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Abstract

Neurologic and psychiatric symptoms have been reported in the months following the infection with COVID-19. A low-grade
inflammation has been associated both with depression and cognitive symptoms, suggesting a link between these disorders.
The aim of the study is to investigate cognitive functioning 6 months following hospital discharge for COVID-19, the impact
of depression, and the consequences on quality of life. Ninety-two COVID-19 survivors evaluated at 1-month follow-up,
122 evaluated at 3 months and 98 evaluated at 6 months performed neuropsychological and psychiatric evaluations and were
compared with a healthy comparison group (HC) of 165 subjects and 165 patients with major depression (MDD). Cognitive
performances were adjusted for age, sex, and education. Seventy-nine percent of COVID-19 survivors at 1 month and 75%
at 3- and 6-month follow-up showed cognitive impairment in at least one cognitive function. No significant difference in
cognitive performances was observed between 1-, 3-, and 6-months follow-up. COVID-19 patients performed worse than HC
but better than MDD in psychomotor coordination and speed of information processing. No difference between COVID-19
survivors and MDD was observed for verbal fluency, and executive functions, which were lower than in HC. Finally, COVID-
19 survivors performed the same as HC in working memory and verbal memory. The factor that most affected cognitive
performance was depressive psychopathology which, in turn, interact with cognitive functions in determining quality of
life. Our results confirm that COVID-19 sequelae include signs of cognitive impairment which persist up to 6 months after
hospital discharge and affect quality of life.
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Introduction

Coronavirus outbreaks succeeded in the last 10 years; after
severe acute respiratory syndrome (SARS-CoV-1) and Mid-
dle East respiratory syndrome (MERS-CoV), the SARS
related coronavirus-2 (SARS-CoV-2) is the third coronavirus
epidemic. This novel coronavirus disease 2019 (COVID-19)
Psychiatry and Clinical Psychobiology, Division was initially discovered in November 2019 in China and
Efagz;rzsglainﬁzf;i?eciufff\??sf:frﬁﬁztg’gigziilg(ian then rapidly became a global pandemic with 99,300,000
Milan, Italy confirmed cases reported globally.

Inflammation plays a central role in the development
of SARS manifestations and may persist after viral clear-
ance [35]. Accordingly, several inflammatory markers have
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CXCL10, CCL2, and CCL3; also, most patients show
signs of lymphopenia and T cell exhaustion. [32]. Systemic
inflammation has been previously shown to promote cogni-
tive decline [16] thus suggesting that COVID-19 survivors
could experience cognitive deficits in the following years.

In the last year, several studies investigated the long-term
physical and mental consequences of COVID-19 showing
that although the majority of persons remit of respiratory
tract symptoms, mental health consequences such as psy-
chiatric and neurologic disturbances persist after recovery,
and symptoms of anxiety and depression contribute to dis-
ability and need for treatment [6, 30, 31, 42]. At the time of
discharge, one third of patients shows evidence of cogni-
tive impairment and motor deficits [20]. Between 10 and
35 days after hospital discharge patients who required oxy-
gen therapy and those presenting diarrhea and neurologi-
cal symptoms such as headache, anosmia, dysgeusia scored
lower in memory, attention and executive function compared
to asymptomatic patients. In addition, patients with cogni-
tive complaints had higher scores in anxiety and depression
[2]. Within 3 months from discharge COVID-19 survivors
reported impairments between 6 and 38% with more severe
deficits in patients with psychiatric morbidity [33]. Finally,
at 5 months from hospital discharge 42.1% of patients had
deficits in processing speed and 26.3% in verbal memory.
Accordingly with previous literature showing highly preva-
lent cognitive decline in ARDS associated to hypoxemia and
severity of infection [21, 34], also in COVDI-19 deficits in
verbal memory have been associated with lowest arterial
oxygenation and ARDS during hospitalization (Ferrucci
et al. 2021).

Whereas symptoms of post-traumatic stress disorder
(PTSD), anxiety, and insomnia decrease over time after
recovery from COVID-19, depressive symptoms persist
[31]. Furthermore, independent of possible medical seque-
lae, executive functions and psychomotor coordination are
impaired in about 50-60% of COVID-19 survivors, whereas
78% of patients shows a poor performance in at least one
cognitive domain. Cognitive performances are influenced
both by depressive symptomatology and levels of inflam-
mation at the time of hospital admittance [31]. A similar
finding was also reported by Zhou et al. who showed that an
impaired performance in attention was associated with CRP
levels in COVID-19 survivors [45].

