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Abstract.
Background: Neurocognitive disorders (NCDs) are a part of the post-acute coronavirus disease (COVID-19) syndrome. No
study has specifically evaluated NCDs in post-acute COVID-19 patients with cognitive complaints or their MRI determinants.
Objective: To characterize NCDs in post-acute COVID-19 patients with cognitive complaints. The secondary objectives
were to assess their clinical and MRI determinants.
Methods: We included 46 patients with a post-acute COVID-19 cognitive complaint referred to the Amiens University Hos-
pital Memory Center. They underwent a neuropsychological assessment and 36 had cerebral MRI. The G3 overall summary
score was the sum of the mean z scores for the executive function, language, and action speed domains. Neuropsychological
profiles were compared in a general linear model. Clinical determinants were analyzed by stepwise linear regression. White
matter hyperintensities (WMH) masks were analyzed using parcel-based WMH symptom mapping to identify the locations
of WMHs associated with cognitive performance.
Results: Repeated ANOVA showed a group effect (p = 0.0001) due to overall lower performance for patients and a domain
effect (p = 0.0001) due to a lower (p = 0.007) action speed score. The G3 overall summary score was significantly associated
with solely the requirement for oxygen (R2 = 0.319, p = 0.031). WHMs were associated with the G3 overall summary score in
the following structures, all right-sided (p < 0.01): superior frontal region, postcentral region, cingulum, cortico-spinal tract,
inferior longitudinal fasciculus, internal capsule, and posterior segment of the arcuate fasciculus.
Conclusion: Post-acute COVID-19 patients with cognitive complaints had NCD, with prominent action slowing, significantly
associated with the acute phase oxygen requirement and a right-sided WMH structure pattern.
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INTRODUCTION

The acute neurological complications of coron-
avirus disease (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
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2) have been largely described: encephalopathy,
encephalitis, acute disseminated encephalomyelitis
and myelitis, cerebrovascular complications, acute
hemorrhagic necrotizing encephalopathy, seizures,
and peripheral nervous system diseases [1–6]. The
prevalence has been estimated to be 13.5%, with
age, sex (male), diabetes, hypertension, intubation,
and higher sequential organ failure assessment scores
associated with neurological complications. Neuro-
logical disorders have also been shown to be a risk
factor of a bad outcome [6]. Multiple mechanisms
underlie such neurological manifestations [4], with
inflammation considered to be prominent, supported
by neuropathological and cerebrospinal fluid (CSF)
findings [1, 4, 7, 8]. The most common brain magnetic
resonance imaging (MRI) findings are hypersignals
in the temporal lobes and non-confluent white mat-
ter multifocal abnormalities, variably associated with
contrast enhancement and/or hemorrhagic lesions [9,
10].

Apart from the acute phase, patient follow-up has
led to the identification of post-acute COVID-19 syn-
drome, in which neurological disorders are frequent,
particularly neurocognitive disorders (NCDs) [11].
NCDs are defined by evidence of significant cog-
nitive decline from a previous level of performance
in one or more cognitive domains [12]. Post-acute
COVID-19 syndrome is defined by persistent symp-
toms and/or delayed long-term complications beyond
four weeks from the onset of symptoms [11, 13]
and concerns many other organ systems: pulmonary,
hematological, cardiovascular, renal, endocrine, hap-
atogastrointestinal, and dermatological [11]. The
most common neurological symptom is cognitive
complaints [14]. Post-COVID-19 NCD was assessed
with a neuropsychological battery within a mean
time interval of less than four weeks from the onset
of symptoms [15]. The authors reported prominent
impairment of verbal memory, executive function,
action speed, language, and visuoconstructive abil-
ities in 35 COVID-19 patients [15]. Low cognitive
performance was associated with headache and clin-
ical hypoxia during the acute phase. The few studies
to evaluate post-acute COVID-19 NCD with a neu-
ropsychological battery have reported prominent
impairment of verbal memory, executive function,
and action speed in series of 15 to 50 patients
[16–20]. Verbal memory impairment has been shown
to be associated with acute respiratory distress
syndrome [16] and cognitive impairment with the
severity of respiratory symptoms [19]. No study has
yet specifically evaluated the relationship between

NCD in post-acute COVID-19 patients and cogni-
tive complaints. Such cognitive complaints refer to
a self-perceived decline in an individual’s memory
and/or other cognitive abilities over time.

