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ABSTRACT

This observational cohort study explored objective
neurocognitive deficits in COVID-19 patients five months
after discharge, and any associations with demographic
factors and disease severity indicators. Medical notes of all
COVID-19 patients admitted to hospital in Region
Ostergétland, Sweden, March-May 2020, were reviewed.
After applying exclusion criteria, 433 patients were screened
by telephone. Of these, 185 patients reported persistent
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and concerning post-COVID-19 problems, including but not
restricted to cognitive functions, and were invited to a
clinical evaluation. The Repeatable Battery for Assessment of
Neuropsychological Status (RBANS) and Colour-Word
Interference Test (CWIT) were used to assess immediate
memory, visuo-spatial function, language, attention, delayed
memory, and executive function. A total of 133 patients had
valid test performances. Mean RBANS Global Cognition
Score was 83.4, with 37% scoring below cut-off (1.5 SD).
Deficits in Attention and Memory indices were most
common, each affecting approximately 30% of the patients.
After adjustment for sex, language, level of education and
premorbid function, neurocognitive performance was
positively associated with length of hospital stay, but not
with the disease severity indicators WHO CPS and CRP.
Findings support that comprehensive neuropsychological
assessment should be performed when patients report
post-COVID-19 symptoms that affect daily life.
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Introduction

Neurocognitive deficits after hospitalization for COVID-19 (SARS-CoV-2) become
evident at an early stage. Many reports have presented clinical experiences, sub-
jective self-reports or brief screening tests (Alnefeesi et al., 2021; Ceban et al.,
2022; Daroische et al,, 2021; Mazza et al., 2021; Rogers et al., 2021; Varatharaj
et al., 2020). However, objective evidence about long-term neurocognitive
deficits deriving from comprehensive test batteries administered in person by
clinical neuropsychologists is still sparse. The present study aims to contribute
to this knowledge. This study is part of Linkdping COVID-19 Study (LinCoS), a
population-based cohort study including all patients admitted to hospital
during the first wave of the pandemic. So far, LinCoS has evaluated clinical pre-
sentations four to five months after discharge through telephone screening
(Divanoglou et al., 2021), clinical tests and evaluations (Wahlgren et al., 2022),
including neuro-visual symptoms (Johansson et al., 2022) and brain MRI (Hellg-
ren et al., 2021).

The pathophysiology underlying neurocognitive deficits following COVID-19
has gained increasing attention. Putative mechanisms include direct viral infec-
tion of the central nervous system (CNS), neuroinflammation, cerebrovascular
involvement, hypoxia (Norouzi et al., 2021; Rogers et al., 2020) and/or a combi-
nation. Abboud et al. (2020) suggested that SARS-CoV-2 affects the whole
nervous system possibly resulting in damage and neurological changes. It has
been hypothesized that the virus may enter the brain directly due to its
effects on the immune and vascular systems together with cytokine storms
(Norouzi et al., 2021). Thus, multiple CNS mechanisms have been proposed,
up until present making it difficult to identify a unitary syndrome (Norouzi
et al,, 2021). It has also been suggested that interventional factors, such as inva-
sive ventilation, sedation, medications, length of hospital stay and/or treatment
on an intensive care unit (ICU) may further have a negative influence on neuro-
cognition (de Azevedo et al., 2017; Miiller et al., 2020). Based on pre-covid
experience, longer duration of delirium has been associated with lower
Global Cognition Scores and lower scores on Executive tasks (Pandharipande
et al, 2013). Many ICU patients suffer from comorbidities that affect cognition
and/or lead to susceptibility to neurocognitive sequelae (Sasannejad et al.,
2019). These observations also apply to persons hospitalized and treated on
the ICU for COVID-19 (Rabinovitz et al., 2020).

Experiences from previous SARS and MERS viral infections indicate long-term
neuropsychiatric manifestations (Banerjee & Viswanath, 2020) and subjective
complaints of attention, memory and processing speed remaining up to three
years after recovery (Sheng et al., 2005). However, results from objective neuro-
cognitive assessments seem to be rare (Riordan et al., 2020). Researchers
acknowledge the lack of studies using comprehensive, norm-based and stan-
dardized tests appropriate for assessing neurocognitive functioning after
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COVID-19 infection (Kumar et al., 2021). Using comprehensive objective tests is
important since there often is a discrepancy between objective function
measured by a neurocognitive test battery, subjective complaints and clinical
reports of cognitive deficits (Ceban et al., 2022; Edmonds et al., 2014; Srisurapa-
nont et al., 2017; Wahlgren et al., 2022). Furthermore, a recent review pinpoints
the choice of assessment method as vital in determining prevalence of cognitive
impairment (Honarmand et al., 2020). The review showed that the prevalence of
cognitive deficits three months after hospitalization varied between 35% and
81% depending on whether a brief screening test, as Mini-Mental State Exam-
ination (MMSE), or a more comprehensive objective cognitive test battery, as
RBANS, had been used (Honarmand et al., 2020).

Studies using comprehensive objective test batteries to examine cognitive
dysfunction after COVID-19 are either case reports (Whiteside et al., 2021),
have limited sample size (Almeria et al.,, 2020; Ferrucci et al., 2021; Jaywant
et al., 2021; Miskowiak et al., 2021) or have short follow-up times after discharge
from hospital (Almeria et al., 2020; Jaywant et al., 2021; Mazza et al., 2021; White-
side et al., 2021; Zhou et al., 2020). Furthermore, background factors known to
affect cognition, such as educational level and premorbid function, have
hitherto often been disregarded (Alnefeesi et al., 2021).

