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A B S T R A C T   

Objective: Recent evidence suggests that patients suffering post-acute COVID syndrome frequently report 
cognitive complaints, but their characteristics and pathophysiology are unknown. This study aims to determine 
the characteristics of cognitive dysfunction in patients reporting cognitive complaints after COVID-19 and to 
evaluate the correlation between cognitive function and anxiety, depression, sleep, and olfactory function. 
Methods: Cross-sectional study involving 50 patients with COVID-19 reporting cognitive complaints 9.12 ± 3.46 
months after the acute infection. Patients were evaluated with a comprehensive neuropsychological protocol, 
and scales of fatigue, depression, anxiety, sleep and an olfactory test. Normative data and an age- and education 
matched healthy control group were used for comparison. 
Results: COVID-19 patients showed a diminished performance on several tests evaluating attention and executive 
function, with alterations in processing speed, divided attention, selective attention, visual vigilance, intrinsic 
alertness, working memory, and inhibition; episodic memory; and visuospatial processing. Cognitive perfor
mance was correlated with olfactory dysfunction, and sleep quality and anxiety to a lesser extent, but not 
depression. 
Conclusions: Patients with COVID-19 reporting cognitive symptoms showed a reduced cognitive performance, 
especially in the attention-concentration and executive functioning, episodic memory, and visuospatial pro
cessing domains. Future studies are necessary to disentangle the specific mechanisms associated with COVID-19 
cognitive dysfunction.   

1. Introduction 

Recent investigations have found a novel syndrome called “long 
COVID” or post-COVID syndrome. This term is used to describe a 
constellation of symptoms that persist several weeks after the onset of 
COVID-19 and with an uncertain outcome. COVID-19 may damage 
several organs, including respiratory, renal, vascular, and neurological 
structures (Mehandru and Merad, 2022). Accordingly, long COVID is 
mainly characterized by chronic fatigue, dyspnea, pain, and cognitive 
symptoms. WHO has defined post-COVID condition as a series of 
symptoms that occur in individuals with a history of SARS-CoV-2 
infection, usually three months from the onset of COVID-19 and last
ing for at least two months and cannot be explained by an alternative 

diagnosis (WHO, 2021). Intriguingly, cognitive dysfunction was out
lined by this consensus and a recent meta-analysis among one of the 
three most frequent symptoms (Premraj et al., 2022). In this regard, 
mounting evidence suggests that patients suffering post-acute COVID 
syndrome frequently report cognitive complaints, but their frequency, 
characteristics, and pathophysiology are unknown (Hewitt et al., 2021). 

Previous research evaluating neuropsychological dysfunction after 
COVID-19 mainly used brief cognitive screening measures (e.g. Mon
treal Cognitive Assessment) and were performed in the setting of pa
tients discharged from the hospital or in the first months after the 
disease onset (Vanderlind et al., 2021). Heterogeneous results have been 
observed, suggesting diminished attention, executive function, memory, 
visuospatial functioning, or language (Raman et al., 2021; Woo et al., 
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2020; Zhou et al., 2020). Studies performing comprehensive neuropsy
chological assessments are needed to characterize cognitive functioning 
in patients with COVID-19, evaluating the extent of cognitive dysfunc
tion in these patients. Furthermore, the cause of cognitive deficits is 
unknown. Several factors, including hypoxia, vascular lesions, inflam
matory dysfunction, sleep disorders, or neuropsychiatric comorbidities, 
have been suggested (Vanderlind et al., 2021). Identifying factors that 
contribute to neuropsychological dysfunction is needed to advance in 
the therapy of cognitive difficulties. 

Our aim was two-fold: first, to determine the frequency and char
acteristics of cognitive dysfunction in patients reporting cognitive 
complaints after COVID-19; second, to evaluate the correlation between 
cognitive function and anxiety, depression, sleep, and olfactory 
function. 

