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Abstract

Background Recent studies have confirmed the presence of cognitive disorders, which may be maintained over the long
term and associated with psychological disorders following COVID-19 infection. The aim of our study was to characterize
long-term cognitive and psychiatric disorders in patients younger than 65 years hospitalized for severe COVID-19 infection.
Methods All patients who were hospitalized between October 2020 and July 2021 for severe COVID-19 infection with a
cognitive complaint according to the QPC questionnaire were selected. They underwent a systematic neuropsychological
evaluation assessing cognitive functions, psychological processes, and quality of life (QOL).

Results The QPC was offered to 293 patients, 129 of whom had a cognitive complaint. A total of 74 (57% men) of these
patients, aged approximately 55 years, had undergone a full neuropsychological evaluation 337.38 +25.11 days after hospital
discharge. Seventy-three percent presented with cognitive disorders, including executive disorders (66%), memory disorders
(31%), language disorders (19%), and other instrumental disorders (12%). Single-domain impairment was found in 54% of
patients, with predominantly “dysexecutive syndrome” (83%) profile. There was no difference between the groups concern-
ing psychological impairment. Patients with a “dysexecutive syndrome” profile reported poorer mental QOL than did the
other patients (p <.05).

Conclusions Cognitive disorders are common after severe COVID-19. The consideration of these factors is essential in the
management of patients with long-term COVID-19, especially considering their impact on patients' QOL. Comprehensive
neuropsychological assessment helps to identify the factors contributing to cognitive complaints to optimize multidisciplinary
management, particularly when not related to cognitive disorders on testing.
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Background

As early as 2020, numerous international scientific articles
reported the possible presence of cognitive disorders in
patients infected with the SARS-CoV-2 virus [1, 2]. The
onset of cognitive complaints is said to be very frequent
in the aftermath of COVID-19 infection, particularly in
patients who have experienced severe infection. In general,
“brain fog” is often described as slowed thinking, difficul-
ties with focused attention, forgetfulness, and a subjective
sense of confusion [3]. Most often, the presence of a cog-
nitive complaint is associated with the presence of cogni-
tive disorders on neuropsychological assessment [3, 4],
particularly executive dysfunction [5]. However, cognitive
complaints do not correlate with the severity of objective
cognitive impairment on neuropsychological assessment
[6], and can persist over time [3, 4, 7, 8].

While some articles testify to the absence of neuropsy-
chological consequences of the SARS-CoV-2 virus [9],
a growing number of studies seem to validate a causal
effect of COVID-19 on the central nervous system, pos-
sibly manifesting as neuropsychiatric disorders, both in the
acute and long-term phases [1, 5, 6, 10, 11]. Studies seem
to consistently show that the development of neuropsycho-
logical disorders after COVID-19 infection is independent
of the severity of the infection, i.e., mild infection requir-
ing no respiratory assistance and hospitalization versus
severe infection with respiratory distress requiring inten-
sive care [10—12]. Although cognitive impairment may
be more pronounced in patients with severe infections
[11, 13], it also seems possible in asymptomatic patients
[5]. The long-term course of cognitive impairment is
again variable; while it tends to persist after onset, it may
increase over time, particularly in patients with moderate
or severe infection, or, conversely, gradually improves in
patients with mild infection [14]. As in other neurological
pathologies [15], functional cognitive disorders could be
present in association with the organic consequences of
COVID-19 infection.

The various exhaustive neuropsychological assess-
ments proposed seem to testify to a high prevalence of
executive and attentional impairment in patients with
COVID-19 infection [1, 5, 10, 16, 17] and, more rarely, of
deficits in episodic memory, language, or visuoconstruc-
tive impairment. It also appears that executive deficits are
significantly correlated with attentional deficits [5], either
because of shared fronto-subcortical circuits or because of
a causal link between attentional deficits and their reper-
cussions on executive functioning.

These cognitive disorders often appear to be associated
with psychiatric disorders, particularly anxiety and depres-
sive disorders, as well as posttraumatic stress disorders
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[8, 18, 19], manic disorders, apathy, dissociative disor-
ders, insomnia, somnolence, or pathological fatigue [6].
While psychiatric symptoms alone may not be the cause
of cognitive impairment in post-COVID-19 patients, they
are known to increase cognitive impairment [10]. Never-
theless, depression [3] may be a risk factor for the devel-
opment of long-term cognitive disorders after COVID-19
infection.

However, through the abundant literature, significant
methodological limitations have been identified in studies
about neuropsychological disorders [20]. Indeed, some stud-
ies have speculated on the consequences of the virus on the
brain, and therefore on neuropsychiatric consequences in
patients, on the basis of transpositions of previous expe-
riences with the SARS-CoV and MERS viruses [21, 22].
Other studies have identified cognitive disorders on the basis
of limited neuropsychological assessments or even screen-
ing tools [16, 23, 24, 26]. There is also great variability in
terms of the severity of infection criteria (hospitalized versus
nonhospitalized patients) or the time of assessment [acute
phase [24, 26, 27], postacute phase-1 month [25, 28-30],
4—6 months posthospitalization [7, 31, 32], and 1-year post-
covid hospitalization [3, 13]].

The aim of our study was to characterize the neuropsy-
chological profile of patients who have had severe COVID-
19 infection by means of an extensive neuropsychologi-
cal assessment at 9 months from hospital discharge. This
assessment was proposed for a relatively young population
to limit the bias of age-related comorbidities in patients
clearly impacted by the repercussions of cognitive disor-
ders on daily life.

Methods
Design

NEUROCOG-COVID is a longitudinal prospective, multi-
center, nonrandomized, and open study (Clinical Research
Program 2021-A00447-34) approved by the ethical com-
mittee and registered on the ClinicalTrials.gov website
(NCT04937582).

The inclusion criteria consisted of being aged between
18 and 65 years and having been hospitalized for more than
72 hours between October 2020 and July 2021 for a defined
COVID-19 infection (positive RT-PCR test and/or typical
chest scanner images). Patients had to be affiliated with
social security regimens. Patients needed to have sufficient
French language understanding to perform neuropsycho-
logical assessments. Patients were recruited from 4 French
university hospitals (Nancy, Besangon, Metz, Limoges), and
they provided written informed consent to participate in the
study.