The relationship between depressive psychopathology,
inflammation and cognitive functioning has been previously
investigated in patients affected by Major Depressive Dis-
order (MDD), showing that depression is associated with
higher levels of inflammatory markers [24], and cognitive
impairment [12], also associated with inflammation [14].
The profile of neurocognitive deficits observed in MDD is
closely similar to that observed in COVID-19 survivors, per-
sists over time and also after the remission from the acute
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depressive episodes, has detrimental effects on quality of life
and disability of the patients, and is a target for treatment to
achieve an improvement in global functioning and to prevent
depressive relapse [15].

Persistent cognitive deficits could play a similar detri-
mental role in worsening the quality of life of COVID-19
survivors, in a self-reinforcing circle of depressive psy-
chopathology, neurocognitive impairment, and reduction
in global functioning. Following this line of reasoning, we
aimed at investigating how COVID-19 survivors score in
cognitive functions compared to a healthy comparison group
(HC) and patients with major depressive disorder (MDD)
and the changes in cognitive functions in 6 months following
hospital discharge Furthermore, we intend to investigate the
impact of depression symptomatology and clinical charac-
teristic of the illness on cognitive performances in COVID-
19 survivors and the impact on quality of life.

Methods
Sample

The sample included 312 COVID-19 survivors (92 eval-
uated at 1-month follow-up, 122 evaluated at 3-month
follow-up, and 98 evaluated at 6-month follow-up after
hospital discharge); 165 inpatients with a diagnosis of
Major Depressive Disorder (MDD-DSM-V criteria,
SCID-I interview) and 165 HC. Furthermore, a subsam-
ple of 60 COVID-19 patients was evaluated both at 3- and
6-month follow-up to assess changes in neurocognitive
functions over time. COVID-19 survivors were recruited
between May 2020 and February 2021, all the patients
performing the neuropsychological evaluation have been
included in the study. MDD and HC were recruited and
evaluated before the COVID-19 pandemic between 2010
and 2018; MDD patients were assessed during hospital
stay. Inclusion criteria for COVID-19 survivors were clin-
ical and radiological findings suggestive of COVID-19
pneumonia at the admission to the Emergency Depart-
ment. The infection was confirmed by positive real-time
reverse-transcriptase polymerase chain reaction (RT-
PCR) from a nasopharyngeal and/or throat swab. After
evaluation at the Emergency Department, patients were
either hospitalized (86% of whom 4% in ICU, hospital
stay 12.68 + 11.85 days) or treated at home (14%). After
multidisciplinary clinical examination including clini-
cal, radiologic and laboratory examination, COVID-19
survivors were excluded from the study if they presented
intellectual disabilities or neurological disorders. MDD
patients, basing on direct psychiatric interview and
laboratory assessment, were excluded if they showed:
additional diagnoses on axis I, intellectual disabilities,
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pregnancy, major medical and neurological disorders,
history of drug or alcohol abuse or dependency. All par-
ticipants were between 18 and 70 years of age. After com-
plete description of the study to the participants, written
informed consent was obtained. The study was approved
by the local ethical committee in accordance with the
principles in the Declaration of Helsinki.

Clinical and neuropsychological assessment

Psychiatric and neuropsychological evaluations have been
performed in all patients afferent to the follow-up outpa-
tient service in the context of COVID-BioB study at 1-,
3-, and 6-month follow-up.

Psychiatric unstructured clinical interview using the
best estimation procedure was conducted to investigate
the presence of a current major psychiatric disorder
according to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5).

In COVID-19 survivors, the Zung Self-Rating Depres-
sion Scale [46], a validated self-report questionnaire sen-
sitive to the post-COVID depressive psychopathology
[30, 44], was used to assess the severity of depressive
symptoms. Generally accepted standard cutoff scores
were used to consider the presence of psychopathology
(ZSDS index > 50). Quality of life was assessed through
the EQ5D [39] which includes 5 dimensions: mobil-
ity, self-care, usual activities, pain/discomfort, anxi-
ety depression. The dimension anxiety/depression was
excluded from the analysis due to its redundancy with
the ZSDS scale.

