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Abstract

Some people infected with SARS-CoV-2 report persisting symptoms following acute infection. If these persist for over
three months, they are classified as post-COVID-19 syndrome (PCS). Although PCS is frequently reported, detailed lon-
gitudinal neuropsychological characterization remains scarce. We aimed to describe the trajectory of cognitive and neu-
ropsychiatric PCS symptoms. 42 individuals with persisting cognitive deficits after asymptomatic to mild/moderate acute
COVID-19 at study inclusion received neuropsychological assessment at baseline (BL) and follow-up (FU; six months
after BL). Assessments included comprehensive testing of five neurocognitive domains, two cognitive screening tests, and
questionnaires on depression, anxiety, sleep, fatigue, and health-related quality of life. Results showed high rates of subjec-
tive cognitive complaints at BL and FU (95.2% versus 88.1%) without significant change over time. However, objectively
measured neurocognitive disorder (NCD) decreased (61.9% versus 42.9%). All cognitive domains were affected, yet most
deficits were found in learning and memory, followed by executive functions, complex attention, language, and perceptual
motor functions. In individuals with NCD, the first three domains mentioned improved significantly over time, while the
last two domains remained unchanged. Cognitive screening tests did not prove valuable in detecting impairment. Neuro-
psychiatric symptoms remained constant except for quality of life, which improved. This study emphasizes the importance
of comprehensive neuropsychological assessment in longitudinal research and provides valuable insights into the trajec-
tory of long-term neuropsychological impairments in PCS. While cognitive performance significantly improved in many
domains, neuropsychiatric symptoms remained unchanged.

Keywords Neuropsychology - Long COVID - Neurocognitive disorder - Cognitive deficits - Subjective complaints -
SARS-CoV-2

Introduction

There is growing evidence that symptoms occurring dur-
ing the acute phase of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection persist or that even
new symptoms can appear after the acute phase [1, 2]. Vari-
ous terms describe this condition: Long-COVID refers to
symptoms that persist for at least four weeks after infection.
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Post-COVID-19 syndrome (PCS) is used if symptoms
develop during or after COVID-19, continue for more
than 12 weeks after infection, and cannot be explained
by an alternative diagnosis [3]. The definition of the post-
COVID-19 condition published by the World Health Organ-
isation (WHO) adds symptoms that persist for at least two
months and impact everyday functioning [4].
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A recent umbrella review regarding Long-COVID
showed prevalence estimates ranging from 7.5 to 41% [5].
Estimates suggest that 65 million individuals worldwide
may suffer from Long-COVID [6]. Focussing explicitly on
PCS, Fernandez-de-las-Peias et al. reported that 45.9% of
individuals exhibited at least one post-COVID symptom
[7]. Altogether, these studies indicate that long-term symp-
toms following COVID-19 are frequent.

Frequent PCS symptoms include neuropsychiatric symp-
toms, such as fatigue and affective symptoms. Based on data
from a meta-analysis, the estimated prevalence of fatigue
in PCS is 37% [8]. Prevalence rates for affective symptoms
such as depression and anxiety are estimated to range from
12 to 23% [8, 9]. Additionally, neuropsychiatric PCS symp-
toms may also manifest as sleep disturbance (27.4%) or
objective cognitive impairment (20.2%) [1].

A meta-analysis that focused on cognitive impairment
reported brain fog (32%), memory issues (27%), and atten-
tion disorder (22%) as common PCS symptoms [8]. Fur-
ther, a review of objective test data on cognitive impairment
found deficits in global cognitive function in all 12 studies,
ranging from 15 to 80% in the samples [10]. In our cohort of
individuals with PCS with subjective cognitive complaints,
objective cognitive impairment was found in about 60%
of individuals when applying extensive neuropsychologi-
cal testing and was prevalent across all cognitive domains
assessed (the focus of impairments were domains of learn-
ing and memory, attention, and executive functioning) [11].
These findings were underlined by a review of objective test
data that found impairments in attention and executive func-
tions, memory, and visuospatial cognition [10]. Cognitive
impairments impact life severely and are associated with
lower quality of life and higher impairment at work [12].

Disease severity of acute COVID-19 (i.e., hospitaliza-
tion, number of initial symptoms, and intensive care unit
admission) has been identified as one risk factor for PCS
[13-15]. However, persistent symptoms are common even
in individuals with asymptomatic, mild, or moderate (i.e.,
non-hospitalized) acute COVID-19, although prevalence
estimates vary considerably [5, 16]. Considering recent
findings, showing that 92.4% of individuals diagnosed with
COVID-19 did not require hospitalization [17], the absolute
number of individuals at risk of PCS is still highly relevant.