A single study [18] reported an association
between the Montreal Cognitive Assessment and
frontoparietal hypometabolism. MRI corelates of
post-acute COVID-19 NCD are still completely
unexplored. Associating clinical and imaging deter-
minants of NCD in post-acute COVID-19 patients
with cognitive complaints would contribute to a better
understanding of the mechanism of the disease and
help in deciding the most appropriate management
and therapeutics.

The main objective of our study was to charac-
terize the NCD pattern (with a neuropsychological
battery) in post-acute COVID-19 patients referred
for cognitive complaints. The secondary objectives
were to assess their prevalence and clinical and imag-
ing determinants (automated analysis of white matter
hyperintensities (WMHs) on cerebral MRI).

METHODS

Population

We included French-speaking patients with a
post-acute COVID-19 cognitive complaint referred
(mostly by a pneumologist, a general practitioner,
or another specialist) to the memory center of the
Amiens University Medical Center (Amiens, France)
following a COVID-19 infection diagnosed as cer-
tain (positive nasopharyngeal swab for SARS CoV-2
by reverse transcriptase polymerase chain reaction
assay and/or positive antibodies against SARS CoV-
2) or probable (typical clinical symptoms during the
COVID-19 epidemic confirmed by an infectious dis-
ease specialist) (one patient). The exclusion criteria
were: 1) illiteracy, 2) alcoholism or severe comorbidi-
ties (severe cardiac, respiratory, or renal disease), 3)
concurrent neurological and/or psychiatric disorders
(except for depression or anxiety), and 4) a history
of major or minor NCD [12]. All patients underwent
a clinical examination and were tested using a stan-
dardized neuropsychological battery. Cerebral MRI
with 3D fluid-attenuated inversion recovery (FLAIR)
sequences was performed for all patients but was
available at the time of analysis for 36. Clinical data
were collected, including age, gender, the history
of acute COVID-19 (oxygen requirement, intuba-
tion, intensive care unit, fever, delirium), medical
history (cardiovascular risk factors, depressive syn-
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drome), neurological examination, and drugs used
during the neuropsychological assessment (anxiolyt-
ics, antipsychotics). Ethical approval was obtained
from the local institutional review board (CNIL: N◦
PI2020 843 0059).

Neuropsychological assessment

Patients were assessed using a standardized neu-
ropsychological battery [21] that covered 1) general
cognitive efficiency, with the GRECO version of the
Mini-Mental Test Examination [22], 2) language,
with the Boston Naming Test [23], 3) visuocon-
structive abilities, with the Rey-Osterrieth Complex
Figure Copy Test [24], 4) episodic memory, with
the French adaptation of the Free and Cued Selec-
tive Reminding Test [25] and the Doors and People
Test [26], 5) action speed, with the Digit Symbol-
Coding Test [27], 6) executive function, with the
GREFEX versions [28] of verbal fluency (letter and
category) tests [29], the Trail Making Test (TMT)
[30] and the Stroop test [31], and 7) behavioral exec-
utive disorders, with the Behavioral Dysexecutive
Syndrome Inventory [32]. Behavioral dysexecutive
disorders (such as apathy) were considered only if
behavioral changes were not accounted for by psychi-
atric conditions, such as depression [28]. Depressive
symptoms were evaluated using the Montgomery-
Åsberg Depression Rating Scale [33]. The State-Trait
Anxiety Inventory [34] was used to measure the
presence and severity of symptoms of anxiety via
self-reporting. Fatigue was assessed using the fatigue
severity scale [35]. Activities of daily living were
assessed using the modified Instrumental Activities
of Daily Living scale [36].

