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Untreated if unrecognized: A cognitive profile of sustained subjective executive
dysfunctions in COVID-19

Bob O. de Groota, Chiara Bisernia, Anselm B. M. Fuermaiera , and Stefanie Enriquez-Gepperta,b

aDepartment of Clinical and Developmental Neuropsychology, University of Groningen, The Netherlands; bDepartment of Biomedical
Sciences of Cells and Systems, University Medical Center Groningen, Groningen, The Netherlands

ABSTRACT & STATEMENT OF IMPACT
SARS-COV-2 infection can result in acute and long-lasting cognitive complaints, causing ongoing
impairments in daily life which poses a challenge to society. Consequently, the evaluation and
characterization of cognitive complaints, specifically in the domain of executive functions (EFs)
affecting daily life, is imperative in formulating an effective neuropsychological response.
In total 442 participants aged 18–65þ years from the Netherlands, Germany, Mexico, and Spain
were included in an online questionnaire. Among others, the questionnaire consisted of demo-
graphics, the Behavior Rating Inventory of Executive Functioning for Adults (BRIEF-A), measures of
subjective disease progression severity and experienced subjective impairment in daily activities.
To assess whether daily life activities are affected by EF impairments, the main BRIEF-A composite
score (GEC) was analyzed. To determine whether disease-related COVID-19 factors predict EFs
complaints in daily life, a stepwise regression analysis was performed with i) experienced disease
severity, ii) time since disease, and iii) health risk factor as predictors.
The study revealed noteworthy differences in the occurrence of EFs problems in daily life between
both groups, as indicated by the GEC, which exhibited a medium effect size even 6 months post-
COVID-19 diagnosis even in mild disease progression. The scores of the BRIEF-A subscales follow a
domain-specific profile, and includes clinically relevant impairments in: Working memory,
Plan/Organize, Task Monitor, Shift, which are affected by the experienced severity of the disease.
This cognitive profile has important implications for targeted cognitive training in rehabilitation
and has the potential for an applicability to other viruses as well.
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Introduction

COVID-19, which is caused by the SARS-CoV-2 virus, man-
ifests itself in most cases as a mild to moderate respiratory
illness. However, neurological manifestations such as dizzi-
ness, headaches, and moreover neurocognitive problems can
occur and may persist beyond the initial illness (Aghagoli
et al., 2021; Asadi-Pooya & Simani, 2020; Liguori et al.,
2021). “Long COVID,” “brain fog” or “post-COVID 19 syn-
drome” are in the media spotlight, and these symptoms
have also been officially defined by the World Health
Organization (WHO) as post-COVID-19 syndrome.

Although the main focus has been on acute medical
treatment, the shift to long-term consequences such as
fatigue, muscle weakness and neuropsychological sequelae
are becoming increasingly important in the current research
(Huang et al., 2021). Little is known however, about which
cognitive problems are experienced, and how these persist
over time in formerly infected individuals. Nor is it known
to what extent they affect occupational, psychological and
daily life (e.g., Burdick et al., 2021). This knowledge is,

however, urgently needed to prepare and test an appropriate
neuropsychological response, evaluation and treatment, and
inform newly arising post-COVID-19 clinics (e.g., the
University of Michigan Health Post Covid-19 Clinic). The
present study fills current research gaps by examining spe-
cific cognitive complaints from the affected person’s per-
spective, which manifest themselves in everyday life and are
experienced as resulting in impairments in functioning. We
aim to present a cognitive profile associated with individuals
reporting a post-COVID-19-syndrome, specifically focused
on the role of executive functioning.

Executive functions (EFs) are a particularly important cogni-
tive domain, as they play a crucial role in everyday functioning,
as well as in academic and occupational success (Ramos-Galarza
et al., 2019). EFs are essential for controlling thoughts and behav-
ior and are described as higher cognitive functions that control
lower processes such as attention or memory (Karr et al., 2018;
Miyake et al., 2000; Stuss, 2011). EFs enable people to deal with
new situations and problems that arise in everyday life (Brugess
& Simons, 2005), and thus contribute to a controlled behavioral
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response when automatic routine behavior is not effective. In
turn, disruptions in EFs have a major negative impact on func-
tioning in everyday life.