Studies investigating the prevalence of cognitive impair-
ment in hospitalized versus non-hospitalized individuals as
a PCS symptom could not detect differences between the
two groups [18] or found even higher estimates for cogni-
tive impairment in non-hospitalized individuals [8]. This
observation suggests that cognitive impairment is at least
as frequent in non-hospitalized as it is within in hospitalized
individuals, an implication that is supported by other studies
[19-22].
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It is highly relevant for clinicians and scientists whether
cognitive impairment is reversible or not as in neurode-
generative diseases [23]. Post-infectious syndromes have
been known since the Spanish influenza in 1918 and can
help deducing possible long-term consequences of COVID-
19 [24, 25]. A review published before the COVID-19
pandemic, describes that when an infection caused acute
respiratory distress syndrome (ARDS) 46-80% of patients
experienced cognitive impairment one year after hospital
discharge, five years later 20% of patients reported cogni-
tive impairment [26]. The most affected domains were exec-
utive functions, memory, concentration, and attention [27].
Mild as well as severe influenza is associated with cognitive
impairment and an increased long-term risk for neurodegen-
erative conditions [23, 25].

As is known from the other coronaviruses severe acute
respiratory syndrome (SARS) and Middle East respiratory
syndrome (MERS) long-term cognitive impairment is pos-
sible after the acute phase of the disease with deficits in
concentration and attention, as well as in memory lasting
up to several months [28]. Little is known about the trajec-
tory of neuropsychological and neuropsychiatric symptoms
in PCS. A systematic review of hospitalized and non-hos-
pitalized individuals examined different neuropsychiatric
symptoms like cognitive deficits, fatigue, anxiety, depres-
sion, post-traumatic stress disorder, and sleep disturbances
for up to seven months [29]. Symptoms were assessed at
varying time points and indicated a trend toward improve-
ment, even though primary studies yielded mixed results. In
addition, meta-analyses indicated no significant differences
in the prevalence of cognitive deficits and fatigue symptoms
between mid-term (i.e., 3—6 months after infection) and
long-term follow-up (i.e., at least six months after infec-
tion) [8, 18]. However, symptoms of anxiety and depression
increased from mid-term to long-term follow-up [8].

Different primary studies that examined the trajectory
of neuropsychiatric symptoms from acute COVID-19 up to
12 months after diagnosis using online surveys showed an
increase in cognitive and neuropsychiatric symptoms (e.g.,
memory problems, confusion, fatigue, anxiety, depres-
sion), particularly in the early period after acute COVID-19,
followed by either a decrease or stagnation [30, 31]. In a
study applying extensive neuropsychological testing to 128
individuals at three time points (two, four, twelve months),
cognitive performance was significantly different compared
to normative reference at any time with mild to moderate
cognitive impairment ranging from 16 to 26%. Cognition
declined over time although the proportion of cognitive
impairment did not differ significantly [32].

In summary, the current literature does not provide con-
sistent findings on the trajectory of cognitive and neuropsy-
chiatric symptoms over time. Moreover, various factors of
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the studies conducted render their comparability difficult,
such as different methods of assessment (subjective infor-
mation versus objective testing), the use of comprehensive
neuropsychological tests versus cognitive screening tests,
in-person versus remote testing, different follow-up periods,
and heterogeneous samples (e.g., age, severity of COVID-
19, sex, education, concomitant medication, pre-existing
co-morbidities). However, analyzing intraindividual trajec-
tories of cognitive and neuropsychiatric symptoms of indi-
viduals with PCS over time can be of great importance for
improving therapeutic decisions. Results could help to iden-
tify symptoms that seem to remit on their own, while others
might need to be specifically targeted by neuropsychologi-
cal or psychotherapeutic interventions.

Our study constitutes the longitudinal follow-up of ear-
lier work [11] that aimed to include comprehensive in-per-
son neuropsychological assessments of five neurocognitive
domains defined by the Diagnostic and Statistical Manual
[33]. Here, we included individuals who reported subjective
cognitive complaints after mild to moderate SARS-CoV-2
infection. The main goal of the current study was to examine
whether the extent of cognitive deficits changes over time.
Our extensive neuropsychological test battery allowed us
to focus on domain-specific changes and global cognition.

Table 1 Sociodemographic and clinical variables at baseline (BL) and
follow-up (FU) for the total sample and separately for individuals with
and without cognitive impairment (NCD; noNCD)

Baseline Follow-up
M SD M SD
Age 45.69 1036 4621 10.29
noNCD 48.00 8.63 48.63  8.55
NCD 4427 1122 4473 11.13
Days between infec- 243.88 121.74 448.14 126.17
tion and NPA
noNCD 248.38 141.03 455.69 144.55
NCD 241.12 111.14 443.50 116.24
Years of education 15.79  2.28
noNCD 15.63 222
NCD 1588 236
Premorbid 1Q 107.44 10.94
noNCD 108.27 10.82
NCD 106.96 11.19
N % N % P
Subjectively reported 40 95.24 37 88.10  0.375
cognitive complaints
noNCD 15 93.75 14 87.50  >0.999
NCD 25 96.15 23 88.46  0.500
Subjectively reported 32 76.19 32 76.19  >0.999
fatigue
noNCD 10 62.5 12 75.00 0.688
NCD 22 84.62 20 76.92  0.727

Note. noNCD (no neurocognitive disorder, n=16) and NCD (neuro-
cognitive disorder, n=26) refer to the classification of individuals
based on BL neuropsychological assessment; NPA =Neuropsycho-
logical Assessment

Additionally, we analyzed neuropsychiatric symptoms and
health-related quality of life over time.