MRI

Image acquisition
MRI (sequences: 3D FLAIR, gadolinium 3D

T1, T2-weighted gradient echo, diffusion) was per-
formed using two magnetic resonance scanners: 3.0
T (PhilipsR with head coil) and 1.5 T (General
ElectricR, optima MR450W). The acquisition char-
acteristics of the 3D FLAIR for the 3T scanner were
repetition time: 8000 ms echo time: 320.3 ms, inver-
sion time: 1650 ms, field of view: 25 × 25 cm, matrix:
224 × 224, thickness: 1.5 mm, and one excitation and
those for the 1.5 T scanner were repetition time:
7602 ms, echo time: 137 ms, inversion time: 2042 ms,
field of view: 22 × 26 cm, matrix: 192 × 192, thick-
ness: 1.6 mm, and one excitation. The acquisition

characteristics of gadolinium 3D T1 for the 3T scan-
ner were repetition time: 7.9 ms echo time: 5.5 ms,
field of view: 25 × 25 cm, matrix: 250 × 312, thick-
ness: 1 mm and those for the 1.5 T scanner were
repetition time: 8 ms, echo time: 3.2 ms, field of
view: 26 × 23.4 cm, matrix: 312 × 312, thickness:
1 mm. The acquisition characteristics of T2-weighted
gradient echo for the 3T scanner were repetition
time: 6150 ms echo time: 13.8 ms, field of view:
24 × 24 cm, matrix: 320 × 320, thickness: 5 mm and
those for the 1.5 T scanner were repetition time:
750 ms, echo time: 23 ms, field of view: 24 × 24 cm,
matrix: 320 × 324, thickness: 5 mm. The acquisition
characteristics of diffusion (B0 and B1000) for the
3T scanner were repetition time: 2900 ms echo time:
78 ms, field of view: 23 × 23 cm, matrix: 152 × 106,
thickness: 5 mm and those for the 1.5 T scanner
were repetition time: 9444 ms, echo time: 72 ms, field
of view: 26 × 26 cm, matrix: 130 × 140, thickness:
4 mm.

Visual analysis
Neurologists blinded to the clinical data used a

validated method [37] to assess the presence of
focal lesions, including infarcts and hemorrhages, of
WMHs [38], defined according to recent diagnostic
criteria [38–40]. WMH microbleeds (not including
hemosiderosis) were rated according to the Standards
for Reporting Vascular Changes on Neuroimaging
[38].

Segmentation and normalization of WMHs
3D FLAIR images were normalized in the MNI

space (MNI152 atlas) using SPM12 (http://www.
fil.ion.ucl.ac.uk/spm/software/spm12/). The quality
of the brain normalizations was visually validated.
WMHs were automatically extracted using the
Lesion Prediction Algorithm from the LST toolbox
[41, 42] running on SPM12. It has been found to be
among the top ranked methods for the analysis of both
research and clinical datasets [43]. WMH masks were
used to compute their volume using a threshold of 0.5
[41, 42].

Parcel-based WMH Symptom Mapping and
multivariate analysis

Lesional determinants were analyzed by assessing
the relationship between cognitive performance
and WMHs, both in terms of volume and location,
according to a previously validated method [44].
The locations of WMHs associated with cognitive
performance were identified by analyzing WMH

http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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masks using parcel-based WMH Symptom Mapping
(PWMHSM) with NiiStatV9 (https://www.nitrc.org/
projects/niistat/), running with Matlab R2018b
(https://in.mathworks.com/products/matlab.html)
and SPM12 (http://www.fil.ion.ucl.ac.uk/spm/).
Statistical power was increased by parceling the
brain into various regions using the Automatic
Anatomical Labelling (AAL) [45] and NatbrainLab
(CAT) [46] atlases. These atlases are combined
in NiiStat and include 150 grey-matter structures
(AAL) and tracts (CAT). The AAL atlas was also
used because visual examination showed that certain
WMHs were located near grey-matter structures
that are not covered by the CAT atlas. Analyses
were performed in regions with WMHs observed
in at least four patients. The significance threshold
was set to a p-value of 0.01, corrected for multiple
comparisons using the false discovery rate (FDR).