Journal of Neurology ~ (2025) 272:363

Page3of 15 363

The exclusion criteria consisted of chronic neuro-
logical disorders (neurodegenerative disorders, epilepsy,
and multiple sclerosis) and/or major cognitive disorders
(stroke, brain injury) and/or chronic psychiatric disorders
(bipolar or psychotic disorders) prior to COVID-19 infec-
tion. Patients with a history of addiction or comorbidities
with post-COVID-19 consequent cognitive disorders were
excluded, as were patients who were unable to perform
neuropsychological assessments due to extensive post-
COVID-19 cerebral lesions or moving difficulties.

The medical files of patients hospitalized for severe
COVID-19 infection between October 2020 and July
2021 (Fig. 1) corresponding to the inclusion criteria were
extracted. Each patient on this list was systematically
called by phone to perform a cognitive complaint screen-
ing based on the QPC (Questionnaire de Plainte Cogni-
tive [33]), which is a 10-item questionnaire with yes—no

responses, with a general score >3 corresponding to sig-
nificant cognitive complaints.

Neuropsychological assessment

Patients with post-COVID-19 cognitive complaints (QPC
>3) were proposed to participate in the NEUROCOG-
COVID-19 study and to perform an extensive neuropsycho-
logical assessment with a trained neuropsychologist. This
evaluation consists of an assessment of cognitive functions,
for which the tests were chosen to explore attentional and
executive capacities, while being relatively adapted to their
age and professional condition. The cognitive battery is
composed of the MOCA scale [34], the RLS-15 [35], the
Rey—Osterrieth complex figure (ROCEF, [36]), the coding
task and the digit span from the WAIS-IV [37], tasks of the
TAP battery (working memory, flexibility, and incompat-
ibility; [38]), the verbal fluency task [39] and the shopping

Cognitive screening with the QPC by phone (n=293)

Lost to follow-up (n=217):

A4

Normal QPC score (n=164)
o Declined neuropsychological

»l O

assessment (n=53)

Neuropsychological assessment (n=76)

Lost to follow-up (n=2):

v

A

o Premature study termination (n=1)
o Interruption of neuropsychological
assessment (n=1)

Final analysis (n=74):

o Abnormal neuropsychological results (n=54)
o Normal neuropsychological evaluation (n=20)

Fig.1 CONSORT flow diagram of screening and inclusion of patients for the NEUROCOG-COVID-19 study
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task [40], the denomination task DOS8O0 [41], and the brief
Mahieux-Laurent-apraxia scale [42].

This assessment was supplemented by an evaluation of
several psychological dimensions, assisted by a neuropsy-
chologist. Patients were evaluated for depression [MADRS
[43]], anxiety [Hamilton Anxiety Rating Scale (HARS,
[44]), apathy (LARS, [45]], psychotrauma [PCL-5, [46],
and dissociation (DES, [47]]. Additional questionnaires
have been proposed to investigate quality of life [QOL;
SF-36, [48]], pain [10-point visual-analogical scale, DN4
scale [49]], tiredness [Chalder scale [50], and somnolence
(Epworth scale [51]].

The detailed neuropsychological tests and psychological
questionnaires used are presented in the Appendix.

The presence of a neuropsychological disorder, i.e., per-
formance in a cognitive domain outside the expected norms
for age and socioeducational level, was characterized by the
neuropsychologist by the predominance of at least one of
these cognitive impairments: dysexecutive syndrome (with
failure to perform at least two tests), memory impairment
(with failure in episodic memory performances), language
impairment (with failure to perform language tests),and
another instrumental profile (with failure to perform visuo-
constructive and/or agnosia and/or apraxia tests). Then, with
the help of these neuropsychological data, the neuropsychol-
ogist classified each neuropsychological profile according to
whether it appeared as a “dysexecutive syndrome” profile, a
“memory impairment” profile, a “no predominance profile”
(i.e., more diffuse cognitive abnormalities not being classi-
fied in the previous categories), or a “normal cognition” pro-
file for patients with normal neuropsychological evaluations,
not meeting the criteria for previously described impair-
ments. We sought to determine the factors contributing to
cognitive complaints, the presence of neuropsychological
impairment at assessment, and the presence of dysexecutive
syndrome in our sample.

Statistical analysis

Normally distributed continuous variables are expressed as
the means +/— standard deviations, nonnormally distributed
data are expressed as the medians and interquartile ranges
(median [Q1,Q3]), and categorical variables are expressed as
the frequencies (percentages). The normality of the distribu-
tion was assessed using the Shapiro—Wilk test. The number
of missing values for all measurements was reported.

A statistical description of patients’ characteristics
according to neuropsychological group was performed via
the Chi-square test if assumptions were satisfied or with
Fisher’s exact test for categorical data. For continuous data,
Student’s t test was used if the sample size or normality
assumption was met; otherwise, the Wilcoxon test was used.
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Tests were also adjusted for multiple comparisons according
to the Bonferroni—-Holm correction when appropriate.

Multivariate logistic regression analysis was conducted
to identify factors associated with the presence of cogni-
tive complaints, neuropsychological impairment, and dys-
executive syndrome. Multivariate regression analysis was
conducted to identify factors associated with neuropsycho-
logical impairment. Relevant factors were identified after
univariate analysis with a p value < 15% and were included
in the model.

Statistical analyses were conducted using R 4.3.1 (R Core
Team (2024). R: A Language and Environment for Statis-
tical Computing. R Foundation for Statistical Computing,
Vienna, Austria. <https://www.R-project.org/>.), including
its glmulti library (https://www.jstatsoft.org/article/view/
v034i12). The statistical significance level was set to P <
0.05.

Results
Sample

Two hundred and ninety-three patients were contacted by
phone; 164 had a normal score on the QPC questionnaire and
were excluded. Among the 129 patients who had significant
cognitive complaints on the QPC, 76 agreed to complete
the neuropsychological assessment. These patients were
included in the study (Fig. 1) 337.38 +/— 25.11 days after
hospital discharge for COVID-19 infection. Two patients did
not complete the assessment and were ultimately excluded.

The sample consisted of 74 patients (57% men) who
had undergone a full neuropsychological evaluation 27.5
[17.25-42.75] days after the phone call for the QPC. They
were aged approximately 55 years [50-59.75]. Patients had
a junior (34%, n = 25) or senior (32%, n = 24) high school
education, and 32% (n = 24) had a postgraduate degree. The
scholar level failed for one patient. The complete sample
data are presented in Table 1.

Table 1 Demographic data of the sample (N = 74)

Med(Q1-Q3) P
Age 55(50-59.75) 0.34
N (%)
Men 32 (43) P
Women 42 (57) 0.25
School degree
Junior high school education 25 (34) 0.25
Senior high school education 24 (32)
Postgraduate degree 24 (32)
NA 1(1)
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Cognitive profiles

The detailed neuropsychological profile is shown in Table 2
and Table 3.