Participants and methods

A prospective cohort of non-hospitalized individuals with
PCS was recruited at the University Hospital of Cologne.
Participants were seeking medical advice due to persistent
symptoms following COVID-19 and either contacted us
directly or were referred by the Department of Infectious
Diseases. The Institutional Review Board granted ethical
approval (20-1501). The study was registered in the Ger-
man Clinical Trials Register (DRKS00024434). Participants
were individuals reporting subjective cognitive complaints
or fatigue at study inclusion at least three months after mild
to moderate confirmed COVID-19. Known premorbid mild
cognitive impairment, dementia, or a history of severe psy-
chiatric or neurological conditions within the last two years
were defined as exclusion criteria. For further information
on the participant recruitment process and inclusion/exclu-
sion criteria, see Schild et al. [11]. Baseline (BL) assess-
ment (see Online Resource Table 1) was performed not
earlier than three months after COVID-19 following the
NICE definition of PCS [11]. For the longitudinal analy-
sis, the only inclusion criterion was participation at BL,
no additional exclusion criterion was applied. 42 of the
initially included 52 individuals agreed to FU assessment
and were re-assessed six months after BL. Ten individuals
dropped out of the study for different reasons: unspecified
reasons (n=4), expectancy of overburdening during cog-
nitive assessment (n=2), no interest in further diagnostics
(n=2), long-term stay in a rehabilitation institution (n=1),
loss of interest in participation due to symptom improve-
ment (n=1).

Data assessment and processing

During follow-up (FU) visit, self-reported PCS symptoms
were assessed in a structured interview. Besides an extensive
neuropsychological test battery that covered the domains of
learning and memory, complex attention, executive func-
tions, language, and perceptual-motor function (guided
by DSM-5 [33]), cognitive screening tests Mini-Mental
State Examination (MMSE [34]) and Montreal Cognitive
Assessment (MoCA [35]) were conducted. The domain of
social cognition was not covered to reduce test duration.
Information on neuropsychological tests and corresponding
cognitive domains are listed in Online Resource Table 1.
Additionally, symptoms of anxiety and depression (Hos-
pital Anxiety and Depression Scale; HADS [36]), fatigue
(Fatigue Severity Scale; FSS [37]), daytime sleepiness
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(Epworth Sleepiness Scale; ESS [38]), sleep quality (Pitts-
burgh Sleep Quality Index; PSQI [39]), and health-related
quality of life (Short-Form-36 Health Survey Question-
naire; SF-36 [40]) were assessed by self-rating scales. The
cut-off for the FSS is defined in the manual as >4 points
on average. Derived from this, we defined a scale cut-off of
> 36 points. For the total general health score of the SF-36,
we calculated the unweighted mean of the domain-specific
values (range 0-100, with lower values indicating worse
health ratings).

Based on normative data of the extensive cognitive
assessment and the DSM-5 definition of neurocognitive dis-
order (NCD), individuals were classified as having NCD if
at least two test scores indicated a cognitive deficit (i.e., the
test result was at least one SD below the mean of the norm).
Otherwise, individuals were classified as not having a neu-
rocognitive disorder (noNCD).

In individuals with NCD, cognitive domains were clas-
sified as impaired when the result was at least one standard
deviation (SD) below the norm’s mean in one test of a cog-
nitive domain.

We created domain-specific cognitive composite scores
(DCS) by computing each domain’s unweighted mean of
the z-standardized test scores. The DCS for learning and
memory, executive functions, and complex attention con-
sisted of five cognitive subscores each, the DCS language
consisted of two, and the DCS perceptual-motor function
consisted of one subscore. The categorisation of cognitive
test scores into cognitive domains was based on theoreti-
cal assumptions. Moreover, we created a global cognitive
composite score (GCCS) as the unweighted mean of the five
DCS.

Additionally, as we focus on cognitive performance
changes between BL and FU, we computed difference
scores for all DCS and the GCCS by subtracting BL scores
from the corresponding FU scores for each individual and
then computing the mean of those differences.