The bivariate step was followed by multivariate
analysis performed using stepwise linear regression
analysis [44]. The dependent variable was the global
cognitive score and the independent variables sub-
mitted to regression the global WMH volume and
the volume of WMHs in each region found to be
significant in PWMHSM analysis.

Statistics

Test cut-offs
The analysis was based on a validated frame-

work for the interpretation of cognitive data [47]
using data from a large group of healthy controls
(HCs) (n = 1,003, males: 35.9%, mean age ± SD:
62 ± 11.3, mean years of full-time education ± SD:
11.4 ± 3.2) [48]) and consisted of four main steps: 1)
transformation of component scores, 2) adjustment
for significant demographic factors, 3) combina-
tion of component scores into five domain scores
(action speed, executive functions, episodic mem-
ory, and language and visuoconstructive abilities),
and 4) combination of domain scores into an overall
summary score. Component scores were combined
according to the cognitive domain; if several com-
ponent z scores assessed the same domain, they were
averaged to yield a domain score. The executive func-
tion score was the mean value of the z scores for
category fluency and the error rate in the TMT Part
B minus Part A. The memory score was the mean
value of the z scores for the third free recall and
the delayed free recall in the Free and Cued Selec-
tive Reminding Test. The visuoconstructive function
score was the z score for the Rey-Osterrieth Com-

plex Figure Copy Test. The language score was the
mean value of the z scores for the Boston Naming
Test. The action speed score was the mean value for
the completion time in the TMT Part B and the Digit
Symbol Coding Test. After checking the homogene-
ity of the score distribution across the domains, the
five domain scores were combined in two different
ways. This resulted in two overall summary scores:
1) the overall cognitive summary score, correspond-
ing to the average of the five domain scores, and 2) the
shortened cognitive summary score, corresponding to
the mean of the most frequently impaired domains.
Finally, the scores were categorized (i.e., normal
or impaired) using the 5th percentile. Missing data
were only interpreted as corresponding to an impair-
ment when the neuropsychologist indicated that the
patient was unable to perform the task. In other cases,
the data were not modified and were considered to
be missing.

Analysis of neuropsychological and clinical
results

Neuropsychological profiles (z scores) of patients
were determined by comparison of their perfor-
mance with those of HCs using analysis of variance
(ANOVA) with repeated measures on the domain
score (language, visuoconstructive abilities, memory,
executive function, and action speed) and the group
(patients with post-acute COVID-19 cognitive com-
plaints versus HCs) as a between-subject factor. A
post hoc test was performed using deviation contrast
analysis.

As previously shown [49, 50], the optimal over-
all summary score is formed by combining scores
that are the most sensitive to the study condition. The
selection of sensitive domain z scores was performed
by stepwise logistic regression analysis with the
group (patients, controls) as the dependent variable
and the following scores submitted as independent
variables: each of the five domain scores (language,
visuoconstructive abilities, memory, executive func-
tion, and action speed), the global 5 cognitive score,
corresponding to the mean of the z scores of the
five cognitive domains), the global 4 cognitive score,
corresponding to the mean of the z scores for the
four most impaired domains in the ANOVA analy-
sis, and the global 3 (G3) cognitive score (G3 overall
summary score), corresponding to the mean of the
z scores for the three most impaired domains in
the ANOVA analysis [50]. The prevalence of cogni-
tive impairment was computed after dichotomization
using the 5th percentile; the 95% CI for the preva-

https://www.nitrc.org/projects/niistat/
https://www.nitrc.org/projects/niistat/
https://in.mathworks.com/products/matlab.html
http://www.fil.ion.ucl.ac.uk/spm/
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lence of impairment was computed using the equation
p ± zx

√
(p×(1 – p)/n).