2. Methods 

2.1. Study design 

We conducted a cross-sectional study involving 50 patients with 
COVID-19 reporting cognitive complaints at least three months after the 
onset of the disease. The mean age of the patients was 51.06 ± 11.65 
years, and 37 (74.0%) were women. Mean years of education were 13.58 
± 4.01, and the time since the onset was 9.12 ± 3.46 months. All par
ticipants were native Spanish speakers. Inclusion criteria were as fol
lows: 1) Diagnosis of COVID-19 confirmed by RT-PCR at least three 
months before the inclusion in the study; 2) Cognitive complaints 
temporally related with the SARS-CoV-2 infection. Association between 
cognitive complaints and COVID-19 was reported by the patient, dating 
the onset of cognitive complaints during or immediately after the acute 
infection, and after excluding the presence of cognitive symptoms before 
the infection. Exclusion criteria included: 1) Any cognitive complaint 
before COVID-19; 2) History of stroke, traumatic brain injury or any 
neurological disorder potentially associated with cognitive impairment; 
3) Active psychiatric disorder or previous psychiatric disease with a 
potential cognitive effect (e.g. schizophrenia); 4) History of abuse of 
alcohol or other toxics; 5) Drugs or uncontrolled medical conditions 
associated with cognitive impairment at the moment of the assessment 
6) Sensory disorder potentially biasing cognitive assessments. The main 

clinical and demographic characteristics of COVID-19 patients are 
shown in Table 1. 

Patients were recruited from patients consulting due to cognitive 
issues after COVID-19. Patients were first attended at the general 
neurology consultations (derived from primary physicians) or cognitive 
neurology (derived from post-COVID consultations of the Department of 
Internal Medicine). Patients with cognitive symptoms prior to the SARS- 
CoV-2 infection were excluded with the information provided by the 
patient, family or partner, and electronic records from primary care and 
the central database of medical records from our administrative region. 
After confirming the fulfilment of inclusion and exclusion criteria, 53 
patients were consecutively invited to participate. The rate of accep
tance to participate in the study was 94.3%. 

2.2. Standard protocol approval and patient consents 

The study was conducted with the approval of our hospital’s Ethics 
Committee, and all participants gave written informed consent. 

2.3. Neuropsychological and behavioural assessments 

The neuropsychological protocol included the following standard 
paper and pencil tests that were administered in person by a trained 
neuropsychologist: forward and backward digit span, Corsi block- 
tapping test, Symbol Digit Modalities Test, Boston Naming Test (BNT), 
Judgment Line Orientation (JLO), Rey-Osterrieth Complex 
Figure (ROCF) (copy and recall at 3, 30 min, and recognition), Free and 
Cued Selective Reminding Test (FCSRT), verbal fluencies (animals and 
words beginning with “p” and “m" in 1 min each one), Stroop Color- 
Word Interference Test, and the Visual Object and Space Perception 
Battery (VOSP). These tests were co-normed and validated in our setting 
in several neurological disorders (Sanchez-Benavides et al., 2014; Mat
ias-Guiu et al., 2020), and normative data are available in our country 
(Peña-Casanova et al., 2009, 2012). These normative data are repre
sented using age- and education-adjusted scaled scores. Specifically, 
scaled-scores of 5 (equivalent to a percentile of ≤5 or z-score < − 1.65) 
are considered as cognitively impaired. 

Patients were also assessed using the computerized neuropsycho
logical battery Vienna Test System® (Schuhfried GmbH; Mödling, 
Austria) with the following tests: the Trail Making Test (TMT, S1 form), 
Figural Memory Test (FGT, S11 form), Tower of London (TOL-F, S1 
form) and Inhibition Response (INHIB, S13 form) (a variant of go-no go 
task), N-Back Verbal Test (S1 form), Cognitrone (S11 form), Reaction 
Test (RT, S3 form), Determination Test (DT, S1 form), and the WAF 
battery (S1 form) of perception and attention functions (Aschenbrenner 
et al., 2012). TMT, FGT, Tower of London, and Inhibition belong to the 
COGBAT battery. The computerized battery was self-administered at 
hospital under the supervision of a trained neuropsychologist. 