Cognitive functions were assessed through the Brief
Assessment of Cognition in Schizophrenia (BACS) [23],
a broad battery evaluating verbal memory, verbal fluency,
working memory (digit sequencing), selective attention
and processing speed (symbol coding), psychomotor
coordination (token motor task), and executive functions
(Tower of London). The BACS was originally developed
to assess cognition in patients with schizophrenia and
afterwards it has been broadly used to assess cognitive
abilities in depressive disorders [11, 36-38]. To avoid
practice effects, two different versions (A and B) of BACS
were administered to patients evaluated both at 3- and
6-month follow-up. To control for well-known confound-
ing factors and to deal with group differences, domain raw
scores were adjusted for age, sex and education according
to normative Italian scores for the BACS subtests [3]. To
provide a standard metric for comparison across neurocog-
nitive domains for each subtest an equivalent score, rang-
ing from O to 4, has been obtained from adjusted scores,
where scores 2, 3 or 4 reveal a good performance, while
score of 0 or 1 reveals a poor performance.

Data analysis

To address statistically significant group differences for
sex distribution and age in COVID-19 patients, MDD, and
HC, age-, sex-, and education stratified normative data
[3] were used to compute subtest for each participant on
the BACS. In addition, a global cognitive index has been
calculated as the mean equivalent score of all subtests of
the BACS.

First, we investigated whether cognitive performances
differed between subjects evaluated at 1-, 3-, and 6-month
follow-up. For patients assessed both at 3- and 6-month
follow-up only the 3-month performance was considered.
Given the number of cognitive outcome measures, we began
data analysis with an omnibus test comparing the three
groups on the global cognitive index of neurocognitive per-
formance. In the presence of significant group difference on
the global neuropsychological measure, step-down domain-
wise analyses were undertaken. Analyses of variance have
been performed to investigate the main effect of group on the
global and singles cognitive measures and post hoc Tukey
honestly significant difference (LSD) method for multiple
comparisons has been performed to investigate differences
between groups.

Second, the same analyses have been performed to
investigate differences in cognitive measures between HC,
COVID-19 survivors, and MDD. To establish how COVID-
19 patients scored, compared to HC and MDD, all patients
were considered independently of the month of assessment.
A profile analysis was conducted using a multivariate analy-
sis of variance (MANOVA), with groups as between factor
and subtests as within factor, and with the group-by-subtest
interaction as the main effect of interest.

Third, to explore the effect of clinical and psychopatho-
logical factors known to affect cognitive performances we
entered saturation at follow-up, glycaemia at follow-up,
duration of hospitalization, admittance to ICU, duration of
ICU stay, non-invasive ventilation, comorbidity (i.e., hyper-
tension, coronaropathy, diabetes mellitus, chronic obstruc-
tive pulmonary disease, chronic renal insufficiency), and
depression (ZSDS) as predictors in an elastic net penalized
regression. (For a detailed description see supplementary
material).

Fourth, to explore the influence of cognitive functions and
depressive symptomatology on quality of life, and consider-
ing the a priori expected significant interaction between the
two independent factors, independent variables were entered
into a General Linear Model analysis of homogeneity of
variances with the 4 dimensions of the EQ5D as depend-
ent variables. The significance of the effects was calculated
with Wilks’ A, which indicates the proportion of generalized
variance in the dependent variables that is accounted for by
the predictors.
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Finally, to investigate whether cognitive performances
changed over time we performed a repeated measure
ANOVA only in the subgroup of patients evaluated both
at 3- and 6-month follow-up. To test the effect of having
depressive symptoms at 3 months on changes in cogni-
tion, and considering the a priori expected significant
interaction with other independent factors (age, sex)
independent variables were entered into a Generalized
Linear Model (GLZM) analysis of homogeneity of vari-
ances with an identity link function.

Results

Clinical and demographic characteristics and neuropsycho-
logical performances of COVID-19 survivors are summa-
rized in Table 1.