Examination of the clinical determinants of post-
acute COVID-19 NCD was carried out in two steps.
First, we computed Pearson correlation coefficients
between the optimal overall summary score (i.e.,
G3, see below) and clinical indices (oxygen require-
ment, intubation, intensive care unit, non-invasive
ventilation, fever, delirium, medical history of stroke,
medical history of depressive syndrome, cardio-
vascular risk factors, depressive syndrome, anxiety,
fatigue, neurological examination [focal deficit, ten-
don reflex, Babinski sign, cerebellar syndrome], and
anxiolytic and anti-depressant use). Second, clinical
indices with a correlation of p < 0.2 were subjected
to stepwise linear regression. Demographic factors
were not included in the regression analysis, as cogni-
tive z-scores were already adjusted for demographic
factors.

The threshold for statistical significance was set to
p = 0.05. Statistical analyses were performed using
SPSS software (version 15, SPSS Inc., Chicago, IL,
USA).

RESULTS

Population

The demographic breakdown (Table 1) was charac-
terized by a mean age of 50.9 years, a predominance
of females (74%), and a high level of education:
60.9% of patients had a tertiary level of education
(more than 11 years of schooling), 30.4% a sec-
ondary level (between 9 and 11 years of schooling),
and only 8.7% a primary level (less than 9 years of
schooling). No patients had observable neurological
complications during the acute phase. The fatigue
score indicated impairment for 80.4% of patients.
Only 13% of patients were intubated for COVID-
19. No patient had impaired autonomy. Thirty-seven
patients underwent cerebral MRI, of whom 36 had
FLAIR sequences (which were used for the MRI
analysis). One patient had a stroke sequela (with a
medical history before developing COVID-19 symp-
toms); she had a neuropsychological assessment after
her stroke and before becoming ill with COVID-19,
which was normal. The time interval from COVID-
19 (date of symptoms onset) to neuropsychological
assessment was 254 (± 90) days, from COVID-19 to
MRI 202 (± 80) days, and between the neuropsycho-
logical assessment and MRI 54 (± 61) days.

Cognitive deficit and profile

Repeated ANOVA showed a group effect
(p = 0.0001), due to overall lower performance in
patients (patients: mean z score = –0.514 ± 0.089,
HCs: mean z score = 0.017 ± 0.021), and a
domain effect (p = 0.0001), due to overall
lower (p = 0.007) action speed score (mean z
score = –0.817 ± 0.142), followed by language
(mean z score = –0.685 ± 0.152), executive functions
(mean z score = –0.627 ± 0.139) and memory (mean
z score = –0.486 ± 0.151) scores (visuoconstructive
ability mean z score = 0.044 ± 0.149) according
to contrast analysis. Finally, the group × domain
interaction was significant (p = 0.001) due to lower
performance in the action speed, executive function,
and language domains (Fig. 1) in patients.

Based on these results, the four-factor overall sum-
mary score was computed using the z scores of action
speed, executive functions, language, and memory
and the three-factor (G3) overall summary score,
using the z scores of action speed, executive func-
tions, and language.

Definition of overall summary score and
prevalence of CI‘

Stepwise logistic regression selected the G3 overall
summary score as the most discriminative cognitive
index associated with post-acute COVID-19 cogni-
tive complaints versus HC (odds ratio (OR) = 5.0033,
95% CI [3.185–7.951], p = 0.001). The prevalence of
impairment based on the G3 overall summary score
was 19.6%, 95% CI [8.1%–31.0%].

Clinical determinants

The results of bivariate analysis are presented in
Table 2. In the stepwise linear regression model, the
G3 overall summary score was significantly asso-
ciated with solely the requirement for oxygen (R2

= 0.319, p = 0.031).