Statistical analyses

The dropout sample (N=10) and FU sample (N=42) were
tested for significant differences in cognitive and neuropsy-
chiatric variables at BL. To test for differences in poten-
tially confounding cognitive and neuropsychiatric variables
between BL and FU within both the total FU cohort and
NCD groups, we performed (a) Welch’s t-test for paired
samples to compare sum scores of MMSE, MoCA, PSQ],
ESS, HADS anxiety, HADS depression, FSS, the SF-36
total score as well as SF-36 subdomain scores and (b) exact
McNemar-tests based on binomial probability testing for
paired samples on proportions of subjectively reported
fatigue, subjectively reported cognitive impairment as well
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as scores below/above cut-off scores indicating pathologi-
cal scores for HADS anxiety, HADS depression, ESS, PSQI
and FSS.

To analyze changes in the NCD group distribution (NCD
versus noNCD) from BL to FU, we performed the exact
McNemar-Test based on binomial probability testing for
paired samples.

To test for associations of overall domain impairment
distribution and time point of assessment among individuals
with NCD, we performed Fisher’s exact test for count data.

Further, we analyzed changes in DCS and the GCCS
from BL to FU assessment in the total FU cohort and within
NCD subgroups using Welch t-Test for paired samples.
Finally, we computed and tested Pearson’s correlation coef-
ficients of the association between the time in days that have
passed since infection until FU assessment for both the total
FU cohort and the NCD subgroup only.

Statistical analyses were conducted using R (Version
4.3.1). All statistical tests were performed at a=0.05. Due
to the exploratory nature of all the analyses, we did not cor-
rect for multiple testing, following the recommendation of
Bender & Lange [41].

Results
Demographics and clinical variables

The sociodemographic and clinical characteristics of the 42
individuals included are presented in Table 1. There were no
significant differences in relevant variables at BL between
individuals who were re-assessed at FU and those who
dropped out (see Online Resource Table 2).

The number of individuals classified as having NCD at
BL was 26 (61.9%) and decreased to 18 (42.86%) at FU.
More individuals remitted from NCD than individuals
newly developed NCD from BL to FU (p=.035). Neither
age nor years of education differed between NCD groups at
BL or FU (all ps>0.21).

In the total sample, mean health-related quality of life
(range 0—100, higher value reflects better health status)
increased significantly from M=43.95 up to M=54.81
(#(41)=-4.41, p<.001). Additionally, the score also
increased for noNCD (#(15) = -2.76, p=.015) and NCD
groups (#(25)=-3.41, p=.002) separately, indicating
increased health-related quality of life at FU.

Figure 1 depicts the health-related quality of life at BL
and FU separated by subgroups. It shows that when investi-
gating the different subdomains of health-related quality of
life more closely (see Fig. 1, Online Resource Table 3), indi-
viduals with noNCD at BL improved significantly for physi-
cal functioning (#(15)=-2.73, p=.015), fatigue (#(15)=-2.24,



European Archives of Psychiatry and Clinical Neuroscience

Table 2 Cognitive screening tests and neuropsychiatric characteristics
at BL and FU for the total sample and separately for individuals with
and without cognitive impairment (NCD; noNCD)

N=42 Baseline Follow-up
Variable (Cut-Off) M SD M SD p
MMSE 2936 0.93 29.52 094 0.376°
noNCD 29.69 0.60 2944 131 0.468°
NCD 29.15 1.05 29.58 0.64 0.054°
MoCA ¢ 2659 2.83 27.10 242 0.218°
noNCD 2747 196 265 285 0270°
NCD 26.08 3.15 2746 208 .021°
HADS anxicty 676 321 678 425 0.934°
noNCD 638 3.18 7.00 510 0.518"
NCD 7.00 326 6.64 371 0.562°
HADS depression 6.55 381 643 473 0.838°
noNCD 713 440 738 552  0.776°
NCD 6.19 344 585 417 0.660°
FSS — fatigue 42.69 13.13 3890 1632 0.103"
noNCD 4444 1359 42.81 1558 0.640°
NCD 41.62 13.00 365 16.59 0.105°
PSQI — sleep quality 8.86 3.64 845 413 0.365°
noNCD 838 3.69 831 425 0.929°
NCD 9.15 3.65 854 414 0.298°
ESS — daytime sleepiness  9.71  5.73 948 501 0.694°
noNCD 10.63 525 1038 534 0.801°
NCD 9.15 6.03 892 482 0.770°

Note. noNCD (no neurocognitive disorder, n=16) and NCD (neuro-
cognitive disorder, n=26) refer to the classification of individuals
based on baseline neuropsychological assessment

? exact McNemar-test based on binomial probability testing for
paired samples

® Welch’s t-test for paired samples

‘n=39

4n=40

‘n=41

p=.040), social functioning (#(15)=-2.83, p=.013), and
health change (#(15)=-4.24, p <.001). For individuals with
NCD, physical functioning (#24)=-3.08, p=.005), limita-
tions due to physical health (#24)=-3.26, p=.003), pain
(#(25)=-2.66, p=.014), and health change (#23)=-3.89,
p<.001) increased over time. Overall, NCD and noNCD
groups showed similar patterns of health-related quality of
life subdomains at FU. Both groups’ quality of life was most
affected by fatigue. Further, they reported role limitations
due to their physical health (e.g., problems at work or other
regular daily activities due to physical health) even though
limitations of physical functioning (activities like walking,
climbing stairs or lifting) were least impaired. Other less
impaired health ratings were found for the subdomains pain
and social functioning.