These tests were selected to cover the main cognitive domains: 1) 
attention and processing speed (digit span forward, Corsi forward, 
Symbol Digit Modalities Test, TMT part A, Stroop Word reading and 
Color Naming, Reaction Test, WAF battery, Cognitrone); 2) executive 
function (digit span backwards, Corsi backwards, Stroop interference, 
TMT part B, INHIB, TOL-F, N-back verbal test); 3) episodic memory 
(FCSRT, ROCF memory at 3, 30 min, and recognition, FGT); 4) Visuo
spatial function (JLO, VOSP, ROCF copy); and 5) Language (BNT, Verbal 
fluencies) (McDonald et al., 2022). 

Furthermore, we also administered the Brief Smell Identification Test 
(BSIT) (Doty et al., 1996), State-Trait Anxiety Inventory (STAI) (Spiel
berger et al., 1983), Beck Depression Inventory-II (Beck et al., 1996), 
Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989), and the 
Modified Fatigue Impact Scale (Kos et al., 2005). The following cutoffs 
were used according to the previous literature: BSIT ≤8 were catego
rized as having abnormal olfaction; STAI-S ≥40 was considered clini
cally significant anxiety; BDI-II ≥19 was regarded as moderate or severe 
depression (Beck et al., 1988); PSQI >5 defined poor sleep quality 

Table 1 
Main demographic and clinical characteristics during the acute phase.  

Demographics Age 51.06 ± 11.65 

Sex (% women) 37 (74%) 

Years of education 13.58 ± 4.01 

Handedness 100% Right 

Arterial hypertension 14 (28%) 

Diabetes mellitus 8 (16%) 

Dyslipidemia 16 (32%) 

Tobacco smoking 4 (16%) 

COVID history Time from diagnosis of COVID-19 to 
assessment (months) 

9.42 ± 3.54 

Anosmia or ageusia 36 (72%) 
Headache 42 (84%) 
Confusion 23 (46%) 
Hospitalization 18 (36%) 
Days of hospitalization 19.06 ± 15.53 
ICU 5 (10%) 
Ventilatory assistance 4 (8%) 

MRI findings Fazekas scale Grade 0 47 
(94%) 

Grade 1 3 (6%) 
Grade 2- 
3 

0 (0%) 

Presence of microbleeds 2 (4%)  
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(Byusse et al., 2008); and MFIS ≥38 was considered as having fatigue 
(Strober et al., 2020). The FLEI questionnaire was administered to 
evaluate subjective mental ability (Beblo et al., 2010). 

The participants were evaluated in 3 sessions lasting 75 min each to 
avoid fatigue. Patients were also examined using a 3.0 T MRI, to exclude 
other causes. Main MRI findings are shown in Table 1. 

2.4. Normative data and healthy control group 

Normative data for the standard neuropsychological tests adminis
tered in person were obtained from the Neuronorma studies 
(Peña-Casanova et al., 2009, 2012). These studies recruited a repre
sentative sample of cognitively healthy subjects from different parts of 
the country using strict inclusion and exclusion criteria. In addition, this 
battery was co-normed, a strategy that improves the reliability of 
between-tests comparisons (Peña-Casanova et al., 2009). 

Regarding the tests administered using the computerized system, we 
selected a group of healthy individuals recruited in our setting. Healthy 
controls and patients with COVID-19 were matched 1:1 on the variables 
age (±5 years), sex, and level of education. 

2.5. Statistical analysis 

Statistical analysis was performed using SPSS Statistics 20.0. Case- 
control matching was performed using MedCalc v.20.0. Descriptive 
data are shown as mean ± standard deviation or median [interquartile 
range]. The Shapiro-Wilk’s test was used to check normality. 

We used the Mann-Whitney U test to compare scores between two 
groups (patients with COVID-19 and controls). The effect size was 
estimated with Cohen’s d for two means comparison, considering the 
effect as small (d = 0.2), moderate (d = 0.5), or large (d = 0.8). Findings 
were considered to be statistically significant when the p-value was 
<0.05. 