Imaging determinants

The frequency of WMHs is presented in Fig. 2.
In PWMHSM analysis, WHMs were associated with
the G3 overall summary score in the following struc-
tures, all localized to the right hemisphere: superior
frontal region (mean z = –3.74), postcentral region
(mean z = –3.71), cingulum (mean z = –3.56), cortico-
spinal tract (mean z = –3.57), inferior longitudinal



1244 D. Andriuta et al. / Post-Acute COVID-19 Cognitive Complaint

Table 1
Demographic and MRI characteristics of the post-acute COVID-19 cognitive complaint population

N = 46

Age (y) 50.9 (± 14)
Gender, male 11 (23.9%)
Education level

primary 4 (8.7%)
secondary 14 (30.4%)
tertiary 28 (60.9%)

Right-handed 42 (91.3%)
Time between COVID-19 and Neuropsychological assessment (days) 254 (± 90)
Time between COVID-19 and MRI (days) 202 (± 80)
Time between MRI and Neuropsychological assessment (days) 54 (± 61)
During COVID-19

Intensive care unit 11 (23.9%)
Intubation 6 (13%)
Noninvasive ventilation 8 (17.3%)
Oxygen requirement 17 (36.9%)
Fever 30 (65.2%)
Delirium 5 (10.8%)
Anosmia/Ageusia 23 (50%)

Medical history
Depression 10 (21.7%)
Stroke 3 (6.5%)
Cardiovascular risk factors (at least one) 25 (54.3%)

During neurological consultation
Anxiolytic use 9 (19.5%)
Anti-depressant use 12 (26.1%)
Sleeping disorders 10 (21.7%)
Motor deficit 3 (6.5%)
Sensitive deficit 3 (6.5%)
Vivid deep tendon reflexes 9 (19.6%)
Abolition of deep tendon reflexes 6 (13%)
Cerebellar syndrome 2 (4.3%)
Depression 15 (32.6%)
Anxiety (moderate or elevated) 19 (41.3%)
Fatigue 37 (80.4%)
MMSE 27.9 (±1.5)

Cerebral MRI 37 (80.4%)
3D FLAIR 36 (78.3%)

White matter abnormalities 19 (51.3%)
Focal lesion 1 (2.7%)
Leptomeningeal enhancement 3 (5.4%)
Microbleeds 3 (8.1%)

MMSE, Mini-Mental State Examination; FLAIR, fluid-attenuated inversion recovery.

fasciculus (mean z = –3.62), internal capsule (mean
z = –3.39), and posterior segment of the arcuate fas-
ciculus (mean z = – 3.41) (Fig. 3 and Supplementary
Table 1). The data for these six regions were subjected
to linear regression analysis.

The presence of microbleeds (R = 0.15, p = 0.28),
leptomeningeal enhancement (R = 0.12, p = 0.27, and
the presence of focal lesions (R = 0.198, p = 0.15)
did not correlate with the G3 overall summary
score. However, the global volume of WMHs
(7.4 ± 20.9 ml) significantly correlated with the G3
overall summary score (R = –0.646; p = 0.0001).

The global WMH volume and the six regions found
by PWMHSM were used for stepwise linear regres-

sion analysis, which selected WMHs in the right
superior frontal region (R2 = 0.44, p = 0.0001).

DISCUSSION

In the present study, we demonstrate the presence
of NCD in post-acute COVID-19 patients with cogni-
tive complaints. The cognitive domains most highly
affected were action speed, executive function, and
language (naming) and the most pertinent cogni-
tive index was the G3 overall summary score (the
mean of the z scores for the cognitive domains of
action speed, executive function, and language). The
cognitive deficit was slight (mean z = –0.514). The
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Fig. 1. Cognitive profile (z-scores) of post-acute COVID-19 cognitive complaint. Blue: z-scores of each cognitive domain for the healthy
controls. Red: z-scores of each cognitive domain for the COVOD-19 patients with a cognitive complaint. The group × domain interaction
was significant (p = 0.001) due to lower performance in the action speed, executive function, and language domains in patients.