No other significant differences were found for demo-
graphic and clinical variables (see Table 1).

Table 2 presents cognitive screening scores and neu-
ropsychiatric characteristics from BL as well as FU. On

average, cognitive screening tests showed no evidence of
cognitive impairment (MMSE: cut-off <27; MoCA: cut-off
<25 for impaired cognition) at BL and FU. On an individual
level, ten individuals had a MoCA score below the cut-off
at FU (BL=11), while one individual had a MMSE score
below the cut-off at FU (BL=1). Further, mean MoCA and
MMSE scores did not improve from BL to FU for the total
sample. However, MoCA revealed a significant increase for
individuals with NCD over time. On an individual level,
ten individuals had a MoCA score below the cut-off at FU
(BL=11), while one individual had a MMSE score below
the cut-off at FU (BL=1).

Similarly, no significant changes were found for neu-
ropsychiatric scores on anxiety, depression, fatigue, sleep
quality, and daytime sleepiness between BL and FU. On
average, no pathological scores were found for any scale
except for fatigue (FAS: cut-off > 36) in the total sample and
the subgroups. Sleep quality was poor on average (PSQI:
score 610 for poor sleep quality, > 10 chronic sleep dis-
turbance), and daytime sleepiness was elevated (ESS: score
8-10 for elevated daytime sleepiness, > 10 for strongly ele-
vated daytime sleepiness).

Domain composite score (DCS) and global cognition
composite score (GCCS)

Individuals with NCD showed impairments in all cogni-
tive domains examined. Descriptively, domain-specific
impairments in this group decreased from BL to FU in each
domain: Impairments in learning and memory decreased
from 69.2 to 55.6%, in executive functions from 61.5 to
44.4%, in complex attention from 50.0 to 38.9%, in lan-
guage from 42.3 to 33.3%, and in perceptual-motor func-
tion from 30.8 to 27.8%. However, Fisher’s exact test did
not find an association between domain impairment distri-
bution and assessment time point among individuals with
NCD (p>.999). The ratio of impairment comparing cogni-
tive domains did not change between BL and FU, i.e., most
deficits were found in the learning and memory domain, fol-
lowed by executive functions, complex attention, language,
and perceptual motor functions.

Table 3 compares DCS and GCCS for the total sample and
the subgroups (NCD versus noNCD) at BL and FU. When
comparing DCS and GCCS between BL and FU in the total
FU population and the subgroups using Welch’s t-test for
paired samples (see Table 3), mean global cognitive perfor-
mance of individuals classified as NCD at BL increased sig-
nificantly for the GCCS (M =-0.38, 95% CI[-0.54,-0.23],
#25)=-5.10, p<.001) and explicitly in the mean DCS of
learning and memory (M=-0.31, 95% CI[-0.55,-0.07],
1(25)=—-2.65, p=.014), executive functions (M=-0.38,
95% CI[-0.57,-0.19], #25)=-4.07, p<.001), and
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90
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—e—Baseline Follow-Up

emotional well-being
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Fig. 1 Health-related quality of life measured by SF-36 at BL and FU separately for individuals with noNCD and NCD. *p<.05 **p<.01
ok
'p<.001
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Table 3 Comparisons of domain-specific composite scores (DCS) and global cognition composite score (GCCS) for the total sample and sepa-
rately depending on level of cognitive impairment (NCD versus noNCD at BL) for BL and FU

N=42 Baseline Follow-up Difference score

Composite Score M SD M SD M SD p

CS Learning and memory -0.14 0.75 0.08 0.79 0.22 0.68 0.200
noNCD 0.22 0.50 0.29 0.72 0.07 0.80 0.734
NCD —0.36 0.80 —0.05 0.82 0.31 0.59 0.014

CS Executive functions 0.06 0.67 0.25 0.67 0.18 0.71 0.218
noNCD 0.41 0.46 0.27 0.78 -0.14 0.91 0.553
NCD —0.15 0.69 0.23 0.61 0.38 0.47 <0.001

CS Complex attention 0.06 0.71 0.62 0.79 0.56 0.56 0.001
noNCD 0.49 0.31 0.92 0.70 0.43 0.67 0.021
NCD —-0.21 0.75 0.43 0.80 0.64 0.47 <0.001

CS Language -0.05 0.82 0.11 0.89 0.17 0.77 0.380
noNCD 0.40 0.73 0.40 0.93 -0.01 0.81 0.968
NCD —-0.34 0.76 -0.07 0.84 0.27 0.74 0.074