In addition, we calculated the percentage of impairment of each test. 
For standard tests with normative data available from the Neuronorma 
Project, we considered impaired those age- and education-adjusted 
scaled score ≤5 (percentile ≤5) (Peña-Casanova et al., 2009). For tests 
from the computerized battery, correlations between raw scores and 
age, sex, and years of education were estimated. If correlations were 
statistically non-significant, Z-scores were calculated, and a z-score <
-1.5 was considered impaired. When significant, raw scores were 
adjusted for age and years of education using linear regression models 

and saving residuals. A “global cognitive” composite was derived as the 
mean of z-scores of all cognitive tests. This composite score was nor
mally distributed. It was used to evaluate the association between 
cognitive status and clinical and demographic factors, and self-perceived 
cognitive function. 

Partial correlations were used for the analysis of correlations be
tween cognitive tests and neuropsychiatric scales, olfactory test, and 
sleep questionnaire, controlling by age and education. Correlations were 
regarded as low (<0.30), moderate (0.30–0.49), or high (>0.49). 

3. Results 

3.1. Comparison between cognitive COVID-19 group and healthy controls 

Patients with COVID-19 showed worst scores in the recall and 
recognition trials of the FGT, Inhibition test, NBV, TMT-A and TMT-B, 
and in several visual tasks of the WAF battery (intrinsic visual alert
ness, unimodal selective attention, visual vigilance, and smooth pursuit 
eye movements) (Table 2). 

3.2. Frequency of impairment 

The frequency of impairment was at least three times more frequent 
in COVID-19 patients reporting cognitive symptoms than in the control 
group in Cognitrone (total correct rejection), all scores of the FGT, In
hibition, WAF visual intrinsic alertness, WAF unimodal selective atten
tion, and WAF smooth pursuit eye movements. The frequency of 
impairment was two times more frequent in NBV and ToL (Fig. 1). 

The frequency of age- and education-adjusted scaled scores ≤5 for 
each test is shown in Fig. 2. Frequency of impairment was at least three 
times more frequent than expected in a cognitively healthy population 
in the FCSRT (total free recall, total recall, delayed free recall, and 
delayed total recall), Stroop test, VOSP (discrimination of position and 
number location), and JLO. In the digit span forward and backwards, 
Corsi forward, ROCF (memory recognition), verbal fluency (animals and 
“p" words) and VOSP (progressive silhouettes), the frequency was at 
least two times more frequent than expected. 

Mean STAI-S (State) and STAI-T (Trait) was 41.08 ± 12.29 and 49.34 
± 11.47, respectively. The mean BDI score was 16.00 ± 8.86. Sleep 
quality according to PSQI was 10.10 ± 4.75, and BSIT was 9.00 ± 2.33. 
Mean MFIS was 55.15 ± 15.15. According to the specified cutoffs, 26 
(52%) patients were regarded as having anxiety, 15 (30%) had 

Table 2 
Computerized neuropsychological assessment. Comparison between patients with COVID-19 and controls.   