Seventy-nine percent of patients at 1 month and 75% at
3- and 6-month follow-up showed cognitive impairment
in at least one cognitive function (Percentage of impaired
cognitive functions are showed in Fig. 1). The global cog-
nitive index showed no significant difference in cogni-
tive performances between 1-, 3-, and 6-month follow-up
(F=2.59, p=0.077). Twenty-three percent of patients at
1-month follow-up, 26% at 3-month follow-up, and 27%

Table 1 Clinical, demographic

T COVID-19 (n=312) T-Flp
characteristics of the sample
and cognitive performances 1 month #=92) 3 months (n=122) 6 months (n=98)
Mean+SD Mean +SD Mean=+SD
Age 53.44+7.48 53.47+10.35 54.95+9.81 1.24/0.292
Education (years) 13.09+4.13 12.56+3.54 12.74+3.66 0.55/0.580
Sex 72F 93M 17F 44M 104F 61M X 25.77/<0.001
ZSDS index 40.83+11.45 43.27+11.45 12.59+11.65 1.07/0.343
Verbal memory 39.87+8.29 41+10.21 39.23+10.48 1.23/0.294
Verbal fluency 49.08+12.63 45.61+12.25 48.98 +14.09 2.98/0.052
Working memory 20.64+6.61 20.31+4.87 20.16+6.06 0.20/0.819
Attention and speed of 48.64+10 46.81+11.59 47.93+12.56 0.72/0.489
information processing

Executive functions 14.79+3.80 14.03 +4.54 14.39+6.13 0.60/0.550
Psychomotor coordination ~ 72.91+10.52 71.67+22.41 70.12+12.36 0.97/0.380
EQ5D—mobility 1.08 £0.27 1.11+0.32 1.15+0.39 0.99/0.36
EQ5D—self-care 1.01+0.11 1.02+0.16 1.05+0.23 1.20/0.30
EQ5D—usual activities 1.28+0.49 1.23+0.44 1.25+0.46 0.30/0.74
EQ5D—pain/discomfort 1.31+0.49 1.37+0.55 1.37+0.51 0.42/0.65
EQ5D—anxiety/depression  1.25+0.43 1.35+0.51 1.40+0.53 1.95/0.14

1 month follow-up

3 months follow-up

6 months follow-up

6
5
3%
6%

Fig. 1 Percentages of impaired cognitive functions in COVID-19 survivors at 1-, 3-, and 6-month follow-up
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at 6 month follow-up showed depressive symptomatology
as measured by the ZSDS scale.

Clinical and demographic characteristics and neuropsy-
chological performances of COVID-19 survivors, HC and
MDD patients, are summarized in Table 2 and Fig. 2. The
three groups significantly differed for age (F'=75.02,
p<0.001) and sex (y*=31.63, p<0.001). HC were the
youngest (HSD HC vs MDD p < 0.001; HC vs COVID-19
p<0.001) and COVID-19 survivors were the oldest (HSD
COVID-19 vs MDD p=0.003); also, MDD were mainly
females (F =63%), whereas COVID-19 survivors and HC
were mainly males (HC, F=43%; COVID-19, F=36%).
Results on the mean equivalent score showed a significant
effect of diagnosis (F=43.20, p <0.001). Tukey HSD post
hoc indicated that COVID-19 survivors performed worse
than HC (p <0.001) and better than MDD (p < 0.001).

Given the observed significant global deficit, cognitive
performances in each neuropsychological domain have
been investigated. Results indicated a significant effect
of diagnosis in all six domains, with HC showing better
performances compared to COVID-19 patients which, in
turn, performed better than MDD in psychomotor coor-
dination (token motor task: F=48.93, p<0.001; HSD
HC vs COVID-19 p<0.001; HSD MDD vs COVID-19
p <0.001), attention and speed of information process-
ing (symbol coding: F=88.93, p<0.001; HSD HC
vs COVID-19 p <0.001; HSD MDD vs COVID-19
p <0.001). No difference between COVID-19 survivors
and MDD was observed for verbal fluency (F=8.02,
p<0.001; HSD HC vs COVID-19 p<0.001), and execu-
tive functions (Tower of London: F=7.27, p <0.001; HSD
HC vs COVID-19 p <0.001). Finally, COVID-19 survivors
performed the same as HC, and significantly better than

Table 2 Clinical, demographic

. Controls (n=165) COVID-19 (n=312) MDD T-F/p

character_ls.tlcs of the sample (n=165)

and cognitive performances

corrected for age, sex, and Mean +SD Mean +SD Mean+SD

education Age 40.57+11.79 52.63+8.81 49.41+11.19  75.02/<0.001
Education (years) 13.45+3.79 12.94+3.76 12.59+£3.96  2.50/0.082
Sex 72F 93M 17F 44M 104 F61M X 39.02/<0.001
Verbal memory 49.25+9.06 47.86+9.35 42.46+10.78 23.17/<0.001
Verbal fluency 53.52+13.62 47.82+12.73 4595+15.12 14.11/<0.001
Working memory 21.88+4.31 20.98 +£6.09 17.84+5.14  25.67/<0.001
Attention and speed of 56.78 +9.93 51.59+10.83 39.64+13.37 100.16/<0.001

information processing

Executive functions 17.30+2.90 15.01+4.99 15.46+4.22  14.74/<0.001
Psychomotor coordination  89.60+ 12.04 75.83+16.12 69.49+18.97 61.79/<0.001