More specifically, in regard to objective assessment of cognitive functioning
shortly after hospital discharge, Almeria et al. (2020) assessed 35 patients after
10-35 days, and found deficits in memory, including working memory, attention
and semantic fluency. Jaywant et al. (2021) included 57 patients and found
impairments in attention, executive functions, and working memory, but
delayed memory and recognition memory were seldom impaired at a mean
time of 43 days after admission. Zhou et al. (2020) reported mild deficits in sus-
tained attention, but no impairment in memory, executive functioning, infor-
mation processing speed, visuo-spatial processing, or psychomotor function
evaluated by online iPad-based tests in 29 outpatients directly after recovery
(two negative nucleic tests).

In regard to studies with objective cognitive assessment methods at a later
follow-up, Mazza et al. (2021) assessed 130 patients three months after dis-
charge from hospital. Seventy-eight per cent were found to have impairment
in at least one of seven examined domains. Miskowiak et al. (2021) examined
cognitive performance in 29 post-COVID-19 patients three to four months
after hospital discharge and found 59% of the patients scored lower on tasks
measuring verbal learning and working memory compared to healthy controls.
Ferrucci et al. (2021) assessed 38 post-COVID-19 patients five months after dis-
charge (the longest follow-up yet) and reported processing speed impairment
in 42% and impairments in verbal and spatial memory in 20%.

In summary, there is mounting evidence of neurocognitive deficits following
COVID-19, but further studies using objective comprehensive assessment
methods are needed to assess the true prevalence and nature of these
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deficits. There is also a need to consider confounding factors such as premorbid
function and level of education. Moreover, it is important to examine possible
associations of neurocognitive deficits with indicators of disease severity (i.e,
WHO Clinical Progression Scale (CPS) (Marshall et al., 2020); length of hospital
stay (LoS) and inflammatory markers in blood). Therefore, the primary aim of
the present study was to explore the frequency and severity of objective neuro-
cognitive deficits in COVID-19 patients with persisting concerning symptoms
affecting daily life five months after discharge from hospital. Secondary aims
were to examine whether neurocognitive deficits were associated with employ-
ment status, sick-leave, change in self-reported health, or self-reported neuro-
cognitive function. The tertiary aim was to explore the association of
demographic factors, premorbid function, and indicators of disease severity
with neurocognitive functioning.

Materials and methods
Participants

This study is part of Linkdping COVID-19 Study (LinCoS), an ambidirectional
population-based cohort study including all confirmed COVID-19 patients
admitted to hospital in one of 21 healthcare regions in Sweden (Region Oster-
gétland, RO) during March 1 - May 31, 2020. RO has approximately 450,000
inhabitants with four hospitals, one being a university hospital (total capacity
of 1000 beds, 600 of which are at the Linkdping University hospital). Patient
identification and procedures are provided in detail in the paper by Divanoglou
et al. (2021). A total of 745 COVID-19 patients were admitted to one of the hos-
pitals in RO, due to COVID-19 during the study period. After excluding fatalities,
coincidental cases and cases with severe premorbid conditions (e.g., dementia,
terminal cancer), 460 individuals were eligible for screening for post-COVID-19
problems. Of these, 433 individuals took part in the telephone interview four
months after discharge.

The structured interview comprised 37 questions focusing on persisting
COVID-19-related problems and limitations in activity or participation (Divano-
glou et al., 2021). Patients reporting symptoms such as muscle weakness, respir-
atory problems, fatigue, or cognitive problems that significantly affected their
daily life (n=185) were then invited to a comprehensive clinical follow-up
five months after discharge. The overall purpose with LinCoS was to gain infor-
mation on care and rehabilitation needs after COVID-19 in RO and to address
the long-term sequelae of the pandemic.

Altogether, 158 patients attended the clinical follow-up. Patient data for each
stage of the inclusion process are presented in Supplementary Table 1.
To ensure valid test performances, patients with premorbid conditions likely
to affect results of cognitive tests, such as severe psychiatric illness, stroke,
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dementia, or severe loss of hearing, were excluded from analysis. Further, two
embedded performance validity tests (PVTs), the RBANS Effort Scale (ES)
(Novitski et al., 2012) and the RBANS Effort Index (El) (Silverberg et al., 2007),
were combined to identify and exclude patients with non-credible test perform-
ances. After applying the PVT exclusion criteria five patients were excluded.
Figure 1 shows the flowchart and reasons for exclusion. We used the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) criteria
in the drafting of this manuscript.

Procedures and Materials

Each patient underwent a 60-90-min neuropsychological clinical evaluation
including the Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) (Randolph et al., 1998) and Colour-Word Interference Test
(CWIT) from the Delis-Kaplan Executive Function System (D-KEFS) (Delis et al.,
2001). Patients then completed the Hospital Anxiety and Depression Scale
(HADS) (Zigmond & Snaith, 1983) and the Multidimensional Fatigue Inventory
(MFI) (Hagelin et al., 2007). Tests were administered by one of four experienced
clinical neuropsychologists (UBT, AA, ML, LH) or one of three trained graduate
students under supervision. For patients not sufficiently versed in the
Swedish language (n = 14), all tests except CWIT were completed with the assist-
ance of an authorized interpreter. In these cases, cultural adaptation for relevant
RBANS subtests was applied in each language and the interpreter was trained
for the testing procedure in advance. In four cases, assessment did not fully
comply with the study protocol, and these were excluded from the analysis.