Raw scores Mann Whitney U (p-value) Effect sizes Percentage below z < -1.5 

COVID-19 (n = 50) Controls (n = 50) COVID-19 Controls 

Cognitrone – Mean time correct rejectiona 3.15 ± 1.04 3.08 ± 1.12 1041 (0.517) 0.06 10.6% 6.2% 
Cognitrone – total correct rejection 33.48 ± 3.18 34.04 ± 2.10 1082 (0.726) 0.20 14.9% 4.2% 
Determination Test - correct reactions 198.31 ± 48.63 215.83 ± 43.99 881 (0.066) 0.37 14.9% 10.4% 
FGT Learning total 24.60 ± 11.52 28.26 ± 11.11 1014 (0.103) 0.32 20% 0% 
FGT Delayed Free Recognition I (5 min) 5.70 ± 2.99 7.28 ± 2.38 820 (0.003) 0.58 20% 4% 
FGT Delayed Free Recognition II (30 min) 5.86 ± 2.74 6.96 ± 2.13 914 (0.019) 0.44 16% 4% 
FGT Recognition 14.40 ± 4.46 15.98 ± 3.33 860 (0.007) 0.40 20% 2% 
NBV Incorrect responses a 14.08 ± 37.00 5.04 ± 7.58 839 (0.004) 0.33 14% 6% 
RT Motor speeda 256.28 ± 95.34 239.58 ± 93.55 954 (0.329) 0.17 8.9% 4.2% 
RT Reaction speeda 509.63 ± 109.84 478.12 ± 98.13 877 (0.062) 0.30 14.9% 8.3% 
TMT-Aa 27.17 ± 13.59 23.18 ± 11.06 864 (0.008) 0.32 8% 6% 
TMT-Ba 46.31 ± 24.73 37.96 ± 25.59 855 (0.006) 0.33 10% 8% 
Inhibition errorsa 7.74 ± 3.91 5.84 ± 3.20 903 (0.016) 0.53 32% 10% 
ToL planning capacity 12.60 ± 4.66 13.73 ± 3.86 1036 (0.242) 0.26 16.3% 8.2% 
WAF Intrinsic alertness (visual) a 295.40 ± 121.32 248.85 ± 73.34 885 (0.017) 0.46 22.4% 6% 
WAF crossmodal divided attention (visual – auditive) a 561.37 ± 216.40 569.72 ± 191.29 1152 (0.863) 0.04 8.3% 6.1% 
WAF unimodal selective attention (visual)a 429.66 ± 124.86 391.73 ± 83.12 836 (0.043) 0.35 21.7% 6.2% 
WAF Visual vigilancea 504.63 ± 124.20 461.88 ± 107.38 717 (0.005) 0.36 4.3% 4.3% 
WAF Smooth pursuit eye movementsa 381.80 ± 118.34 342.49 ± 71.93 845 (0.050) 0.40 21.7% 6.2% 

Statistically significant p-values are shown in bold. 
a A higher value means a worst performance of this test. 
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depression (at least moderate), 40 (80%) had poor sleep quality, and 20 
(40%) showed olfactory dysfunction at the moment of the assessment. 
According to MFIS, 43 (80%) had fatigue. 

3.3. Correlations between cognitive tests with fatigue, sleep, olfaction, and 
neuropsychiatric scales 

MFIS showed moderate correlations with Corsi test (backward), 
SDMT, FCSRT (delayed free and delayed total recall), ROCF (memory at 
30 min), Stroop (part B), VOSP (object decision), and smooth pursuit eye 
movements. PSQI showed moderate correlations with SDMT and letter 

fluency. 
BSIT showed moderate correlations with digit span (backwards), 

ROCF (memory at 30 min), and Stroop A. In the computerized battery, 
BSIT showed moderate correlations with the Inhibition test, Determi
nation Test, divided attention, selective attention, and FGT (Delayed 
Free Recognition I). 

STAI showed moderate correlations with digit span forward, FCSRT 
(delayed free recall), VOSP (object decision), TMT part B, and WAF 
(unimodal visual selective attention). BDI only correlated with N-Back, 
Determination Test, and selective attention in the computerized battery. 
All correlations are shown in Fig. 3. 

Fig. 1. Radar chart representing the percentage of 
patients showing age- and education-adjusted scaled 
score ≤5 in healthy controls (green) and COVID-19 
(blue) in standard tests. Each concentric line repre
sents a 10%. Percentage in healthy controls is an es
timate according to normative data. Abbreviations: 
BNT: Boston Naming Test; DSF: Digit Span Forward; 
DSB: Digit span backwards; CF: Corsi forward; CB: 
Corsi Backwards; FCSRT: Free and Cued Selective 
Reminding Test (FR1: Free Recall Trial 1; FTR: Free 
Total Recall; TR: Total Recall; DFR: Delayed Free 
Recall; DTR: Delayed Total Recall); JLO: Judgment 
Line Orientation; LF: letter fluency; ROCF: Rey- 
Osterrieth Complex Figure (c: copy accuracy; t: copy 
time; 3: memory at 3 min; 30: memory at 30 min; rec: 
recognition); SDMT: Symbol Digit Modalities Test; SF: 
Semantic Fluency; Stroop A (word reading); Stroop B 
(color naming); Stroop C (interference); VOSP: Visual 
Object Space Perception Battery (DP: discrimination 
of position; NL: number location; OD: object decision; 
PS: progressive silhouettes).   