Although all included patients presented with an initial
cognitive complaint measured by the QPC one year after
their hospitalization, some of them (n = 20) presented a
“normal cognition” profile. These patients performed within
the expected norms on the proposed neuropsychological
tests and did not meet the criteria for cognitive impairment
as defined in our study.

The other patients (n = 54) presented abnormal cognitive
evaluations. Fifty-four percent (n = 29) of them had single-
domain impairment and were assigned to the “dysexecutive
syndrome” group (83%, n = 24) and, to a lesser extent, to the
“memory impairment” group (17%, n = 5). The remaining
patients (46%, n = 25) had multidomain impairment, the
majority of whom belonged to the “dysexecutive syndrome”
group (60%, n = 15) and a few to the “no predominance”
group (28%, n = 7) or the “memory impairment” group
(12%, n = 3).

The “dysexecutive syndrome” group performed less
well than the “normal cognition” group did in the coding
task (53.74 +/— 17.78 vs. 69.8 +/— 10.28, p <.01) and pro-
vided fewer words in the literal task (18.13 +/— 6.33 vs.
27.55 +/— 5.58; p <.001) and the categorical task (29.64
+/—8.21 vs. 37.25 +/— 8.48; p <.01). Compared with “nor-
mal cognition” patients, “dysexecutive syndrome” patients
presented slower reaction times (1012 ms [850-1255] vs.

718 ms [552.25-881.25], p < 0.001), fewer good answers
(94 [85-98] vs. 98 [96-100], p < 0.01), and more errors (3
[1-7.5] vs. 1 [0-2], p < 0.05) during the flexibility task. The
same was observed for the incompatibility task, with the
“dysexecutive syndrome” patients presenting slower reaction
times (585 ms [535.5-617.75] vs. 493.5 ms [449.5-529.25],
p < 0.01), fewer good answers (56 [51.25-59] vs. 59
[59-60], p < 0.01), and more errors (2.5 [1-7] vs. 1 [0-1],
p < 0.01) than did the “normal cognition” patients. Dur-
ing the working memory task, the “dysexecutive syndrome”
patients also presented slower reaction times (713.97 ms
+/—194.07 vs. 561.3 ms +/— 131.58, p < 0.01), more omis-
sions (3 [2-6] vs. 0.5 [0-2.25], p < 0.01), and more errors
(6 [2.5-7.5] vs. 2 [0-2.25], p < 0.01) than did the “normal
cognition” patients. The “dysexecutive syndrome” patients
appeared slower than the “memory impairment” patients
(1012 ms [850-1255] vs. 681.5 ms [661-778.5], p < 0.05)
during this flexibility task.

Patients in the “dysexecutive syndrome” (27 [25-28], p <
0.001) or “no predominance” (25 [24.5-27.5], p < 0.05)
groups had lower scores on the MOCA test than did “normal
cognition” patients (29 [29, 30]).

The “no predominance” patients appeared slower than
the “normal cognition” patients did during this flexibility
task (1120 ms [941-1356.75] vs. 718 ms [552.25-881.25],
p < 0.05). With respect to nonverbal episodic memory,
spontaneous retrieval performance was significantly
lower in immediate (“no predominance”: 14 [11.5-19] vs.
“normal cognition”: 22.5 [20-26], p < 0.05) and delayed

Table 2 Descriptive data

. Total Normal Memory No predomi- Dysexecutive P
concerning the type ,Of . sample cognition impairment nance (n =  syndrome (n =
neuropsychologlcal impairment N =74 (n = 20) (n=8) 7 39)
present in the total sample
(N=74) and per subgroup Type of impairment, n (%)

No impairment 20 (27) 20 (100) 0@ 0(0) 00 0.0005%%*
Single domain 29 (39) 0@ 5(62) 0(0) 24 (62)
Multiple domain 25 (34) 0(0) 3 (38) 7 (100) 15 (38)

Executive impairment
Absent 5(7) 0(0) 5(62) 0(0) 0 (0) 0.0005%**
Present 49 (66) 0(0) 3(38) 7 (100) 39 (100)

Memory impairment
Absent 31 (42) 0(0) 0(0) 0(0) 31(79) 0.0005**
Present 23 (31) 0 (0) 8 (100) 7 (100) 8(21)

Language impairment
Absent 40 (54) 0 (0) 8 (100) 2 (29) 30 (77) 0.0005%*
Present 14 (19) 0 (0) 0 (0) 5(71) 9(23)

Other instrumental impairment
Absent 45 (61) 0 (0) 6 (75) 5(71) 34 (87) 0.0005**
Present 9(12) 0(0) 2 (25) 2(29) 5(13)

“Identifies significant differences with p < 0.05

““Identifies significant differences with p < 0.001
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Table 3 Neuropsychological performance of the total sample (N=74) and each subgroup