Patient descriptors and disease severity indicators.

Premorbid level of function was assessed by applying a modification of the
WHO/ECOG Performance Status based on data from medical records (Clegg
et al,, 2013) and the Frailty Score (Rockwood et al., 2005). Premorbid function
was divided into four categories: Level 1=no or mild frailty (no restriction in
daily life); Level 2 = moderate frailty (mobile and independent, but unable to
cope with work or physically demanding activities); Level 3 =considerable
frailty (periods of confinement to bed or chair but with ability to perform activi-
ties of daily living); and Level 4 = severe frailty (not being able to perform activi-
ties of daily living and/or confined to bed or chair).

Clusters of relevant ICD-10 SE codes were used to identify premorbid psychia-
tric conditions. Codes listed in discharge notes were assumed to identify corre-
sponding comorbidities. Likewise, indicators of disease severity and clinical
process were retrieved from medical records. The WHO CPS is a tengraded scale
that describes patient disease severity by tracking the patient trajectory and
resource use over the course of clinical iliness (Marshall et al., 2020). More specifi-
cally: grades (1-3) Not hospitalized; (4) Hospitalized: moderate disease, no oxygen
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Figure 1. Flowchart for Linkdping Covid-19 Study. The present neurocognitive study marked in
grey. Flowchart for Linkdping Covid-19 Study. Figure 1 shows a flowchart for the Linkdping
COVID-19 Study with exclusion reasons for all parts of the study. Out of 745 patients hospitalized
in Region Ostergétland, a total of 433 interviews were conducted. 158 patients underwent a clinical
assessment. Of these, 133 were included in the current study, see long description for exclusion
reasons. Figure 1 shows a flowchart for the Linkdping COVID-19 Study with exclusion reasons for
all parts of the study. Out of 745 patients hospitalized in Region Ostergétland, 130 patients deceased
before the follow-up. Further, 155 survivors were excluded because of factors as co-morbidities (or
because they were identified as coincidental cases. 460 patients were eligible for interviews, and a
total of 433 interviews were conducted. Of these, 185 patients were invited for clinical rehabilitation
assessment. 158 patients underwent a clinical assessment. Of these, 133 were included in the
current study. Reasons for exclusion was no-show at psychologist, less than 5 years of education,
diagnoses (afasia, dementia, intellectual disability, stroke) or non-valid testing (fainting, hearing pro-
blems, psychiatric condition, should have needed interpreter, interpreter not following protocol, or
non-credible performance according to performance validity tests).
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therapy; (5) Hospitalized: moderate disease, oxygen by mask or nasal prongs; (6)
Hospitalized: severe diseases, oxygen by non-invasive ventilation or high flow; (7)
Hospitalized: severe diseases, intubation and mechanical ventilation, pO,/FiO,
>150 or SpO,/FiO, >200; (8) Hospitalized: severe diseases, mechanical ventilation
pO,/FiO, <150 (SpO,/FiO, <200) or vasopressors; (9) Hospitalized: severe diseases,
mechanical ventilation pO,/FiO, <150 and vasopressors, dialysis or extracorporeal
membrane oxygenation; and (10) Death. In addition, worst C-reactive protein
value (CRP), lymphocyte count, ferritin and D-dimer; total length of stay (LOS);
length of ICU stay; and time on mechanical ventilation were retrieved from the
medical records. A more comprehensive description of these variables is provided
in the paper by Divanoglou et al. (2021).

Data on employment status, sick-leave, and self-rated health were obtained
from the screening interview performed at four months after discharge. Self-
rated health was assessed by asking respondents to rate their health status
before and after COVID-19 on a five-point Likert scale from very good to very
bad (Ploughman et al., 2008). Information of the language spoken by the
patient was also obtained from the screening interview and was used to
approximate the country of origin (Nygard, 2022). Level of education was
divided into five categories: (1) up to 5 years, (2) 6-9 years, (3) 9-12 years,
(4) >12 years, and (5) doctoral degree. These levels correspond to the divisions
used for constructing a representative Scandinavian norm group (Randolph,
2013). Patients with less than 5 years of education were excluded from the ana-
lyses (Randolph, 2013). Only one patient had a doctoral degree, so Category 5
was merged with Category 4 for all analyses.

Neurocognitive assessment

The RBANS was used for assessment of neurocognitive performance. RBANS has
been shown to have strong convergent validity with other neuropsychological
measures (Larson et al.,, 2005) for both individual subtests and indices (Duff
et al, 2003). It has been recognized as the gold standard neurocognitive
battery for diagnosis and clinical trial outcome measurement in Mild Cognitive
Impairment (MCI) (Karantzoulis et al., 2013). It consists of five domain-specific
indices. The Immediate Memory Index consists of List Learning and Story
Memory subtests; the Visuospatial/Constructional Index consists of Figure
Copy and Line Orientation; the Language Index consists of Picture Naming
and Semantic Fluency; and the Attention Index consists of Digit Span and
Coding. The fifth index, Delayed Memory Index consists of four subtests: List
Recall, Story Recall, List Recognition and Figure Recall. These five index scores
are summed to give the Global Cognition Index (Randolph et al., 1998).
RBANS is administered in about 30 min. For each of the indices and subtests
an age-adjusted scaled score with a mean of 10 (SD = 3) and index score 100
(SD = 15) were applied (Randolph et al., 1998). The raw scores were compared
with a validated Scandinavian reference population (Randolph, 2013). To
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ensure consistency for scoring Figure Copy and Figure Recall, two blinded asses-
sors independently scored all visuospatial subtests blinded and thereafter
agreed on acceptable gaps and overshoots according to the widely accepted
modified criteria (Duff et al., 2003). After completion of the RBANS tests, subjec-
tive experience of cognitive deterioration was obtained by asking each patient
the following question “do you believe that if you had undergone this test prior
to COVID-19, your performance would have been the same, better, or worse?”
The subjective assessment of cognitive ability was then coded either as
unchanged/better (0) or deteriorated (1).