Fig. 2. Radar chart representing the percentage of 
patients showing z-scores ≤1.5 (or ≥1.5 when 
appropriate) in healthy controls (green) and COVID- 
19 (blue) in the computerized battery. Each concen
tric line represents a 10%. Abbreviations: COG: Cog
nitrone (i: total correct rejection; t: mean time correct 
rejection); DT: determination test; NBV: N-back ver
bal; FGT (DFR1: Delayed Free Recognition at 5 min, 
DFR2: Delayed Free Recognition at 30 min; LT: 
Learning Total; R: Recognition); RT: Reaction Test; 
TMT: Trail Making Test; ToL: Tower of London.   
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3.4. Association between global cognitive composite and self-perceived 
cognition 

Global cognitive composite showed moderate correlations with FLEI 
subscores (attention r = − 0.344, p = 0.015; executive functioning r =
− 0.431, p = 0.002; memory r = 0.349, p = 0.014; and mental capacity r 
= − 0.408, p = 0.004). Composite score also correlated with olfactory 
function (r = 0.448, p = 0.001), sleep quality (r = − 0.328, p = 0.022) 
and anxiety (r = − 0.342, p = 0.016). It was not correlated with 
depression (r = − 0.234, p = 0.109) or time since acute COVID-19 (r =
0.020, p = 0.889). 

BDI correlated with FLEI executive function (r = 0.553, p < 0.001) 
and mental capacity (r = 0.416, p = 0.004), but not with the other 
subscales (p > 0.05). Sleep questionnaire only correlated with FLEI ex
ecutive function (r = 0.363, p = 0.011). STAI-S correlated with FLEI 
executive function (r = 0.485, p < 0.001), attention (r = 0.375, p =
0.009), and mental capacity (r = 0.408, p = 0.004). 

4. Discussion 

In this study, we evaluated the presence of cognitive dysfunction in 
patients with COVID-19 reporting cognitive complaints that persisted 
after the acute phase. We found a lower than expected performance in 
several cognitive tests, which is consistent with the existence of cogni
tive dysfunction in this subgroup of COVID-19 patients. Two different 
procedures support these findings. On the one hand, a battery of stan
dard neuropsychological tests administered by a trained neuropsychol
ogist in person and using normative data from a large multicentre 
normative available in our country. On the other hand, a computerized 
battery by comparison with a matched healthy control group recruited 
in our centre. In this regard, several cognitive tasks were impaired two, 
three or four times more than expected in healthy controls. Similarly, 
statistically significant differences were observed in many tests in 
comparison with healthy controls. These findings confirm that patients 

reporting cognitive complaints after COVID-19 actually showed lower 
performance on cognitive testing. Importantly, our findings are 
restricted to patients reporting cognitive symptoms after COVID-19, but 
they are not generalizable to all patients affected by COVID-19. 
Furthermore, although we only enrolled patients with no known fac
tors associated with cognitive impairment, we cannot exclude the role of 
other reasons explaining cognitive dysfunction beyond COVID-19, 
including vulnerabilities (psychological, medical or environmental) 
before or during the infection. 

Another remarkable finding was the analysis of the specific cognitive 
tests impaired. COVID-19 patients showed a diminished performance on 
several tests evaluating the following cognitive functions. First, atten
tion and executive function, with alterations in processing speed (SDMT, 
TMT-A), divided attention (TMT-B), selective attention (WAF and 
Stroop), visual vigilance, intrinsic alertness, working memory (span, N- 
back), and inhibition (Inhibition test, Stroop). Second, episodic memory 
(FCSRT, FGT). And third, visuospatial processing (JLO, VOSP, visual 
tasks of WAF battery). 