Tests scores Total sample, Normal cognition Memory impair- No predomi- Dysexecutive P P bonferroni
(med, Q1,Q3or N=74 (n=20) ment (n = 8) nance (n =7) syndrome (n = correction
med/SD) 39)
MOCA 27 (25-29) 29 (29-30)*° 27(25.75,28.5) 25(24.5,27.5 27 (25,28)° 0.00043  ?0.011*
£0.001**
RLS-15 MR 10.3 (943, 11) 11.1 (10.3, 9 (8.47,9.9* 9.6 (7.9,9.85°  10.3(9.4,10.8)° 9,00E-05 20.002*
11.95)2b¢ 50.009*
€0.027*
RLS-15LC 55.84 +16.91 66.95 + 16.4*° 42.41 +11.98*  39.96 + 14.8° 55.75 + 14.29 5,00E-05 ?0.005%*
£0.009*
RLS-15 DR 12 (10, 13) 12.5 (12, 15)*° 10 (8, 11.25)* 9 (7.5,10.5) 12 (10, 13) 0.00037  %0.012*
©0.003*
ROCF IR 20 (17, 23.75) 22.5 (20, 26)* 15(11.25,23.5) 14 (11.5,19)* 20 (17.5, 23) 0.01816  20.042*
ROCF DR 20 (16, 23) 23 (18.75,24.5)* 15.5(11.25, 15 (13, 19)* 20 (17.5, 23) 0.02136  ?0.046*
22.25)
ROCEF copy 34 (32, 35.75) 35 (34, 36) 33 (31, 33.5) 32(30.5, 33) 34 (32, 36) 0.03133 ns
Code WAIS-IV ~ 59.55 + 18.89 69.8 + 10.28* 61.62 + 12.63 60.29 + 35.25 53.74 + 17.78* 0.01832  %0.002*
TAP Flexibility 902 (722, 1076) 718 (552.25, 681.5 (661, 1120 (941, 1012 (850, 1,00E-04 ?0.020*
RT med 881.25)b 778.5)° 1356.75) 1255)b¢ 50.001 #*
€0.043*
TAP Flexibility 257 (203, 368) 188.5 (137, 200.5 (190.25, 398.5 (273.5, 327 (244,436.5)° < 1le-05 20.016*
RT SD 218.75)*° 280.75) 558.75)° ©<0.001*#*
TAP Flexibility 96 (89, 98) 98 (96, 100)* 98 (96, 98.5) 77 (67.25,94.25) 94 (85, 98)* 0.00317  #0.009*
CA
TAP Flexibility 2 (1, 6) 1(0,2)* 1(0.75,2) 11.5(2.75,16.5) 3(1,7.5)? 0.00432  ?0.014*
Errors
TAP Incompat- 541 (487.75, 493.5 (449.5, 455.5 (419.75, 550.5 (538, 566) 559 (535.5, 0.00113  ?0.002*
ibility 590) 529.25)* 522.5) 617.75)*
RT med
TAP Incompat- 112.5 (83.75, 81.5 (72.75, 83.5 (72, 112.5)° 139 (97, 180.25) 147 (114.25, <1le-05 *<0.001%**
ibility RT SD 172.5) 102.75) 191)»° ©0.052
TAP Incompat- 58 (54.75, 59) 59 (59, 60)* 58 (49, 59) 58.5(57.25,59) 56 (51.25,59)* 0.00181  ?0.001%*
ibility CA
TAP Incompat- 1(1,4) 1(0, 1)* 1.5(1,2.5) 1(1,2.5) 25(,7)* 0.00593  %0.005*
ibility Errors
TAP Working 644.08 + 171.31 561.3 + 131.58*  592.5 + 82.51 627.67 + 110 713.97 + 194.07* 0.01097  ?0.003*
memory RT
med
TAP Working 3(L,5) 0.5 (0, 2.25)* 2.5(1,3.25) 4(3,8) 3(2,6)° 0.00524  %0.008*
memory omis-
sions
TAP Working 3(1,6) 2 (0,2.25)* 3(2.5,5.75) 3(1.5,4.5) 6 (2.5,7.5)* 0.00585  #0.005*
memory errors
Literal fluency 21.31+7.22 27.55 + 5.58* 22.25 +5.55 20.14 + 6.84 18.13 + 6.33* < le-05 *<0.001%*
Categorical flu-  31.68 + 8.76 37.25 + 8.48* 31.12 +4.52 27.71 + 10.31 29.64 + 8.21* 0.00652  ?0.008*
ency
ROCEF copy dura- 172.5 (127,214) 144 (122.75, 134 (103, 183 (145.5,202) 190 (135.5,244) ns
tion 210) 155.75)
TAP Working ~ 220.94 A+ 92.14 190.85 A+ 91.71 221.38 A+ 83.28 189.67 A+98.01 246.29 A+90.01 ns
memory RT SD
Shopping task 6.08 (4.44,8.03) 6.2(5.36,7.48) 4 (3.18,7.25) 4.7 (4.4,5.22) 6.18 (4.5,9.21) ns
duration

“Identifies significant differences with p < 0.05

““Identifies significant differences with p < 0.001

Bold values to highlight their statistical significance
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recall (“no predominance”: 15 [13-19] vs. “normal cog-
nition”: 23 [18.75-24.5], p < 0.05) for patients in the"no
predominance"group than for those in the “normal cogni-
tion” group.

With respect to verbal episodic memory, the mean
retrieval capacity during the learning phase of the RLS-
15 was significantly lower for patients in the"no pre-
dominance"(9.6 [7.9-9.85], p < 0.01),"dysexecutive
syndrome"(10.3 [9.4-10.8], p < 0.05), and"memory impair-
ment"(9 [8.47-9.9], p < 0.01) groups than for patients in
the normal (11.1 [10.3—11.95]) neuropsychological workup.
The learning index and delayed recall scores were signifi-
cantly lower for patients in the"no predominance"(learning
index: 39.96+/— 14.8, p < 0.01; delayed recall: 9 [7.5-10.5],
p < 0.01) and"memory impairment"(learning index:
42.414/-11.98, p < 0.01; delayed recall: 10 [8-11.25], p <
0.05) groups than for those with a normal (learning index:
66.95+/— 16.4; delayed recall: 12.5 [12—-15]) assessment.

No other significant differences between groups were
observed concerning episodic memory or executive and
instrumental functions.

Mood, psychological dimensions, and quality of life

The results of the psychological, psychiatric, and QOL
scales are shown in Table 4.

No significant differences were detected between the four
groups or between patients with and without abnormal neu-
ropsychological performance in the dimensions of depression

(MADRS), anxiety (HARS), apathy (LARS), psychotrauma
(PCL-5), dissociation symptoms (DES), neuropathic pain
(DN-4), fatigue (Chalder), or somnolence (Epworth).

No significant differences were observed for these vari-
ables when patients with and without cognitive disorders
were compared (data presented in the appendix, Table 9).
However, when focusing on scale scores, some patients had
scores that reflects a particular psychiatric symptomatology.
In fact, 51% of our sample showed depressive symptoms
according to the MADRS, mainly indicating mild depres-
sion (32%), to a lesser extent moderate depression (16%)
and very rarely severe depression (3%). More than half of
the patients in the sample (78%) had anxiety according to
the HARS, mainly mild anxiety (39%) and, less frequently,
major anxiety (39%).

While most of the samples did not show apathy accord-
ing to the LARS, 14% of the samples tended toward apathy.
Some others reported moderate (5%) or severe (7%) apathy,
and these patients were in the group with cognitive disorders.

Moreover, 12% of patients had an abnormal score on the
DES dissociation scale, the majority of whom belonged
to the group with cognitive disorders (15%) compared to
patients without cognitive disorders (5%). Concerning psy-
chotrauma, 20% of the sample presented scores indicating
PTSD on the PCL-5; 15% of the patients with PTSD were
from the group with no cognitive disorders, and 22% were
from the group with cognitive disorders.

Thirty-four percent of patients had neuropathic pain
(DN4), mainly in the cognitive impairment group (41%),
compared with the noncognitive impairment group (15%).