The CWIT from the Delis-Kaplan Executive Function System D-KEFS (Delis et al.,
2001) depicts the capacity for verbal inhibition through assessing ability to inhibit
cognitive interfering stimuli. CWIT has been shown to be sensitive to executive
dysfunction in MCI (Chan et al.,, 2008). The test consists of four conditions, with
the two last conditions, inhibition, and inhibition/switching, used in this study.
The factor of interest in the current study was the total number of seconds
required to complete the task, with faster times representing better performance.
Number of errors were calculated, <4 errors was considered normal. A composite
score combining the scaled scores in inhibition and inhibition/switching was used.

Psychiatric questionnaires
The Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) is a
self-rating questionnaire to identify anxiety and depression in patients in non-
psychiatric clinical settings. The HADS Anxiety and Depression subscales each
include seven interrelated items. Each item is scored on a four-point scale,
0-3 giving a maximum score of 21 for each subscale. A cut-off >11 was
adapted to indicate a clinically significant disorder (Zigmond & Snaith, 1983).
The Multidimensional Fatigue Inventory (MFI-20) total scores were used for
measuring fatigue. The Swedish version includes 19 questions (Hagelin et al.,
2007). Each question is scored from 1 to 5 giving a total score ranging from
19 to 95, with higher scores indicating higher levels of fatigue. In this study,
the cut-off for clinically significant fatigue was >53 (Hinz et al., 2011).

Ethics

The Swedish Ethical Review Authority approved the study protocol (Dnr 2020-
03029 and 2020-04443). Research conformed to the provisions of the Declara-
tion of Helsinki.

Statistical Analysis

Descriptive analysis was applied in terms of frequency and percentages for cat-
egorical variables. Data are presented as mean + standard deviation, or median
and IQR for data not normally distributed. Significant neurocognitive impair-
ment is reported as either 1.5 or 2 SD below the population-based mean
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(100). 1.5 SD below the mean represents the lower part of the normal distri-
bution (7th percentile) and is a frequently used demarcation point for cognitive
deficits in MCI/Mild Neurocognitive Disorder and 2 SD below the mean is cited
as impaired range (2nd percentile) (Petersen & Morris, 2005; Sachdev et al., 2014;
Yarnall et al.,, 2013). These cut-off figures are equivalent to standard scores (i.e.,
mean 100, SD = 15) of 77,5 and 70, respectively.

A series of independent samples -tests were used to determine whether
mean performances of COVID-19 participants across the six RBANS indices
and the seventh CWIT composite score did differ regarding employment
status, sick-leave, self-rated health, and self-rated neurocognitive performance.

Multicollinear associations between relevant socio-demographic factors and
indicators of disease severity were explored with Pearson correlation analysis
and informed which factors to include in the regression models. There were
multicollinear associations between admission to ICU and mechanical venti-
lation as well as WHO CPS (>.80). Since WHO CPS incorporates the foremen-
tioned aspects, it was selected for use in the regression. Among inflammatory
markers, CRP is chosen to be included in the model due to fewer missing
data as compared to the other markers.

Based on these first-order correlations, we conducted seven linear multiple
regressions to predict aspects of neurocognitive function. The covariates were
chosen in advance based on factors known to affect neurocognitive function,
i.e sex, level of education, and pre-morbid function (Beatty et al., 2003; Gont-
kovsky et al., 2002; Saykin et al., 1995). The categorical language variable was
dichotomized (Swedish only, other). The confounding factors as well as indi-
cators of disease severity were entered together as predictor variables with
RBANS and CWIT index scores as the dependent variables. No imputations
were made for missing data in RBANS and CWIT scores. All statistical tests
were 2-tailed, and p <.05 was considered statistically significant. Analyses
were carried out using the Statistical Package for the Social Sciences (SPSS),
version 27.0.0 (IBM Corp., Armonk, NY).

Results
Patient descriptors and indicators of disease severity

The 133 patients with a valid neuropsychological assessment had a mean age 57.7
years (SD = 13.7), 82 (62%) were males and 54 (41%) had a university degree. In
regard to premorbid function, 70 (53%) had no or mild frailty with no restriction
in daily life (Level 1). Prior to COVID-19, 82 patients (62%) worked or studied
and only three (2%) were on sick leave. Interview data four months after discharge
showed that 60 (45%) worked or studied, 22 (17%) were on sick leave, and 95
(71%) rated their health as worse than before COVID-19. The cohort included 32
(24%) bilingual patients, corresponding to the proportion of foreign-born
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Table 1. Characteristics of the sample — descriptive statistics (n =133).