Table 2
Pearson correlation of G3 overall summary score and clinical

factors

R p

During COVID-19
Intensive care unit –0.181 0.129
Intubation –0.247 0.06
Noninvasive ventilation –0.231 0.073
Oxygen requirement –0.251 0.057
Fever –0.034 0.415
Delirium –0.08 0.31
Anosmia/Ageusia 0.001 0.994

Medical history
Depression –0.033 0.418
Stroke –0.18 0.13

Cardiovascular risk factors (at least one) –0.112 0.243
Anxiolytic use –0.111 0.245
Anti-depressant use –0.098 0.272
Sleeping disorders 0.138 0.194
Motor deficit 0.117 0.233
Sensitive deficit 0.052 0.373
Vivid deep tendon reflexes 0 0.998
Abolition of deep tendon reflexes 0.202 0.178
Cerebellar syndrome –0.162 0.282
Depression –0.014 0.466
Anxiety –0.15 0.174
Fatigue 0.157 0.164

prevalence of NCD (expressed by the G3 overall sum-
mary score) was 19.6%, (95% CI [8.1%–31.0%])),
with the only clinical determinant being the require-

ment for oxygen. Importantly, we show a pattern of
WMHs associated with post-acute COVID-19 NCD
with cognitive complaints (expressed by the G3 over-
all summary score), all right sided and consisting
of WMHs in the superior frontal region, postcentral
region, right cingulum, cortico-spinal tract, inferior
longitudinal fasciculus, internal capsule, and poste-
rior segment of the arcuate fasciculus. Only the right
superior frontal region was significantly associated
with the G3 overall summary score when considering
the global WMH volume.

Our results for the post-acute COVID-19 NCD
cognitive profile, showing a predominance of slow-
ing and executive dysfunction, are in accordance with
those of already published studies [16–20]. In terms
of language, Alemeria et al. [15] showed impairment
based on reduced performance on the Boston Nam-
ing Test, performed from 10 to 35 days after hospital
discharge, for 35 patients. We are the first to describe
the cognitive profile and relatively high prevalence of
NCD (19.6%) in an already preselected population:
post-acute COVID-19 with cognitive complaints. We
confirmed the significant prevalence of NCD in post-
acute COVID-19 syndrome [11] and the importance
of clinical follow-up of COVID-19 patients [13]. A
cognitive complaint during follow-up should be seri-
ously considered and the patient referred to a memory
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Fig. 2. Frequency map of white matter hyperintensities in each structure. Color bar: frequency (higher number corresponds to higher
frequency) of white matter hyperintensities in each structure of the Automatic Anatomical Labelling (AAL) and NatbrainLab (CAT) atlases.
(e.g., tracts in white color correspond to the presence of WMH in 25% of patients). R, right; L, left.

Fig. 3. Parcel-based white matter hyperintensities symptom mapping (PWMHSM) analysis of structures associated with the G3 overall
summary score. Color bar: z-score analysis of the strength of the association between white matter hyperintensities and the G3 overall summary
score in structures of the Automatic Anatomical Labelling (AAL) and NatbrainLab (CAT) atlases (superior frontal region (mean z = –3.74),
postcentral region (mean z = –3.71), cingulum (mean z = –3.56), cortico-spinal tract (mean z = –3.57), inferior longitudinal fasciculus (mean
z = –3.62), internal capsule (mean z = –3.39), and posterior segment of the arcuate fasciculus (mean z = – 3.41)). R, right; L, left.

center for an exhaustive evaluation and follow-up, in
particular if they required oxygen during the acute
phase.

Furthermore, we found NCD in our population
to be significantly associated with the requirement
for oxygen. A similar association between cognitive
impairment and the severity of respiratory symptoms
has been reported [19]. The mechanism of post-acute
COVID-19 NCD was hypothesized to involve mul-
tiple factors [51–53]: preexisting comorbidities, the
course of hospitalization (delirium), pulmonary dam-
age (hypoxia), vascular damage, and neuronal injury.
Depression, anxiety, and fatigue, which are very com-
mon post-acute COVID-19 symptoms [11, 14, 54],
were not associated with NCD, as in the previous
study [15]. The presence of one or more of these
symptoms should not be considered to indicate the
presence of a cognitive complaint and although these
frequent symptoms need to be managed by a spe-
cialist, a memory consultation is also necessary. In
addition, there was no association with cardiovascu-
lar risk factors or delirium during the acute phase. The
association we found with the requirement for oxygen
does not appear to be related to hypoxic severity, as
we found no association with intubation or noninva-
sive ventilation and systematic cognitive evaluation

is not recommended for other types of hypoxic pneu-
monia. The presence of cognitive complaints is better
explained by acute inflammation [55, 56], which may
also involve the nervous system during the acute and
immediately post-acute phase of the disease [4].