Table 4 Psychological, psychiatric, and quality-of-life scores for the total sample (N = 74) and for each subgroup

Tests scores Total sample Normal cognition Memory impair-  No predominance Dysexecutive syn- P P bonfer-
(med, Q1, Q3 or N=74 (n=20) ment (n = 8) n="17) drome (n = 39) roni cor-
med/SD) rection
MADRS 7(4.25,15) 6.5 (4,10.25) 55,9 5@, 14) 10 (5, 18.5) ns
HARS 10 (6, 21.75) 9.5(5.75,13.75)  5.5(4.75,7.25) 11 (9.5, 24.5) 15 (7, 24.5) ns
LARS —-29(-33,-21) -—28(-34, —29.5 (- 32, —31(-325, —28.5(—32.75 ns
—22.75) -27) -19) - 18)
PCL-5 12 (7.5, 28.5) 10.5 (5, 17.25) 11.5(9.5,13.25) 18(11,19) 16 (8, 36) ns
DES total 6.64 (3.92,15.71) 6.24(4.08,9.99) 536 (3.81,8.39) 6.61(5,10.4) 8.75(3.39,17.5) ns
DN-4 2(0,5) 1(0,2.5) 0.5 (0, 5.25) 5(1,6.75) 2(0,5) ns
Chalder 18.44 + 6.3 17.95 + 6.88 17 £ 6.55 20.86 +5.43 18.56 + 6.21 ns
Epworth 8(4.5,11) 7 (4,11.25) 6 (5,7.75) 9(7.5,10) 9(4.75, 12) ns
SF-36 physical 52.3 (32.16, 67.81 (47.13, 76 (73.79, 84.16)  52.92 (28, 64.06) 45.11 (20.73, 0.04554 ns
77.35) 80.78) 69.84)
SF-36 mental 61.35 (34.58, 72.12 (49.89, 80.61 (69.83, 43.46 (27.56, 46.45 (21.82, 0.00463 %0.049*
77.42) 78.35)% 82.47)° 62.52) 67.45)%" ®0.048*

“Identifies significant differences with p < 0.05

““Identifies significant differences with p < 0.001

Bold values to highlight their statistical significance
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Approximately 65% of the total sample had pathologi-
cal fatigue (Chalder), with no difference according to the
presence or absence of cognitive disorders. Eight percent of
the patients presented with signs of excessive drowsiness,
whereas 38% of the patients presented with sleep deficit,
again with no differentiation according to the presence or
absence of cognitive disorders.

Mental QOL (SF36) was lower in patients with cogni-
tive disorders (47.83 (26.88, 75.25)) than in patients with
no cognitive disorders (72.12 (49.89, 78.35); p = 0.039).

The mental aspects of QOL were significantly lower for the
“dysexecutive syndrome” group (46.45 [21.82—-67.45]) than
for the “memory impairment” (80.61 [69.83; p < 0.05]) or
“normal cognition” (72.12 [49.89-78.35; p < 0.05]) groups.

No significant difference between groups was observed
for the physical dimension of QOL (SF-36).

Table 5 Neuropsychological

Cognitive complaint (QPC score
and demographic factors ity P Q )

contributing to the presence of Coefficients Estimate Std. error t value Pr(>Itl)

a cognitive complaint in post-

COVID-19 patients (Intercept) 2.980152 2.868446 1.039 0.3033
MOCA score —0.047744 0.092009 -0.519 0.6059
Flexibility task (RT) 0.004508 0.001896 2.377 0.0209 *
Fatigue scale score (Chalder) 0.098802 0.039873 2.478 0.0163 *
Neuropathic pain (DN-4) 0.226259 0.095773 2.362 0.0217 *
Dissociative score (DES) 0.013459 0.018312 0.735 0.4654

*Identifies significant differences with p < 0.05

“Identifies significant differences with p < 0.001

Table 6 Neuropsychological and demographic factors contributing to the presence of neuropsychological disorders in post-COVID-19 patients

Neuropsychological disorder

Coefficients

Estimate Std. Error z value Pr(>lzl) OR 2.5% 97.5%
(Intercept) 28.50182 12.67569 2.249 0.0245* 2.388815e+12 33520.37 5.172296e+33
MOCA score —0.49818 0.36333 - 1.371 0.1703 6.100000e-01 0.26 1.150000e+00
RLS-15 learning index —0.09413 0.04456 -2.113 0.0346* 9.100000e-01 0.82 9.800000e-01
Incompatibility task (RT) 0.05987 0.02395 2.499 0.0124* 1.060000e+00 1.02 1.130000e+00
Incompatibility task (errors) —0.16328 0.16442 —0.993 0.3207 8.500000e-01 NA 1.040000e+00
Literal fluency —0.19403 0.10392 —1.867 0.0619 8.200000e-01 0.65 9.900000e-01

“Identifies significant differences with p < 0.05
““Identifies significant differences with p < 0.001

Table 7 Neuropsychological and demographic factors contributing to the presence of a dysexecutive syndrome in post-COVID-19 patient

Dysexecutive syndrome

Coefficients

Estimate Std. Error z value Pr(>lzl) or 2.5% 97.5%
(Intercept) 42.86904 17.27180 2.482 0.01306* 4.147492e+18 4103792.70 8.00245e+36
MOCA score — 1.41335 0.54850 —-2.577 0.00997** 2.400000e-01 0.06 5.90000e-01
Incompatibility task (RT) 0.12737 0.04455 2.859 0.00425%* 1.140000e+00 1.06 1.27000e+00
Anxiety score (HARS) —0.32944 0.16824 —1.958 0.05021 7.200000e-01 0.46 9.30000e-01
Physical QOL (SF-36) —0.02050 0.02712 - 0.756 0.44954 9.800000e-01 0.93 1.04000e+00
Mental QOL (SF-36) —0.13623 0.06158 —-2212 0.02694* 8.700000e-01 0.75 9.60000e-01

“Identifies significant differences with p < 0.05
““Identifies significant differences with p < 0.001

@ Springer



Journal of Neurology ~ (2025) 272:363

Page9of 15 363

Demographic, cognitive, and psychiatric
interactions

Data concerning regression analysis over cognitive com-
plaints, neuropsychological impairment, and dysexecu-
tive profiles are presented in Table 5, Table 6, and Table 7,
respectively.

With respect to cognitive complaints, the factors con-
tributing to the presence of a cognitive complaint were the
MOCA test score, the reaction time at the flexibility task
(TAP), the fatigue scale score (Chalder), the score on the
neuropathic pain scale (DN-4 scale), and the score on the
dissociation scale (DES).