Verbal Memory

Working Memory

Psychomotor Coordination

Corrected scores

20
15
10
l S
0

a8
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a2
40
38
HC coviD-19 MDD HC

Verbal Fluency
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60
50
40
30
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CovID-19 MDD HC covID-19

Speed of Information Processing

90 eSS

MDD

Executive Functions

Corrected scores
g

52 165

40
16
155

48

15

46 ®
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2 0 135
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17,5 —_—

MDD

CoVID-19 HC covID-19

Fig.2 Mean adjusted scores of cognitive performances in COVID-19 survivors at 1-, 3-, and 6-month follow-up. Scores are adjusted for age, sex

and education
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MDD in working memory (digit sequencing: F=21.17,
p<0.001; HSD MDD vs COVID-19 p <0.001) and verbal
memory (F=30.09, p<0.001; HSD MDD vs COVID-19
p<0.001).

A MANCOVA testing for profile differences indicated a
significant group-by subtest interaction (F'=6.34, p <0.001).
A cognitive profile of the three diagnostic groups is showed
in Fig. 3.

Results of elastic net penalized regression (Supplemen-
tary Tables 1-6) showed that the factor that most affect
cognitive performance was depression as measured by the
ZSDS. Depression negatively influenced cognitive perfor-
mances in working memory, verbal fluency, speed of infor-
mation processing, and executive functions. Other factors
surviving the VIP threshold of 75% were glycaemia at fol-
low-up and previous coronaropathy which associated with
verbal memory.

Fig.3 Neuropsychological

Both cognitive functions and depressive symptomatol-
ogy predicted quality of life (Fig. 4). We observed a sig-
nificant main effect of verbal memory (1=0.31, p <0.001),
psychomotor coordination (1=0.10, p <0.001), verbal flu-
ency (A1=0.47, p<0.001), speed of information process-
ing (1=0.21, p<0.001), executive functions (1=0.65,
p=0.002), and depressive symptoms (1=0.25, p <0.001).
Univariate analyses showed a significant effect of verbal
memory on the self-care dimension (F=93, p<0.001), of
psychomotor coordination on mobility (F=12.81, p<0.001)
and self-care (F=376, p <0.001), of verbal fluency on self-
care (FF'=44, p<0.001), speed of information processing on
self-care (F=153, p<0.001), executive functions on mobil-
ity (F=11.26, p=0.002) and self-care (F=6, p=0.02), of
depressive symptoms on all subscales (mobility: F=54.87,
p<0.001; self-care: 54, p<0.001; usual activities:
F=21.28, p<0.001; pain/discomfort: F=17.37, p<0.001).

Profiles on the Brief Assess-
ment of Cognition in Schizo- 0.2
phrenia (BACS) for COVID-19 0,4
survivors compared to healthy

» -0,6
. : o
comparisons and major depres- 8l 08
s10on (]
§ 1
)
=
w -1,4
-1,6
-1,8
-2
Verbal Memory Working Memory  Psychomotor Verbal Fluency Speed of Executive
Coordination Information Functions
Processing
—+—HC —#—1month 3 months 6 months —+—MDD
A Verbal memory B
X
Verbal memory Depression
Mobility Mobility
% Psychomotor coordination
Psychomotor e A X
coordination Wﬁ‘\ Depression
pii