CS Perceptual-motor function -0.07 0.89 0.11 1.00 0.18 1.06 0.382
noNCD 0.32 0.69 0.30 1.03 -0.02 1.27 0.943
NCD -0.32 0.92 —0.01 0.98 0.31 0.92 0.101

Global Cognition CS -0.03 0.56 0.23 0.65 0.26 0.55 0.051
noNCD 0.37 0.32 0.44 0.68 0.07 0.73 0.721
NCD —0.27 0.54 0.11 0.60 0.38 0.38 <0.001

a) Anxiety (HADS Anxlety > 10) b) Depression (HADS Depression > 10)

n=6 I Anxiety at BL -— Anxiety at FU I n=9 n=7 l Depression at BL — Depression at FU I n=8
S 4

——f L — — 3 |

n=35 No anxiety at BL 30 No anxiety at FU n=32
n=35 No depression at BL 31 No depression at FU n=34

¢) Fatigue (FSS > 36) d) Sleep quality (PSQI > 10)

\
n=18 Sleep problems at BL k& Sleep problems at FU n=12
1
|

n=230 Fatigue at BL Fatigue at FU n=25

— el

2
n=12  Nofatigue at BL 10 No fatigue at FU n=17

—
— '

n=26 No sleep problems at BL 25 No sleep problems at FU n=30

¢) Daytime sleepiness (ESS > 10)

n=16 Sleepiness at BL Sleepiness at FU n=12
— ' e

n=26 No sleepiness at BL 25 No sleepiness at FU n=230

Fig. 2 Flow diagrams between BL and FU visits depicting pathological and non-pathological anxiety, depression, fatigue, sleep quality, and day-
time sleepiness scores

@ Springer



European Archives of Psychiatry and Clinical Neuroscience

complex attention (M=-0.64, 95% CI[-0.83,-0.45],
#(25)=-6.98, p<.001) (Table 3). Additionally, in the
domain of complex attention, mean performance of individu-
als classified as noNCD significantly improved (M=—0.43,
95% CI[—0.79,—0.07], (15)=—-2.57, p=.021) as well as
of the total FU cohort (M=—0.56, 95% CI [—0.89,—-0.23],
#(80.90)=—-3.42, p=.001). No significant effects were
found for the domains of language and perceptual-motor
functions.

While there were significant differences in DCS and
GCCS scores, we found no correlation between GCCS and
the days that have passed between infection and FU assess-
ment, neither for the total sample (r=.05, #40)=0.32,
p=".751), nor for the NCD group alone, (r=.01, #24) =0.03,
p=.975).

Conversion rates within neuropsychiatric scales

For neuropsychiatric variables, we observed conversions of
both directions, i.e., individuals who converted from being
under the cut-off for a certain neuropsychiatric scale at BL
to being over the cut-off at FU and vice versa.

Figure 2 depicts participant flow of pathological versus
non-pathological neuropsychiatric conditions between BL
and FU visits. It shows that for anxiety and depression,
the total number of individuals, reaching scores above the
cut-off, increased descriptively (see Fig. 2a and b). How-
ever, McNemar-Tests based on binomial probability testing
for paired sampled did not yield significance (p=.453 and
p>.999, respectively), indicating no difference in the prob-
ability for the direction of conversion. For fatigue, sleep
quality and daytime sleepiness, the total number of indi-
viduals showing scores above the cut-off decreased descrip-
tively, while McNemar-Tests did not indicate significance
(all ps>0.109).

Discussion

While a growing number of studies are focusing on cogni-
tive deficits and neuropsychiatric symptoms in individuals
with PCS, only a few assess the trajectory of PCS symptoms
over time. In this follow-up (FU) study on our prospective
monocentric cohort that initially reported subjective cogni-
tive complaints, we applied extensive neuropsychological
testing, including five cognitive domains and several neu-
ropsychiatric variables six months after the baseline (BL)
assessment in N=42 individuals. We found a significant
change in the proportions of neurocognitive disorder (NCD)
from BL to FU. For individuals with NCD, cognitive perfor-
mance (GCCS; MoCA) improved significantly over time,
but not for the total sample. Further, we observed significant
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improvements in the domains of learning and memory as
well as executive functions for individuals with NCD, and
in the domain of complex attention for the total sample.
However, 42.9% of the sample were still classified as NCD
at FU (compared to 61.9% at BL). Neuropsychiatric vari-
ables like anxiety, depression, fatigue, sleep quality, and
daytime sleepiness were stable over time, while on average,
the sample reported improved health-related quality of life.