Notably, effect sizes were generally small for most cognitive tests. 
This finding suggests that, on average, the magnitude of cognitive def
icits was generally small. However, considering that this performance is 
detected in young patients, it could have a high socio-economic impact. 

One of the most interesting findings of our study is the low correla
tion of cognitive tests with neuropsychiatric scales. Although according 
to previous studies anxiety and depression in our sample was present in 
a subgroup of patients (Vanderlind et al., 2021), scores in depression and 
anxiety questionnaires did not significantly correlate with most cogni
tive performance. In tests showing statistically significant correlations, 
the percentage of the variance of the cognitive test explained by 
depression or anxiety scales was low (<15%). This suggests that 
depression and anxiety do not explain cognitive findings in these pa
tients and supports that the cognitive disorder is not secondary to psy
chological aspects. As expected, depression was weakly correlated with 
some attentional tasks, especially the N-back, which has been previously 

Fig. 3. Heatmap of Pearson correlations between STAI, PSQI, MFIS, BSIT, and BDI with neuropsychological tests (A: Standard tests; B: Computerized battery).  
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suggested as a cognitive signature in depressed patients (Nikolin et al., 
2021). Most of the patients included in our study did not require hos
pitalization, and ICU admission was performed in 10% of cases, sug
gesting that cognitive complaints also occurred in patients with mild 
forms of acute COVID-19. 

Our study has some limitations. First, we only enrolled patients 
reporting cognitive complaints after COVID-19 without any previous 
potential cause of cognitive dysfunction. Hence, our findings are limited 
to these patients and not to all patients with COVID-19. Second, we did 
not have previous neuropsychological assessments of patients enrolled 
in this study. Consequently, it is not possible to draw definitive con
clusions about a causal relationship between COVID-19 and cognitive 
dysfunction. However, we tried to reduce the impact of this limitation 
using strict inclusion and exclusion criteria. Accordingly, the prevalence 
of risk factors (e.g. arterial hypertension, diabetes) is low, comorbidities 
with a potential cognitive impact were specifically excluded, and the 
visual analysis of MRI did not reveal significant findings. In addition, we 
used two methods of analysis from two independent control groups 
(comparison with a healthy control group and use of normative data at 
country level) with consistent findings. Third, we did not examine po
tential associations between cognitive deficits and clinical, de
mographic, or neuroimaging characteristics. Future studies with larger 
samples are necessary to evaluate these features, which are essential to 
understand the pathophysiology of cognitive dysfunction in COVID-19 
patients (Matias-Guiu et al., 2020; Balcom et al., 2021). Patients in 
our study were evaluated 9.42 ± 3.54 months after COVID-19 onset of 
symptoms, which excluded patients in an acute confusional state and it 
hints that cognitive dysfunction may be detected several months after 
the acute stage. 

In conclusion, our study shows that patients with COVID-19 report
ing cognitive symptoms showed a reduced cognitive performance, 
especially in the attention-concentration and executive functioning, 
episodic memory, and visuospatial processing domains. Cognitive per
formance was correlated with olfactory dysfunction and sleep quality 
and anxiety to a lesser extent, but not depression. Self-perceived 
cognitive functions were correlated with both cognitive performance 
and mood. Our study is a first step characterizing cognitive dysfunction 
in patients reporting cognitive complaints after COVID-19. Future 
studies combining cognitive assessment with a multimodal evaluation 
(such as neuroimaging, immunological measurements, serum or CSF 
biomarkers) and longitudinal follow-up are necessary to disentangle the 
specific mechanisms associated with COVID-19 cognitive dysfunction. 
In addition, population-based epidemiological studies are necessary to 
define the frequency and consequences of cognitive deficits in patients 
with COVID-19. 
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