Variables n (%)
Age, mean (SD) 57.7 (13.7) 133 (100)
Sex
Male 82 (61.7)
Female 51 (38.3)
Education
9 years 25 (18.8)
9-12 years 54 (40.6)
12- years 54 (40.6)
Employment status pre- hospitalization
Employed/student 82 (61.7)
Retired 42 (31.8)
Unemployed 5(3.8)
Sick leave 3(23)
Missing 1(0.8)
Employment status 4 months after discharge
Employed/student 60 (45.1)
Retired 44 (33.1)
Unemployed 6 (4.5)
Sick leave 22 (16.6)
Missing 1(0.8)
Language
Swedish only 101 (75.9)
European 14 (10.5)
Other 18 (13.5)
Interpreter used
No 123 (92.5)
Yes 10 (7.5)
Premorbid level of function
Level 1 70 (52.6)
Level 2 44 (33.1)
Level 3 17 (12.8)
Level 4 0
Missing 1(0.8)
Prehospitalisation psychiatric condition
No 118 (88.7)
Yes 15 (11.3)
Admission to ICU
No 97 (72.9)
Yes 36 (27.1)
WHO CPS
4 41 (30.8)
5 44 (33.1)
6 13 (9.8)
7 0 (0)
8 12 (9.0)
9 23 (17.3)
Total length of stay, days, median (IQR) 7.0 (2-19.5) 133 (100.0)
ICU length of stay, days, median (IQR) 16.5 (10.0-26.5) 38 (27.5)
Length of mechanical ventilation, days median (IQR) 15.5 (9.3-24.3) 36 (26.1)
Blood data, median (IQR)
Plasma CRP, mg/L 135.5 (58.8-253.8) 126 (94.7)
Plasma ferritin, pg/L 1070.0 (595.0-2090.0) 87 (65.4)
Blood lymphocyte count, x10°/L .80 (.06-1.1) 110 (82.7)
Plasma d-dimer, mg/L 62 (2-1.4) 72 (54.1)
Days between hospital discharge and follow-up, median (IQR) 142.0 (122-164) 133 (100.0)

Note: Total number of patients showed in n (%). CRP = C-reactive protein, ICU = Intensive Care Unit; WHO CPS =
World Health Organization Clinical Progression Scale. Blood data reported as highest value during hospitaliz-

ation, except from Lymphocytes which is reported as lowest value.

individuals in the region (23.5%), as well as in Sweden in general (25.5%) (SCB,
2020). Overall, 36 (27%) of the patients had been treated on ICU, mostly men,
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Table 2. Neurocognitive performance on the Repeatable Battery for the Assessment of
Neuropsychological Status and the Color-Word Interference Test from the Delis-Kaplan
Executive Function System.

Scaled scores/ Cases performing Cases performing
Outcome measures Raw scores Index scores below 1.5 (SD) below 2 (SD)
n Mean (SD) Mean (SD) n (%) n (%)

List Learning subtest 132 26.28 (5.78) 8.77 (3.86) 22 (17.1) 3(10.1)
Story Memory subtest 126 16.71(3.90) 7.78 (3.06) 25 (20.3) 7 (13.8)
Figure Copy subtest 133  16.67 (2.82) 7.09 (3.09) 31 (23.5) 6 (19.7)
Line Orientation 129 16.81 (2.71) n.a. n.a. n.a.
Picture naming 132 9.28 (1.32) n.a. na. na.
Semantic Fluency 132 18.74 (5.27) 8.17 (3.52) 34 (25.8) 2 (16.7)

subtest
Digit Span subtest 131 8.82 (2.28) 8.35 (3.38) 31 (23.7) 26 (19.8)
Coding subtest 130 38.48 (11.59) 6.84 (3.27) 47 (36.2) 35 (26.9)
List recall 131 6.11 (2.47) n.a. n.a. n.a.
List recognition 130 19.08 (1.51) n.a. n.a. n.a.
Story Recall subtest 125 830 (2.24) 8.88 (2.94) 19 (15.2) 10 (8.0)
Figure recall subtest 132 1262 (3.97) 8.40 (3.04) 15 (11.4) 12 (9.1)
Immediate Memory 125 4337 (8.38) 87.02 (19.55) 37 (29.6) 21 (16.8)

index
Visuospatial index 128 33.57 (4.40) 87.06 (14.21) 27 (21.1) 13 (10.2)
Language index 132 28.02 (5.67) 91.42 (17.69) 27 (20.5) 15 (11.4)
Attention index 129 47.38 (12.93) 86.35 (22.14) 40 (31.0) 22 (17.1)
Delayed Memory index 125 45.91 (9.00) 88.26 (17.39) 31 (24.8) 11 (8.8)
Global Cognition score 122 n.a. 83.39 (18.85) 45 (36.9) 28 (23.0)
D-KEFS CWIT Inhibition 113 66.31 (22.16) 9.73 (3.45) 14 (12.4) 10 (8.8)
D-KEFS CWIT Inhibition/ 109 76.78 (28.59) 9.35 (3.52) 14 (12.8) 13 (11.9)

switching
D-KEFS Executive 113 n.a. 9.58 (3.20) 12 (10.6) 8(7.1)

function composite
score

Note: Age-adjusted population mean; subtests, scaled scores = 10 (SD = 3); index scores = 100 (SD = 15). Results
on subtests Line orientation, Picture naming, List recall and List recognition have no applicable (= n.a.) scaled
scores. Executive function composite score consists of the combined scaled scores from inhibition and inhi-
bition/switching from Color-Word Interference Test (CWIT) from the Delis-Kaplan Executive Function System
(D-KEFS) reported in a composite scaled score.

with a median stay of 17 days (IQR = 10.0-27.5). Table 1 provides a demographic
description of the cohort as well as the indicators of disease severity.