We found that objective cognitive impairment was still
present nine months or more after infection in 42.9% of
participants, similar to previous studies on PCS [42, 43].
However, we found that global cognitive performance
improved significantly from BL to FU for individuals with
NCD. Other studies that focused on populations with differ-
ent acute COVID-19 severity found mixed results regarding
the trajectory of cognitive performance in PCS: while Rass
et al. [44] found no difference in cognitive performance
between three and 12 months after acute infection, Cysique
etal. [32] could show a cognitive decline from two to four to
12 months after infection. Our findings most likely support
those of Ferrucci et al. [45] who reported cognitive impair-
ment five months after hospital discharge in 63.2% of the
sample reduced to 49.1% 12 months later.

Additionally, 88.1% still reported subjective cognitive
complaints at FU, compared to 95.2% at BL, indicating no
significant difference. Thus far, findings of similar studies
reveal discrepancies between subjective cognitive com-
plaints and objective test results. For instance, Schild et
al. previously showed that subjective cognitive complaints
could be confirmed in no more than half of the sample by
objective neuropsychological testing [46], neither in global
cognitive performance nor when differentiated by cognitive
domains. Other data suggest that subjective cognitive dys-
function is not associated with objective cognitive screening
tests and that rates are irrespective of disease severity [47].

Several reasons might contribute to this finding. For
example, individuals may have a high premorbid level of
cognitive performance so that PCS impairments cannot be
objectified by neuropsychological testing at a single time
point without a premorbid baseline, and thus do not fulfil
the criteria for NCD; impairments may be relatively mild
and hence escape objectification; the selected neuropsycho-
logical tests may not be sensitive enough to detect cognitive
impairment in this group reliably. Results from both BL and
FU assessments of this study showed that cognitive screen-
ing tests were not as sensitive in detecting cognitive impair-
ment as extensive neuropsychological testing. Further, the
neuropsychological profiles of cognitive domains remained
similar from BL to FU, with a focus on impairment in the
domains of learning and memory, executive functioning, and
complex attention. These were also the domains in which
individuals with NCD significantly improved the most and
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were assessed extensively in our study and other studies
according to a systematic review of objective test data of
cognitive impairment in PCS [10]. Thus, these results could
also be interpreted as the need for equally comprehensive
assessments within all cognitive domains. However, it is
essential to note that applying exhausting assessments could
not only be critical for individuals with PCS who experi-
ence severe symptoms of fatigue but would also, by chance,
lead to more test scores falsely indicating impairment, so
that criteria for diagnosing cognitive impairment should be
adapted accordingly [48]. Harmonization of neuropsycho-
logical assessment could prevent this and increase compa-
rability between studies. A first proposal of internationally
harmonized procedures and methods for assessing neuro-
cognitive functions in research and clinical contexts and
other health-relevant variables has been published [49]. It is
recommended to use inclusive assessment tools for diverse
social backgrounds and to revise pre-pandemic norms for
neuropsychological diagnostic [50].

Similar to the rates of subjectively reported fatigue and
cognitive impairment, psychiatric symptoms, specifically
depression, anxiety and fatigue symptoms as well as sleep
quality, remained stable between BL and FU. Only health-
related quality of life showed significant improvement over
time, especially in subdomains physical functioning and
health change. These findings support results from other
longitudinal studies that reported unchanged or increased
rates of neuropsychiatric symptoms over time in PCS [8,
51]. Considering that cognitive performance seems to remit
while neuropsychiatric symptoms seem to remain stable, it
is unclear if and how cognition and psychiatric symptoms
might be associated with each other. Regression analyses
that predict cognitive performance and its trajectory from
neuropsychiatric symptoms might help uncovering the
relationship between cognition and neuropsychiatric symp-
toms. While this could be seen as an obvious analysis to
perform in the context of this study, the ratio of possible
predictors to sample size would have led to low statistical
power that would have made the results hardly interpre-
table. Besides traditional regression analyses, other frame-
works and methods might be considered in future studies,
e.g., network perspectives that reflect the high complexity
and likely multifactorial causes of those symptoms and their
relationship to each other [52]. Scharfenberg et al. argue that
these perspectives are not only able to explain cognitive and
neuropsychiatric symptoms in PCS, but similar persisting
symptoms observed after other viral infections as well [52].

Accordingly, our results from patients with PCS con-
firm findings from a systematic review and meta-analysis
on SARS and MERS reporting impairments in the domain
of memory and of concentration and attention after the
acute phase of the disease [28]. Unfortunately, there are not

enough data on other cognitive domains to directly compare
them with data from patients with PCS. Moreover, health-
related quality of life was also significantly reduced after
acute SARS infection compared to general population dis-
ease [28]. Again, a direct comparison with our data is not
possible since the authors focused on selected subscales of
the SF-36 and did not have BL data for comparison. How-
ever, what we can deduce from these comparisons is that all
coronavirus diseases can have a persistent impact on cogni-
tion and quality of life.