The presence of neuropsychological impairment at
assessment seemed to be linked to the total score on the
MOCA test, the learning index on the verbal episodic
memory test (RLS-15), errors and reaction times on the
interference management test (incompatibility task TAP),
and literal fluency (number of correct responses).

The presence of a dysexecutive syndrome on neuropsy-
chological assessment was related to the total score on the
MOCA test, the response times on the interference man-
agement test (incompatibility task TAP), the score on the
anxiety scale (HARS), and the mental and physical QOL
scores (SF-36).

Consequences of COVID-19 on professional activity
Data concerning the consequences of COVID-19 infec-

tion on the professional activity are presented in Table 8.

Table 8 Consequences of COVID-19 on the professional activity of
the sample (N =74)

Work stoppage duration Med (Q1-Q3) P
69.5 (31-168.5) 0.06
N (%) P
Impact of COVID-19 on profes- 53(72) 1
sional activity
Yes
No 14 (19)
NA 709)
Work stoppage 0.81
Yes 50 (68)
No 34
NA 21 (28)
Work stoppage duration 0.47
3 months 29 (39)
3—6 months 8(11)
>6 months 11 (15)
NA 26 (35)

A majority of the patients had an impact of COVID-19 on
their professional activity (72%), with work stoppage in
particular (68%). The median duration of work stoppage
was 69.5 days [31-168.5]. In detail, 39% of patients were
off work for 3 months, 11% for 3 to 6 months, and 15%
for more than 6 months. There was no significant differ-
ence concerning the prescription of work stoppage and its
duration, between the patients with or without cognitive
disorders.

Discussion

The aim of this study was to characterize the cognitive
and psychological profiles of patients who presented with
a cognitive complaint one year after hospitalization for
severe COVID-19 infection through extended neuropsy-
chological and psychological evaluations.

First, whereas all included patients presented a cog-
nitive complaint measured at the QPC, approximately
27% of our sample presented normal performance at the
extended neuropsychological evaluation. They therefore
presented a contrast between a high level of complaints
and an absence of cognitive disorders measured with
neuropsychological tests. It seems possible, however,
that more than these 27% patients did not have cognitive
complaints following COVID-19 infection, if we take into
account the fact that 57% of patients contacted did not
wish to benefit from a full neuropsychological evaluation.
Indeed, it is possible that at least some of these patients
had no cognitive complaints and no neuropsychological
post-COVID-19 repercussions, as it is possible that some
of them did not want to take part, because they were not
feeling well, or did not want to be involved in more hospi-
tal protocols at this particular time.

As described in the literature [6], cognitive complaints
did not appear to be automatically correlated with the pres-
ence of cognitive disorders in post-COVID-19 patients.
Interestingly, in our sample, the contributing factors to
cognitive complaints were multidimensional, with neu-
ropsychiatric (dissociation, neuropathic pain, and fatigue)
and neurocognitive (general cognitive level and flexibility
difficulties) dimensions. On the one hand, in some patients,
cognitive complaints may be more closely related to other
explanatory factors, such as the presence of psychiatric
disorders (anxiety-depressive disorders, posttraumatic
stress disorders,...), disabling fatigue, sleep disorders or
pain [3, 4, 8], or even functional cognitive disorders [15].
We observed that, in our sample, even if no difference
was observed when patients with and without cognitive
disorders were compared, patients with cognitive disorders
tended to present more frequently apathy, neuropathic pain
or dissociative symptoms and more generally, a certain
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percentage of our sample presented anxiodepressive symp-
tomatology, pathological fatigue, and drowsiness.

On the other hand, it is possible that a particularly high
socioeducational level may have an impact on the interpre-
tation of neuropsychological results, as the proposed tests
may have restricted sensitivities in this specific case. The
patients'performance was within the expected norms for
their age and socioeducational level, but we were unable
to compare their performance with that of their premorbid
condition. This is all the more true given that, in the group
without cognitive disorders, there is a high representa-
tion of high socioeducational levels compared with lower
levels, and these patients tend to be more confronted with
subtle changes in cognitive performance compared with
their premorbid level, which hinders them in their daily
and sometimes professional activities but cannot always
be measured via psychometric tests. Even if the neuropsy-
chological evaluation reveals no objectified disorders, the
presence of a cognitive complaint calls for neurological
and neuropsychological follow-up, on the one hand, and
therapeutic education, on the other hand, to enable the
patient to better understand the perceived subjective dif-
ficulties and find adjustments to cope with them. This is
particularly important, as we observed that mental QOL
is clearly impaired in patients with cognitive disorders,
specifically those with dysexecutive syndrome.

Second, a majority of patients in our sample, i.e., 73%,
presented with cognitive disorders, confirming the presence
of post-COVID-19 neuropsychological disorders. Interest-
ingly, the frequency and duration of work stoppages related
to COVID-19 infection did not differ according to the pres-
ence or absence of cognitive impairment. To detect cog-
nitive disorders associated with cognitive complaints, the
use of the MOCA initially seems interesting, as it offers
the possibility to discriminate patients with and without
cognitive impairment and to distinguish patients with dys-
executive disorders from those with more diffuse cognitive
profiles or with predominant memory profiles. Among these
patients with neuropsychological abnormalities, the larg-
est proportion were affiliated with the dysexecutive profile
group, which is consistent with the literature [1, 5, 6, 10, 16,
17]. Indeed, although the ratio of single- versus multiple-
domain impairments (i.e., affecting respectively one versus
several cognitive domains) was reversed compared with
that reported by Garcia-Sanchez [5] (single-domain 39,7%;
multiple-domain 60,3%), since the sample contained more
single- than multiple-domain profiles, the core of the disor-
ders lies in executive functions. Whereas Garcia-Sanchez
[5] identified attentional disorders as central to both types
of profiles and executive impairment associated only with
other impairments in the multiple-domain profile, the pre-
sent cohort specifically identified executive disorders as
transversal to both profiles. Studies seem to agree on the

@ Springer

existence of different neuropsychological phenotypes [5, 6,
11, 14], which is certainly linked to the multifactorial nature
of COVID-19 infection and its management [12].