£=40, p<0.00% v ,
Verbal fluency /

o
$
S

Usual activities

Speed of
information
processing

Pain/discomfort

Executive
functions

Depression

Verbal fluency
X
Depression

Usual activities

Speed of information
processing
X
Depression

Pain/discomfort

Executive functions
X
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Fig.4 Graphical representation of the effects of cognitive functions and depression on quality of life. A Main effect of cognitive functions and

depression. B Interaction between depression and cognitive functions

@ Springer



European Archives of Psychiatry and Clinical Neuroscience (2022) 272:773-782

779

Furthermore, we observed a significant interaction between
cognitive functions and depressive symptoms on quality of
life: verbal memory (4=0.58, p <0.001), working memory
(A=0.17, p<0.001), psychomotor coordination (4 =0.47,
p<0.001), verbal fluency (1=0.73, p <0.001), executive
functions (1=0.50, p <0.001). Univariate statistic showed
that the dimension of mobility was predicted by the interac-
tion between depressive symptoms and working memory
(F=13.36, p<0.001) and executive functions (F'=13.38,
p<0.001), whereas self-care was predicted by the inter-
action between depressive symptoms and verbal memory
(F=22, p<0.001), working memory (F=181, p<0.001),
psychomotor coordination (F=40, p <0.001), verbal fluency
(F=12, p=0.001), executive functions (F=0.58, p <0.001).

Compared to the 3-month follow-up performance, at
6-month COVID-19 survivors showed improved perfor-
mances in verbal fluency (F=14.27, p <0.001) and attention
and speed of information processing (F=11.53, p=0.001).
A GLZM analysis of the effects of depressive symptoms
at 3 months on the changes in cognitive functions showed
a significant interaction of depression and age and sex on
verbal memory (y2=4.944, p=0.0262) (Fig. 5a), a signifi-
cant interaction of depression and sex on executive functions
(¥2=13.335, p<0.001) (Fig. 5b), and a significant negative
effect of age on attention and speed of information process-
ing (y2=4.172, p=0.041).

Discussion

This is the first study to investigate cognitive functioning in
COVID-19 survivors at three time points, through a face-to-
face approach in a sample of mainly hospitalized patients not
needing ICU admission and comparing COVID-19 survivors
cognitive functioning with a sample of MDD and HC.

A

o

Predicted values for verbal memory

o No Dep
* Dep

Predicet values for executive functions

Here we showed that: (1) about 75% of patients recov-
ered from COVID-19 show impairments in at least 1
cognitive function; (2) there is no difference in cogni-
tive performances in three different cohorts of patients
assessed, respectively, at 1-, 3-, and 6-month follow-up;
(3) COVID-19 survivors scored lower than HC in psycho-
motor coordination and attention and speed of informa-
tion processing, performed worse than HC and similar to
MDD patients in verbal fluency and executive functions,
but did not differ from HC in working memory and ver-
bal memory; (4) among several demographic and clinical
predictors the factor that most affected cognitive perfor-
mance is depression; and (5) cognitive functions interact
with depressive symptoms in determining quality of life
in COVID-19 survivors.

Our findings are in agreement with previous studies
showing cognitive impairment both following discharge [20]
and in the following 1-3 months especially in the domains of
information processing, verbal fluency and executive func-
tions [2, 33]. According to our results, cognitive impairment
seems to be stable at 1-, 3-, and 6-month follow-up, although
an improvement in verbal fluency and speed of information
processing was observed between 3 and 6 months in associa-
tion with mood improvement. Depression seems to be the
factor that best predicts cognitive functions, more that clini-
cal parameters associated with COVID-19 symptomatology.
Furthermore, depression interact with cognitive function in
affecting two aspects of the quality of life of these patients:
the mobility and the self-care dimensions. In particular,
almost all cognitive functions contribute to the ability to
take care on one-self. This last finding in is agreement with
previous literature in depressed subjects, where executive
functions predict disability in quality of life, social, occupa-
tional, and global functioning as well as self-perceived daily
functioning and longitudinal psychosocial functioning [9].

% Dep
No dep

-60 -40

Males

-20 20 40

Females

60

80

Males Females

Fig.5 A Interaction effect of sex*depression on verbal memory. B Interaction effect of sex*depression on executive functions
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Several mechanisms could underpin the observed defi-
cits with different pathways, which might act in different
individuals with accumulation and interaction effects. First,
cognitive deficits could follow depressive symptomatology.
Depressive mood has been consistently associated with cog-
nitive impairment [5] and depressive symptoms have been
reported in COVID-19 survivors [29] and have been shown
to persist months after hospital discharge [31]. In agreement
with this hypothesis, we recently showed that depression
predicts cognitive performances in attention and speed of
information processing [31] and here we showed that depres-
sion is the variable which best predicts cognitive perfor-
mances, particularly working memory, verbal fluency, speed
of information processing, and executive functions. Further-
more, performances in attention and speed of information
processing improve between 3 and 6 months from hospital
discharge. The ability to pay attention to and manipulate
information, in turn, may affect the overall performance
leading to more widespread cognitive deficits.

