789937
https://doi.org/10.1111/ene.14775
https://www.ncbi.nlm.nih.gov/pubmed/33576150
https://doi.org/10.1371/journal.pone.0246590
https://doi.org/10.1186/s42466-021-00116-1
https://doi.org/10.1016/j.bbi.2021.02.021
https://doi.org/10.1016/j.euroneuro.2021.03.019
https://www.ncbi.nlm.nih.gov/pubmed/33823427
https://doi.org/10.1038/s41598-022-17463-x
https://doi.org/10.1001/jamanetworkopen.2021.30645
https://doi.org/10.1016/j.jpsychires.2020.06.022
https://www.ncbi.nlm.nih.gov/pubmed/32912598
https://doi.org/10.1007/s00415-021-10579-6
https://www.ncbi.nlm.nih.gov/pubmed/33932157
https://doi.org/10.1002/alz.12644
https://www.ncbi.nlm.nih.gov/pubmed/35297561
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.3389/fpsyt.2021.711461
https://doi.org/10.1186/s12877-021-02140-x
https://doi.org/10.1016/j.bja.2020.09.045

Biology 2024, 13, 754 10 of 10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

Hoogendijk, E.O.; Afilalo, J.; Ensrud, K.E.; Kowal, P.; Onder, G.; Fried, L.P. Frailty: Implications for clinical practice and public
health. Lancet 2019, 394, 1365-1375. [CrossRef]

Asadi-Pooya, A.A.; Akbari, A.; Emami, A.; Lotfi, M.; Rostamihosseinkhani, M.; Nemati, H.; Barzegar, Z.; Kabiri, M.; Zeraatpisheh,
Z.; Farjoud-Kouhanjani, M.; et al. Long COVID syndrome-associated brain fog. J. Med. Virol. 2022, 94, 979-984. [CrossRef]
Nouraeinejad, A. Brain fog as a Long-term Sequela of COVID-19. SN Compr. Clin. Med. 2022, 5,9. [CrossRef]

Devita, M.; Di Rosa, E.; Iannizzi, P.; Bianconi, S.; Contin, S.A.; Tiriolo, S.; Ghisi, M.; Schiavo, R.; Bernardinello, N.; Cocconcelli,
E.; et al. Risk and protective factors of psychological distress in patients who recovered from COVID-19: The role of cognitive
reserve. Front. Psychol. 2022, 13, 852218. [CrossRef]

Burks, H.B.; Des Bordes, ].K.; Chadha, R.; Holmes, H.M.; Rianon, N.J. Quality of life assessment in older adults with dementia: A
systematic review. Dement. Geriatr. Cogn. Disord. 2021, 50, 103-110. [CrossRef]

Hewston, P.; Deshpande, N. Fear of falling and balance confidence in older adults with type 2 diabetes mellitus: A scoping review.
Can. J. Diabetes 2018, 42, 664—670. [CrossRef]

Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695-699. [CrossRef]

Maggi, G.; Baldassarre, I.; Barbaro, A.; Cavallo, N.D.; Cropano, M.; Nappo, R.; Santangelo, G. Age-and gender-related differences
in the evolution of psychological and cognitive status after the lockdown for the COVID-19 outbreak: A follow-up study. Neurol.
Sci. 2022, 43, 655-662. [CrossRef]

Menze, I.; Mueller, P.; Mueller, N.G.; Schmicker, M. Age-related cognitive effects of the COVID-19 pandemic restrictions and
associated mental health changes in Germans. Sci. Rep. 2022, 12, 8172. [CrossRef]

Frasson, P.; Ghiretti, R.; Catricala, E.; Pomati, S.; Marcone, A.; Parisi, L.; Rossini, PM.; Cappa, S.F; Mariani, C.; Vanacore, N.; et al.
Free and cued selective reminding test: An Italian normative study. Neurol. Sci. 2011, 32, 1057-1062. [CrossRef]

Grober, E.; Buschke, H. Genuine memory deficits in dementia. Dev. Neuropsychol. 1987, 3, 13-36. [CrossRef]

Tsverava, L.; Chitadze, N.; Chanturia, G.; Kekelidze, M.; Dzneladze, D.; Imnadze, P.; Gamkrelidze, A.; Lagani, V.; Khuchua, Z,;
Solomonia, R. Antibody profiling reveals gender differences in response to SARS-COVID-2 infection. medRxiv 2021. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1002/jmv.27404
https://doi.org/10.1007/s42399-022-01352-5
https://doi.org/10.3389/fpsyg.2022.852218
https://doi.org/10.1159/000515317
https://doi.org/10.1016/j.jcjd.2018.02.009
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1007/s10072-021-05768-0
https://doi.org/10.1038/s41598-022-11283-9
https://doi.org/10.1007/s10072-011-0607-3
https://doi.org/10.1080/87565648709540361
https://doi.org/10.1101/2021.06.01.21258175

	Introduction 
	Materials and Methods 
	Results 
	Cross-Sectional Analyses 
	Longitudinal Analyses 

	Discussion 
	Conclusions 
	References