These patients presented with dysexecutive syndrome,
characterized by impaired performance in various processes,
such as flexibility, interference resistance, updating in work-
ing memory, verbal initiation, and processing speed. These
dysexecutive difficulties seem to impact retrieval in verbal
episodic memory, specifically during the learning phase of
the task. Indeed, executive functions imply strategic pro-
cesses implicated in learning, as they are more generally
implicated in the control of other cognitive processes [5].
They also presented particularly impaired mental QOL in
comparison to patients with a memory profile or with no
cognitive disorders. This could have led us to believe that
dysexecutive disorders in this population have an impact on
QOL due to the particular status of executive processes in
general cognition and the major functional impact of dys-
executive disorders. However, these patients did not present
other episodic memory or instrumental disorders. Regres-
sion analysis confirmed that the main factors contributing
to the dysexecutive profile were general cognitive level,
interference resistance, anxiety score, and QOL, which is
consistent with that discussed previously.

Interestingly, as dysexecutive disorders appear through
computerized tasks with response times as well as errors and
omission records, a more ecological task for planning, i.e.,
the shopping task, was not impaired in these patients. More-
over, classical tasks for short-term and working memory,
i.e., forward and backward spans, were not impaired. One
hypothesis is that these tasks are nonspecific and may not be
difficult enough to measure post-COVID-19 patients’ cogni-
tive difficulties, particularly in adults still of working age.
This highlights the necessity, for some of these patients with
higher educational levels, to use selected tests for increased
sensitivity to detect subtle dysexecutive disorders, as sug-
gested by Daroische et al. [20] for neuropsychological diag-
nosis as well as rehabilitation management [12].

Third, it appears interesting to note that patients, regard-
less of whether they presented a cognitive impairment
related to their initial cognitive complaints, did not present
differences in manifestations of psychiatric disorders, pain,
fatigue, or somnolence. Similarly, no differences between
groups were observed in these dimensions. This population,
with cognitive complaints and objectivized or non-objectiv-
ized neuropsychological disorders after severe COVID-19
infection, seemed to present, to some extent, a preserved
psychiatric profile, whereas some of the patients presented
anxiodepressive symptoms, a minority of whom had major
depression. Patients with cognitive disorders tended to pre-
sent more dissociative symptoms, apathy, and neuropathic
pain, but this was not the case for the whole sample. This
is relatively contradictory to many data in the literature [3,
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Table 9 Psychological, psychiatric, and quality-of-life scores for the total sample (N =74) and for the subgroups of patients with and without

cognitive disorders

Tests Scores classification Total sample Patients without cognitive Patients with cognitive P

[n(%) or med(Q1, Q3)] N=74 disorder disorders
N=20 N=54

MADRS Mild depression 24 (32) 7(35) 17 (31) 1
Moderate depression 12 (16) 3 (15) 9(17)
Severe depression 2(3) 0(0) 24
Normal score 36 (49) 10 (50) 26 (48)

HARS Major anxiety 29 (39) 505 24 (44) 0.37
Minor anxiety 29 (39) 10 (50) 19 (35)
Normal score 16 (22) 5(25) 11 (20)

LARS Moderate apathy 4(5) 00 4(7) 0.39
Severe apathy 507 00 50)
No apathy 54 (73) 16 (80) 38 (70)
Tendency toward apathy 10 (14) 4 (20) 6(11)
NA 1(1) 0(0) 1(2)

PCL-5 Normal 56 (76) 17 (85) 39 (72) 0.51
PTSD 15 (20) 3(15) 12 (22)
NA 34) 0(0) 3(6)

DES Dissociation 9(12) 1(5) 8 (15) 0.21
No dissociation 60 (81) 19 (95) 41 (76)
NA 5(7) 0(0) 509

DN-4 Negative 44 (59) 16 (80) 28 (52) 0.07
Positive 25 (34) 3(15) 22 (41)
NA 5(7) 1(5) 4(7)

Chalder Abnormal 48 (65) 13 (65) 35 (65) 1
Normal 22 (30) 6 (30) 16 (30)
NA 4(5) 1(5) 3(6)

Epworth No sleep deficit 37 (50) 11 (55) 26 (48) 0.77
Sleep deficit 28 (38) 7(35) 21 (39)
Signs of excessive somnolence 6 (8) 2 (10) 4 (7)
NA 34 0(0) 3(6)

SF-36 Physical QOL 52.3 (32.16, 77.35) 67.81 (47.13, 80.78) 46.95 (25.47,74.06) 0.07
Mental QOL 61.35 (34.58,77.42) 72.12 (49.89, 78.35) 47.83 (26.88, 75.25) 0.04*

*Identifies significant differences with p< 0.05

4, 6, 8] and to our perception, as we wrote the present pro-
ject. Indeed, the first patients who we took on during April
2020 in the neurological department presented with cog-
nitive disorders, i.e., dysexecutive profiles associated with
anxiodepressive symptomatology, and in some cases, psy-
chotraumatic symptomatology associated with respiratory
symptoms, fear of dying, and the highly anxiety-provoking
context of this first wave of the epidemic in the country. We
can thus postulate that cognitive complaints, especially in
the case of a normal neuropsychological evaluation, can-
not be explained solely by underlying psychiatric disorders,
as suggested previously. Our study population is, however,
very specific, with severe initial COVID-19 infection, older
than the long COVID-19 population in which many special-
ized centers are currently in follow-up, with mostly young

and female populations and nonsevere initial infection but
important cognitive complaints.

Finally, consistent with the previous findings, the main
factors contributing to cognitive disorders in post-COVID-19
patients were executive dysfunctions (verbal initiation and
interference resistance), which are associated with general
cognition, and learning ability in verbal episodic memory. The
general profile of our sample with cognitive disorders seems
to be quite similar to the “neurological” profile rather than
the “psychiatric” profile described by Voruz et al. [6]. In fact,
they were comparable in several respects, such as their age,
educational level, and type of cognitive disorders observed,
especially dysexecutive, memory, and language disorders.

These data are very important, as they confirm the per-
sistence of cognitive complaints over time, 9 months after
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hospital discharge post-COVID-19 patients, and that cogni-
tive disorders are frequent and predominantly based on dys-
executive disorders. However, these data also raise the ques-
tion of the factor(s) inducing cognitive disorders in some but
not all patients, particularly risk factors for specific medical
antecedents and the severity of COVID-19 infection.

This work has several limitations and highlights. The
limitations of the study include the size of the sample,
particularly with low affiliation with certain subgroups.
Although a high proportion of patients presented with cogni-
tive complaints, many did not wish to undergo the proposed
neuropsychological assessment and neurological follow-up.
The lack of psychological measure during screening phase,
as these factors may be involved in cognitive complaints.
Perhaps, the 1-year follow-up initially proposed is too short,
considering that we are now around 4 years after the start of
the pandemic. The highlights of the study are its methodol-
ogy, its prospective nature, and the presence of an extensive
and specific cognitive and psychiatric assessment proposed
one year after COVID-19 hospitalization in patients with
cognitive complaints.