Finely, this study is the first to highlight an associ-
ation between a pattern of WMHs in NCD (expressed
by the G3 overall summary score: the mean of
the z scores for the cognitive domains of action
speed, executive function, and language) in post-
acute COVID-19 patients and cognitive complaints.
The pattern was right sided, showing WMHs in
the superior frontal region, postcentral region, right
cingulum, cortico-spinal tract, inferior longitudinal
fasciculus, internal capsule, and posterior segment of
the arcuate fasciculus. The global WMH volume is
known to be associated with action speed and execu-
tive function [57]. In our study, only the right superior
frontal region was associated with the G3 overall
summary score when we took into account the global
WMH volume. The prominent impairment concerned
action speed. In a previous study on healthy subjects,
Périn et al. [58] localized the region for the phasic
alertness of action speed (evaluated by simple reac-
tion time correlates in a brain activation functional
MRI study) to the right frontal superior region, right
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inferior parietal region, and right anterior cingulate
region. A study evaluating action speed in patients
with focal lesions by the TMT highlighted an asso-
ciation with the right superior frontal region [59].
Additionally the right cingulum is known to con-
trol action speed [60]. The right arcuate fasciculus
was also shown to control action speed in multiple
sclerosis patients [61]. Such action speed has a per-
ceptive and motor component [62], consisting of the
post-central region (primary sensorial somatosensory
region) [63] and the internal capsule and cortico-
spinal tract (motor pathways) [64, 65]. In addition, the
right superior frontal region [66] and the right cingu-
lum [67] are also known to control executive function.
The neural basis of language is left sided [68, 69]. Our
patients were mostly right-handed (91.3%). Never-
theless, the bilateral inferior longitudinal fasciculus
sustains the lexico-semantic process [70] and visual
recognition in naming [69].

Our study had several limitations, including the
small monocentric sample. In addition, we did not
compare our data to that from a group of patients
with COVID-19 without cognitive complaints. How-
ever, the study design included COVID-19 patients
with cognitive complaints but who did not all have
NCD, which made it possible to search for the
source of inter-subject cognitive variability in WMH,
and this design was validated. In addition, concern-
ing the neuropsychological data, the HCs did not
experience COVID-19-related mental health issues.
Furthermore, collecting the neuropsychological data
from the 1,009 HCs during the COVID-19 pandemic
would have been impossible. Another limitation was
the lack of cerebral MRI for a number of patients at
the date of the analysis, as one of the most important
questions was the specificity of WMHs in COVID-
19. WMHs without enhancement have already been
described in COVID-19 [10]. In a separate study, they
were assumed to be related to demyelination resulting
from inflammation and showed no specific pattern of
distribution [71]. Our population had no history of
evolving neurological disease. The WMHs that we
observed may have partially been of vascular origin
[41]. However, the cases of NCD were not associ-
ated with vascular risk factors and the patients had no
history of NCD or cognitive complaints. A previous
study reported a pattern of cortical hypometabolism
in post-acute COVID-19 that was associated with the
Montreal Cognitive Assessment [18]. However, we
did not analyze the grey matter that could have con-
tributed to the NCD in our group of patients. Future
studies with larger samples combining the analysis of

WMHs and grey matter with clinical and MRI follow-
up are required. Overall, our clinical and imaging
results support a role for inflammation in the cog-
nitive complaints in post-acute COVID-19 NCD in
our population.

Our study had several strengths, including
standardized neuropsychological assessment and
validated methods [47, 48] and the automated
PWMHSM analysis of WMHs.

In conclusion, post-acute COVID-19 patients with
cognitive complaints showed NCD, with promi-
nent action slowing, significantly associated with the
requirement for oxygen during the acute phase and a
right-sided pattern of WMHs.
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Meulemans T, Groupe de Réflexion sur l’Evaluation des
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