Average scores on the HADS depression scale (n = 124) were 4.85 (SD =4.15)
and on the anxiety scale 6.24 (SD =4.53). Thirteen patients (11%) scored above
the cut-off (>11) indicating depression and 22 (18%) indicating anxiety. Accord-
ing to MFI-20, 89 patients (72%) experienced significant fatigue (>53).

Neurocognitive results

In this sample of patients identified with persisting and concerning post-COVID-
19 symptoms, the mean RBANS index score was 83.4 (SD = 18.9). In the RBANS
Global Cognition index, 45 patients (36.9%) scored below 1.5 SD and 28 (23.0%)
below 2 SD. Performance below 1.5 SD in at least one index was evident in
63.8% of the patients, with 38.5% scoring below 1.5 SD in two or more
indices, and 22.3% performing below 1.5 SD in three or more indices. Indices
with highest proportion of patients scoring below 1.5 SD were Immediate
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memory index (29.6%), Delayed memory index (24.8%) and Attention index
(31.0%). Neurocognitive test results according to RBANS and CWIT are shown
in Table 2. Overall, the cohort performed more poorly than expected in all
five RBANS domain-specific indices, as well as on the Global Cognition Score.
Performance on CWIT was below cut-off for 10.6% of the patients.

In the RBANS subtests, the most common deficits seen were in the Coding
subtest which taps psychomotor speed 47 (36.2%), the Semantic fluency
subtest 34 (25.8%) assessing verbal ability, and the Digit span subtest 31
(23.7%) that taps short-term memory and auditory attention.

Patients treated on the ICU (M =81.86, SD = 20.80, n = 36) did not differ sig-
nificantly in RBANS Global Cognition Score compared to those not treated on
the ICU (M=79.71, SD=20.71, n=99), t(133)=-.53, p=.59, two-tailed. Nor
did they differ in any of the other neurocognitive indices. Patients undergoing
interpreter-mediated assessment (M =72.78, SD = 28.94, n = 9) did not differ sig-
nificantly from patients with standard assessments (M =80.82, SD=20.01, n=
126), t(133) =1.12, p=.26, two-tailed in RBANS Global Cognition index, or in
any of the neurocognitive outcome measures.

Associations between subjective neurocognitive performance, employment
status, sick-leave, self-reported health, and neurocognitive function

At the time of assessment, patients perceiving their neurocognitive perform-
ance as poorer compared to prior to COVID-19 (M =80.16, SD=19.26, n =58)
did not significantly differ in RBANS Global Cognition index from patients
reporting no difference (M =86.33, SD=18.12, n=64), t(120)=1.82, p=.07,
two-tailed. Nor did they differ in any of the other neurocognitive indices.

There were no associations between patients experiencing deterioration in
self-rated health (M =84.76, SD=19.10, n=87) compared to those rating no
deterioration (M =79.68, SD=18.19, n=34), t(119) = -1.33, p =.18, two-tailed.
Nor did they differ in any of the other neurocognitive indices.

There were no associations between patients’ employment status i.e.,
working (M =83.56, SD=18.23, n=28) or not working (M =82.82, SD =21.14,
n=94), t(120) = —.18, p =.86, two-tailed, after COVID-19. Nor did they differ in
any of the other neurocognitive indices. Further, there were no differences
between patients being on sick-leave (M =83.82, SD=21.92, n=22) or not on
sick-leave after COVID-19 (M =83.55, SD=18.15, n=99), t(119) = —-.06, p = .95,
two-tailed, and their neurocognitive performance in RBANS Global Cognition
index. Nor did they differ in any of the other neurocognitive outcome measures.

Associations between demographic factors, premorbid function, and
indicators of disease severity with neurocognitive functioning

A Pearson correlation matrix was developed to identify factors of interest for the
multivariate linear regression analyses. This matrix yielded significant associ-
ations between most of the independent variables (Table 3). When all relevant
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factors were entered into the regression model (Table 4), level of education was
a predictor to performance in Visuo-spatial function, Delayed memory, Global
Cognition and Executive function indices. Level of premorbid function was sig-
nificantly associated with performance on the Immediate memory and the
Attention index. Length of hospital stay contributed significantly together
with level of education to the regression model regarding Delayed memory
and Global Cognition indices. Delayed Memory Score increased by 0.3 points,
and Global Cognition Score 0.2 points for each day in hospital. Length of stay
also predicts Immediate memory together with premorbid function. As
expected from literature, women and patients with Swedish as native language
perform better on the Language index.

Depression, anxiety, and mental fatigue were not entered into the regression
model presented in Table 4 due to low response rate. An additional analysis also
including depression, anxiety, and mental fatigue is however presented in Sup-
plemental Table 2. This regression model shows the same pattern, with the
addition that Premorbid function is also a predictor for the Visuo-spatial
index (b=-4.39, p=.033) and CRP a predictor for RBANS Global Cognition
Index (b=-.04, p=.037).

Discussion

The present study examined neurocognitive performance in a sample of
patients identified with persisting and concerning post COVID-19 symptoms
five months after discharge from hospital. To our knowledge, this is one of
the largest follow-up studies on objective neurocognitive functioning after
COVID-19 using a comprehensive and thorough test battery. Furthermore, the
present study contributes and strengthens existing evidence, adjusting for
factors known to be important for neurocognitive function and exploring a
wide range of disease severity indicators.