Conclusion

Taking cognitive complaints into account is essential in
the management of long-term COVID-19 syndrome. Neu-
ropsychological evaluation could lead to the identification
of objective cognitive disorders, particularly dysexecutive
symptoms. In some cases, even in the case of normal cogni-
tive performance, neuropsychological evaluation could help
identify factors contributing to cognitive complaints and
thus optimize the multidisciplinary management of patients.

Appendix
Measurements

Cognitive assessment targeting a younger patient population
was considered extensive, with evaluation of general cog-
nition, episodic memory, executive functions, instrumental
functions, and autonomy. General cognition was measured
with the MOCA scale [34], a 30-point composite scale with
a total score < 26 indicating a possible cognitive deficit in
adult patients.

Patient autonomy was evaluated with a 4-point IADL
scale (Instrumental Activities of Daily Living; [52]), which
assesses the ability to use a phone, to use means of transport,
and to manage finances and medical treatments.

Episodic memory was evaluated in verbal and nonverbal
conditions. Verbal episodic memory was assessed with the
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RLS-15 (35), a 15-item list that had to be learned over ten
trials; the patients attempted to recall as many words as pos-
sible during each trial, and the neuropsychologist recalled
only the words that had been forgotten from one trial to the
next. The patient was required to recall the 15 words dur-
ing a 20-min delay and, if not successfully, to recognize the
15 words among the distractors. Pathological performance
was identified by comparing the patients’ scores to norms
for age and educational level, for the mean recall (MR), the
learning-consistency (LC) score, and the delayed-recall
(DR) score.

Episodic nonverbal memory was assessed with the
Rey—Osterrieth complex figure (ROCF; 36). The patient first
had to copy the geometric figure without being informed
that it constituted a memory test. The copy time and strategy
were noted. Then, the patient had to recall the geometric
figure after 3- and 30-min delays. A recognition task was
proposed after delayed recall. Once again, performances
were compared to norms for age and educational level.

Short-term memory was investigated with the verbal
direct span from the WAIS-IV (37). Working memory was
tested with the verbal indirect span from the WAIS-IV (37),
and updating was tested with the working memory task of
the TAP battery (38). The patient saw a number flashing up
on the screen and had to answer as fast as possible when
the item on the screen matched the one that appeared two
items previously. The reaction time, errors, and omissions
were recorded.

Concerning executive functions, processing speed was
evaluated with the coding task from the WAIS-IV (37),
in which the patient had to code as many items as pos-
sible. The flexibility task from the TAP battery (38) was
proposed to test flexibility: the patient saw a letter and a
number simultaneously and had to answer as fast as pos-
sible by alternating letters and numbers. The reaction time,
errors, and omissions were recorded. Interference resist-
ance was evaluated with the incompatibility task of the
TAP battery (38): arrows appeared to the left or right of
the screen, and the patient had to answer as fast as possible
concerning the direction of the arrow (and not the side
of the screen); reaction time, errors, and omissions were
recorded. Item generation was tested by a verbal fluency
task (39), in which patients had to generate as many words
as possible starting with the letter “p” in 2 min; correct
answers and errors were registered. Planning was evalu-
ated by an ecological shopping task (40), in which patients
had to organize the order of realization of 11 tasks, with
geographical, time, duration, and weight constraints; the
number of errors and duration of realization of the task
were recorded.

Instrumental functions were evaluated for language, vis-
ual agnosia, constructive abilities, and apraxia. Concerning
language, a denomination task (DOS80 (41)) of 80 pictures
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was proposed, and the number of correct and incorrect
answers was recorded. A phonological fluency task (39), in
which as many names of animals as possible had to be given
in 2 min by the patients, was proposed, and correct answers
and errors were registered. Visual agnosia was evaluated
with the help of the denomination task DO80 (41), and visu-
oconstructive abilities were evaluated with a copy of the Rey
geometric complex figure. Apraxia was evaluated with the
brief Mahieux-Laurent scale (42), which involves evaluating
symbolic gestures, action mimes, and abstract gestures on 5,
10, and 8 points, respectively.

For the psychological dimensions, patients were
assessed for depression by the Montgommery and Asberg
Depression Rating Scale [MADRS (43)], with a cut-off
score of 15 indicating depression; and ii. anxiety accord-
ing to the Hamilton Anxiety Rating Scale [HARS (44)],
with a score between 6 and 14 indicating minor anxiety
and a score over 15 indicating major anxiety; and iii. apa-
thy according to the Lille Apathy Rating Scale [LARS
(45)], with scores indicating an absence of apathy (scores
between — 36 and — 22), an apathy tendency (scores
between -21 and — 17), moderate apathy (scores between
— 16 and — 10), and severe apathy (scores between — 9
and + 36). Psychotrauma was evaluated with the Post-
traumatic Stress Disorder Checklist for DSM-5 [PCL-5
(46)], a 20-item self-questionnaire with responses rated
on a 5-point Likert scale (0 not at all, 4 extremely), with
a total score of 80 points, with a score >33 indicating
the presence of psychotrauma. Dissociation was evalu-
ated with the Dissociative Experience Questionnaire [DES
(47)], a 28-item self-rated questionnaire in which each
item is rated between 0 and 100%, with a total score >25
indicating a greater probability of dissociative disorder.

Additional questionnaires have been proposed to evaluate
QOL, pain, somnolence, and tiredness. QOL was evaluated
with the 36-item Short Form Survey (SF-36, 48), which
distinguishes physical and mental QOL, with dimensional
scores between 0 and 100 and higher scores indicating better
QOL. Pain was evaluated with a 10-point visual-analogical
scale at different moments and situations during the pre-
vious 24 h, and neuropathic pain was evaluated with the
DN4 scale (49), a 4-item scale with 10 items rated as yes or
no, a total score of 10, and a score >4 indicating the pres-
ence of neuropathic pain. Tiredness was evaluated with the
Chalder scale (50), an 11-item self-rated questionnaire; each
item is rated from O to 3, and a total score > 11/33 indicates
pathological tiredness. Somnolence was evaluated with the
Epworth scale (51), an 8-item self-rated scale. Each item is
rated from O to 3, corresponding to the probability of falling
asleep in different situations. The total score is 24; a score
between 9 and 14 corresponds to a lack of sleep, and a score
> 15 corresponds to excessive somnolence.

Mood, psychological dimensions,
and quality of life
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