Our study has several limitations. First, we did not
include a control group but compared individuals to pre-
pandemic normative data. Thus, initial impairment at BL
could have been (partially) caused by circumstances of
living in the pandemic rather than due to an infection with
COVID-19 [53]. Hence, observed improvement in global
cognition could be interpreted in the context of return-
ing to prepandemic life. Our finding that individuals with
NCD and individuals with noNCD improved significantly
from BL to FU in the domain of attention could support
this interpretation. However, this is not a consistent pattern
throughout our results and subjective reports of cognitive
complaints and stable neuropsychiatric symptoms contra-
dict this interpretation.

Second, the generalization of our findings is limited by
the relatively small sample size and demographic character-
istics of this German sample. While other studies conducted
assessments at specific time points, e.g., starting from infec-
tion or hospital discharge, we initially included individuals
who already experienced persistent symptoms for at least
three months, resulting in a wide range of time between
infection and neuropsychological assessments. However,
we found no significant association between the time that
had passed between infection and FU assessment in this
cohort. We therefore do not assume that the trajectory of
cognitive impairment due to PCS is tightly associated with
the time passed since infection. This mitigates this limita-
tion and suggests that different clusters might exist among
individuals with PCS, in which persistent symptoms and
their possible remission occur at different rates over time,
depending on complex interactions between various fac-
tors. Large databases of demographic, neuropsychological
and clinical data are needed to identify such clusters using
machine learning algorithms (see [54]).

Third, as we only assessed individuals who initially
reported subjectively cognitive complaints, prevalence rates
of cognitive impairment and psychiatric symptoms should
not be generalized to individuals with PCS not reporting
subjective deficits. Although the criteria for classifying
NCD is based on the DSM-5 NCD criteria, some might
argue that the criterion of at least two test scores indicating
impairment by being at least one SD below the mean of the
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norm leads to overestimating NCD in this sample. However,
results of BL assessment showed that the NCD groups actu-
ally differ in their cognitive performance based on the DCS
and GCCS and thus being indeed meaningful in differentiat-
ing groups based on cognitive performance.

Moreover, the dropout rate of 19.2% was high. When
comparing the FU sample with the dropouts regarding rel-
evant variables at BL (Online Resource Table 2), we found
no significant differences, indicating that dropouts were
unrelated to systematic differences in initial symptom sever-
ity. Only one individual stated that they refused to partici-
pate because of subjective cognitive improvement.

Finally, it has to be stressed that all of the analyses pre-
sented were of exploratory nature and have to be interpreted
accordingly. This limitation is a characteristic of most of the
current scientific literature on PCS and not restricted to this
specific study. Based on results of these exploratory studies,
future studies could be able to define clear hypotheses that
then will be investigated in confirmatory hypothesis testing.

A strength of our study is that we extensively assessed
cognitive performance in five cognitive domains and sev-
eral neuropsychiatric symptoms in a well-defined group
of individuals with PCS, including the PCS time criterion,
in a longitudinal design six months after BL assessments.
This approach allowed us to analyze the trajectory of PCS
symptoms in a within-subject design, improving the validity
of our findings and statistical power. Moreover, since most
people with COVID-19 experienced a mild infection [17],
explicit knowledge of this specific population about PCS
and its trajectory over time is highly relevant.

The current results underline the necessity of developing
preventive and therapeutic strategies in PCS and other viral
infections [23]. Damiano et al. [23] highlight the necessity
to educate health managers and health professionals finding
appropriate ways to deal with the topic of cognitive impair-
ment following viral infections by cognitive rehabilitation
techniques or therapeutic agents. A fundamental first step is
that general practitioners should take cognitive complaints
of patients after viral infections seriously, regardless of
acute infection severity. Easy and uncomplicated pathways
of referral to neuropsychologists should be established to
not only diagnose but also to treat cognitive impairments.

Therapeutic strategies should be based on comprehen-
sive (neuro)psychological diagnostic and could include psy-
chotherapeutic treatments to tackle psychiatric symptoms
as well as cognitive training interventions for rehabilitating
cognitive performance [48, 55, 56]. Meta-analyses show
that cognitive trainings are effective in improving cogni-
tion in individuals with mild cognitive impairment [57, 58].
These trainings could be used to specifically target cognitive
functions that persist to be impaired over time, as well as
booster improvements in those that slowly remit. However,
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they still have to prove to be effective in this specific patient
group. There is a number of ongoing trials to test rehabili-
tation of psychiatric and cognitive symptoms of PCS [59].

Further interdisciplinary research should focus on more
extended FU periods in larger samples, including all stages
of initial disease severity considering factors that might have
negative impact on cognition like sleep disorder, anxiety,
depression and fatigue. This procedure is necessary to learn
more about trajectories of subjective and objective cognitive
impairment and the neuropsychiatric characteristics of PCS
and their complex interaction. Additionally, longitudinal
intervention studies with regular FU for specific risk groups
and symptomatic clusters are the foundation for developing
effective and standardized treatment programmes for indi-
viduals suffering from PCS [50].

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00406-
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