Depression, however, is associated with several neuro-
biological effects, which can also be observed in COVID-19
survivors, such as increased cortisol levels, glutamatergic
neurotoxicity and increased pro-inflammatory factors which
can also impact cognitive functioning. Furthermore, coro-
naviruses are considered to be potentially neurotrophic as
suggested by their presence in the cerebrospinal fluid after
less than a week from infection [8]. This hypothesis has
been confirmed by the presence of SARS-CoV-1 genome
sequences throughout the cortex and hypothalamus [17] and
by brain lesion in white matter and gray matter in frontal,
temporal and parietal regions of patients infected by MERS-
CoV [4].

Inflammation can compromise the BBB through the
upregulation of proinflammatory cytokines, such as IL-1,
IL-6, and TNF-a and inflammatory mediators that increase
BBB permeability [27]. The disruption of the BBB enables
cytokines to enter the CNS and activate microglia and oxida-
tive stress, that can promote cognitive decline [1].

Several studies have confirmed the link between inflam-
mation activation and cognitive dysfunction [10]. Older
demented patients with worse cognitive function show
higher levels of inflammation [13] and inflammation plays
a critical role in the pathological process of mild cognitive
impairment [41]. In addition, cytokines and chemokines
have been previously demonstrated to play a role in cogni-
tive development [28]. In agreement with this hypothesis, in
a previous study we observed that the systemic inflamma-
tion index influence verbal memory, verbal fluency, speed
of information processing, and psychomotor coordination
[31]. This finding was confirmed in the present study, where
verbal fluency, speed of information processing, and psy-
chomotor coordination are impaired in COVID-19 survivors
compared to HC.

@ Springer

Finally, COVID-19 has also been found to invade
endothelial cells, leading to vascular inflammation and to
affect small and large vessels in the brain [43] and brain
alteration of vascular origin have been previously associated
with memory, executive functions, and processing speed in
patients with depression [25, 40]. Furthermore, a recent
brain imaging study showed areas of hypometabolism in
the rectal/orbital gyrus (including the olfactory gyrus), the
amygdala, the hippocampus, the thalamus, and the cerebel-
lum. Interestingly, younger patients which are supposed to
develop a more benign form of the disease, showed, instead,
persistent cognitive impairment [18]. Brain alteration have
been observed also in gray and white matter with COVID-
19 patients reporting higher gray matter volumes in several
regions including olfactory cortices, hippocampi, insula, and
cingulate gyrus and alterations of white matter microstruc-
ture with increased fractional anisotropy and reduced radial,
axial, and mean diffusivity. Furthermore, gray matter altera-
tions have been associated with memory loss [26].

Limitation of the present study include a cross-sectional
nature that does not allow interpretation for causality, the
presence of only a small group of patients with a longitudi-
nal assessment at different follow-ups, and differences in age
and sex distribution between COVID-19 survivors, MDD
patients and HC. As expected by the epidemiology, MDD
patients were younger and mainly females [19] when com-
pared with COVID-19 survivors that notably have a more
severe course needing hospitalization in older males [22].
Furthermore, HC subjects were the youngest. To account
for differences between groups the analyses have been per-
formed on scores corrected for age, sex, and education. Fur-
thermore, the presence of cognitive deficits prior to COVID-
19 cannot be excluded. In the present study, we did not used
a neuropsychological battery specific for affective disorders;
therefore, further studies are needed to investigate whether
COVID-19 might affect also the affective component of
cognition. Finally, apart from sex, age, and education, also
intelligence quotient could affect neuropsychological scores
[7]; however, considering the limited health care resources
and patient’s compliance related to the outpatients clinical
setting, we were not able to routinely assess baseline 1Q with
a standardized test.

Conclusions

Our results confirm that neuropsychiatric consequences
of COVID-19 such as cognitive impairment persist in the
months following hospital discharge with only partial
improvement at 6-month follow-up, and that cognitive
impairment, in association with depression, has a detri-
mental impact on the quality of life, especially on the abil-
ity to take care of one-self. Furthermore, we confirmed the
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central role of depression, which is the best predictor of
cognitive performance and of its improvement. Treatment
strategies should take into account the persistent effects
of COVID-19 on mood and cognition and novel therapeu-
tic approaches should be developed, specifically targeting
cognitive impairments.
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