The primary aim of this study was related to prevalence and severity of cog-
nitive deficits. The RBANS Global cognitive function was 1.5 SD below the
average in 37% of this patient cohort. A Danish study with a similar cohort
demonstrated a comparable proportion of patients, 38%, having global cogni-
tive impairments (Miskowiak et al., 2021). Global Cognition indices are unfortu-
nately lacking in other studies of post-COVID-19.

Low Immediate and Delayed memory on the RBANS memory indices (includ-
ing verbal learning, verbal and spatial recall memory) were seen in 25% of the
study cohort. These data support the findings of other studies (Almeria et al.,
2020; Ferrucci et al,, 2021; Mazza et al., 2021; Miskowiak et al., 2021). Further-
more, poor performance in the Attention index comprising the Coding
subtest and Digit span, was seen in almost one-third of this cohort with a
cut-off of 1.5 SD, and in 17% with a cut-off of 2 SD. This is in agreement with
other follow-up studies using other test batteries reporting 18% of patients
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scoring below a cut-off of 2 SD on The Brief Memory and Executive Test (BMET)
rapid letter-number matching (Jaywant et al,, 2021), and approximately 40%
below norms using symbol digits modality test (SDMT) (Ferrucci et al., 2021;
Mazza et al., 2021). Similar to other studies, 37% of our cohort scored below
1.5 SD in the Coding subtest used to estimate processing speed (Ferrucci
et al., 2021; Jaywant et al., 2021; Miskowiak et al., 2021).

A combination of Verbal fluency and Picture naming subtests were used to
assess language performance, with 22% of the patients scoring below 1.5 SD.
Previous studies using different versions of verbal fluency tasks reported
similar findings with up to 29% performing below the norm (Almeria et al.,
2020; Ferrucci et al,, 2021; Mazza et al., 2021; Miskowiak et al., 2021), but no
deficits with a naming test (Boston Naming test) (Almeria et al., 2020). Conflict-
ing results from verbal fluency tasks and limited evidence regarding language
abilities, indicate the need for a wider spectrum of language tests in future
studies.

Twenty-one percent performed below 1.5 SD in the Visuospatial index, with
9% having difficulty in Visuospatial recall after 30 min. There are clinical reports
of patients having visuospatial deficits after COVID-19 (Varatharaj et al., 2020).
Ferrucci et al. (2021) found the same proportion of patients with deficits
when using a comprehensive test as reported in the present study, but
studies assessing visuo-spatial function are not common. Patients with multiple
parietal white matter lesions had lower scores in the Visuospatial index com-
pared to those without lesions following COVID-19 infection (Hellgren et al.,
2021). Moreover, a recent report from LinCoS shows neuro-visual deficits in
this patient group (Johansson et al., 2022). These findings underline the impor-
tance of including visuospatial tests when evaluating post COVID-19 function.
Since the psychomotor speed subtest revealed the most prevalent deficit in
the present study, we recommend the use of visuospatial tasks that are inde-
pendent of psychomotor performance when assessing post-COVID-19 function.

Clinical signs of executive dysfunction were reported soon after the outbreak
of COVID-19 (Helms et al., 2020; Varatharaj et al., 2020). In the present study,
only a moderate number of patients performed below cut-off (1.5 SD) in the
CWIT. Almeria et al. (2020) used the same paradigm, the Stroop test, to tap
into verbal inhibition and set-shifting showing only 2.9% with abnormal
scores. Studies using the Trail Making Test (TMT), that taps inhibition and set-
shifting, however, have yielded varying results. Zhou et al. (2020) revealed no
impairments using an iPad based online tool for TMT assessment, whereas
Jaywant et al. (2021), using an oral TMT-B, and Miskowiak et al. (2021) using
TMT-B, both reported approximately 50% having impairment. Mazza et al.
(2021) using the Tower, a planning test, reported executive impairments in
50% of their cohort three months after discharge. These diverse and sometimes
conflicting results could suggest that executive function per se encompasses
several executive subdomains, and that each test assesses a different
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subdomain. Future research should address several executive function subdo-
mains including at least inhibition, set-shifting, and planning.

There was no difference between patients reporting subjective experience of
deteriorated test performance during the assessment and patients experiencing
no such change regarding objective test performances. This discrepancy was
previously reported in various patient groups and in healthy people (Briick
et al., 2019; Schmidt et al., 2001; Svendsen et al., 2012). This implicates the
unreliability of patients’ subjective complaints as regards cognitive function,
and thus underscores the importance of formal testing.

Previous studies indicate COVID-19 survivors are at increased risk of mood
and anxiety disorders up to six months after COVID-19 infection (Taquet
et al, 2021). In the present study, self-rated anxiety was seen in 18% and
depression 11% of the patients. There were no differences in cognitive perform-
ance between patients with and without anxiety or depression. A large pro-
portion of the patients reported high levels of fatigue. There was no
difference in global cognition performance between persons suffering a high
level of fatigue and those with less fatigue.

Based on studies of patients hospitalized for other conditions, as well as on
an early study related to COVID-19 (Mao et al., 2020), we expected, but failed
to find, a positive correlation between higher WHO CPS grade (Hopkins &
Jackson, 2006), longer lengths of stay (Wilson et al., 2018), and more elevated
CRP (Alnefeesi et al., 2021; Mazza et al., 2021; Norouzi et al, 2021; Schou
et al., 2021) and more severe neurocognitive impairment. However, the utilized
disease severity indicators do primarily reflect degree of pulmonary rather than
cerebral affection, and it might be speculated that the impact of COVID-19 on
these two organs does not necessarily correlate. Future research also needs
to study other disease severity indicators such as medication and sedation.

Different studies have chosen different follow-up times for objective assess-
ment of cognition, from a few days after discharge up to five months or later.
The temporal trajectory for cognitive functioning after infections is not well
understood, something which also applies to COVID-19 (Honarmand et al.,
2020). Patients in an acute phase after an infection may suffer from critical
iliness that entails more severe cognitive deficits (Honarmand et al., 2020). At
the same time, no significant differences in the proportions of individuals
self-reporting cognitive deficits after COVID-19 were seen at <6 and >6
months follow-up (Ceban et al., 2022). Future studies may give more insights
to temporal trajectory of cognitive function after COVID-19.

A factor with major impact on neurocognitive function was level of edu-
cation. Education was the primary performance predictor in all indices apart
from Language and Attention. Education is known to influence performance
in a wide range of neuropsychological tests (Brooks et al., 2011; Rosselli &
Ardila, 2003) and the result is thus not surprising.
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A strength of the present study is the fact that a multi-domain neurocogni-
tive test battery was used (Duff et al., 2010; Gontkovsky et al., 2002). As study
findings are influenced by the choice of cut-off points demarcating impairment,
1.5 SD was chosen as the main cut-off, in line with the literature (Petersen &
Morris, 2005; Sachdev et al., 2014; Yarnall et al., 2013). We chose to also
present some findings with a 2 SD cut-off to facilitate comparison with other
studies. It should be noted that a cut-off related to the norms may conceal
deterioration in persons functioning well prior to COVID-19. The cohort was
generally well educated, and therefore expected to have levels of cognitive per-
formance above average, given that level of education predicts performance in
several RBANS indices and the CWIT (Gontkovsky et al., 2002). The fact that sub-
jective reports of cognitive deterioration from the patients in this study were
not related to poor neurocognitive performance according to these cut-offs
may be a result of this.

The inclusion of cases needing an interpreter may have impaired the validity
of the study, especially regarding non-verbal tasks (Casas et al., 2012). At the
same time, excluding 32 of 138 patients because of non-Swedish background
would have created an even greater limitation, especially in the light of
widely reported inequalities in access to healthcare and over-representation
of COVID-19-related problems in individuals with a foreign background
(Mishra et al., 2021; OECD, 2020). As we describe at length in the methods
section, measures were instigated in order to minimize any validity issues.
Our results indicate no associations between non-Swedish background and
cognitive performance except from performance in language tasks as expected.
Therefore, we see the inclusion of patients with a non-Swedish background as a
methodological strength.

The findings of the present study should be interpreted within the context of
its limitations. A major limitation in terms of generalisability of our findings is
inherent in the selection of those patients who had reported persisting and con-
cerning problems at four months after discharge. After screening 433 individ-
uals at three months after hospitalization for COVID-19, we identified 185
patients who were evaluated as having concerning problems and were there-
fore invited for a clinical assessment. Approximately half of the 433 screened
patients reported some form of cognitive deficit at the time of the interview
four months post-COVID-19, but only those with concerning symptoms were
invited for a clinical assessment. It is possible and perhaps likely that neurocog-
nitive deficits also could have been present in those not invited for a clinical
assessment. Therefore, our results probably underestimate the true prevalence
of cognitive deficits in this population.

Another significant limitation is the lack of a control group subjectively recov-
ered from COVID-19. The pandemic restrictions and the urgency to explore the
effects of the pandemic as early as possible unfortunately obstructed such possi-
bility. A demographically matched control group would have provided a more
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robust indication of the prevalence and severity of impairment in both sympto-
matic and asymptomatic individuals recovering from COVID-19. These limitations,
however, were tempered by three factors: (1) the patients with premorbid diseases
known to affect cognition such as dementia, stroke and severe psychiatric con-
ditions were excluded; (2) more than 70% reported that their general health
prior to COVID-19 was good or very good and only three percent of the cohort
were on a sick leave prior to hospitalization; and (3) the levels of education in
this cohort were distributed comparably to the Swedish population.

Clinical implications

The findings presented in this study are of clinical relevance to neuropsychologists
and other health professionals working with patients suffering from post-COVID-
19-symptoms. The high prevalence and variability of long-term cognitive deficits
after COVID-19 highlights the need for comprehensive neuropsychological evalu-
ation in this group of patients. The specific cognitive profile of each patient must
be defined using objective standardized instruments covering a wide spectrum of
cognitive domains to offer individualized post COVID-19 rehabilitation. To address
the diverse nature of post COVID-19 cognitive deficits, rehabilitation should pre-
ferably be delivered by a multidisciplinary team including a neuropsychologist.
Development and evaluation of interventions for post-COVID-19 cognitive
deficits in general, and memory and attention deficits in particular, are warranted.

Conclusions

Findings from an objective multi-domain neurocognitive test battery adminis-
tered in person indicate a wide range of deficits five months post COVID-19.
A large proportion of the patients scored low in the RBANS Global Cognition
index and in the Memory and Attention indices. Neurocognitive performance
was not associated with higher disease severity indicators such as WHO CPS.
Though study interpretation is limited by lack of control group, results empha-
size the importance of performing an objective neuropsychological assessment
when patients self-report post COVID-19 symptoms that affect their daily life, no
matter of disease severity.
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