Disease mechanisms

To understand the effects on cognition, COVID-19 specific fac-
tors such as neurotropic and neurotoxic effects are examined,
and potential mechanisms of action underlying both acute and
long-lasting effects are explored (Islam et al., 2020; Mehandru
and Merad 2022). Neurotropic and neurotoxic effects of SARS-
CoV-2 are reported as direct or indirect infiltration pathways to
the brain (Asadi-Pooya & Simani, 2020; Butler & Barrientos,
2020; Chen et al., 2020). Severe COVID-19 infection can trigger
a complex inflammatory response that can lead to a cytokine
storm, releasing pro-inflammatory cytokines that seem to act as
key mediators in cognitive impairment (Alnefeesi et al., 2020;
Cothran et al., 2020). In contrast, it has been proposed that the
underlying pathophysiology of long-COVID is a persistent state
of low-grade infection (Islam et al., 2020; Mehandru and Merad,
2022). As a more severe infection has been associated with cogni-
tive impairment and specifically in domains such as working
memory (Alnefeesi et al., 2020; Cothran et al., 2020); it can be
expected that this association also exists for executive functioning
as we have conceptualized it in the current study.

The role of disease severity and executive functioning

Neuropsychological complaints have previously been docu-
mented in severe cases of respiratory failure, such as acute
respiratory distress syndrome (ARDS) resulting from infection
by coronaviruses. For example, chronic memory impairment
was observed in a review of ARDS reports (Riordan et al., 2020).
Regarding COVID-19, it is estimated that ARDS occurs in 42%
of COVID-19 patients with pneumonia (Gibson, Qin & Puah,
2020). Neuropsychological effects on EFs are also reported in
connection with the previous coronaviruses such as SARS and
MERS in a meta-analysis of 72 studies (Rogers et al., 2020). In
another observational series of 58 COVID-19 patients with
ARDS admitted to the ICU, 70% experienced neurological
symptoms such as agitation and confusion, and a further 33%
developed dysexecutive syndrome on discharge from hospital
(Helms et al., 2020). Burdick et al. (2021) investigated the fre-
quency, severity and profile of cognitive impairment in patients
recovering from prolonged COVID-19 hospitalization (n¼ 57)
who required intubation and mechanical ventilation. The major-
ity were found to have mild forms of cognitive impairment,
mainly in the areas of attention and executive functions. Similar
findings were reported in a large-scale study by Hampshire et al.
(2020), which included more than 84,000 hospitalized partici-
pants who were ventilated, non-hospitalized individuals who
received help due to breathing problems, and patients without
breathing problems. In this study, cognitive deficits were
observed even when age, gender, education level, preexisting
medical disorders, fatigue, depression and anxiety were con-
trolled for. Regarding persistence, Miskowiak et al. (2021)
reported cognitive impairment in daily life functioning for at
least 3 or 4 months after hospital discharge for 80% of their

sample (N¼ 29), with EFs and verbal learning being the most
impaired. In all these severe cases and courses, it must be
emphasized that hypoxia and hypoxemia seem to play an
important role in the development of cognitive dysfunction
(Riordan et al., 2020).

In general, the reported outcomes for long-lasting cognitive
dysfunction, including executive deficits, are also consistent
with the outcomes for cognitive deficits in survivors of other
critical illnesses (Norman et al., 2016; Rothenh€ausler et al.,
2001). Critical illness is thereby characterized by factors such
as calculated risk of death, duration of ventilatory support and
length of stay in the intensive care unit. Persistent cognitive
deficits and slow recovery are observed, for example, in major
surgery, after carotid and cardiac surgery for ARDS, and in
general intensive care (Heyer et al., 2002; Hopkins et al., 1999;
Jackson et al., 2003; Moller et al., 1998; Newman et al., 2001;
Rothenh€ausler et al., 2001; Sukantarat et al., 2005). It seems
therefore likely that the risk of long-lasting cognitive dysfunc-
tion increases with the severity of the disease.

A crucial question in post-COVID-syndrome is whether
persistent cognitive impairments can occur even in mild
courses that negatively affect daily functioning over a signifi-
cantly long period of time (Del Brutto et al., 2021; Ferruci
et al., 2021). Initial studies and anecdotal reports from
rehabilitation clinics confirm this assumption. For example,
non-hospitalized COVID-19 patients showed mild impair-
ments in sustained attention (Zhou et al., 2020), similarly,
subclinical cognitive impairment in memory and attention
was found in mild-to-moderate COVID-19 (N¼ 18) (Woo
et al., 2020). Furthermore, there is evidence that even
asymptomatic COVID-19 patients show cognitive deficits in
tasks such as perception, naming and fluency (Amalakanti
et al., 2021). Among these cognitive domains, problems and
disruptions in EF are frequently mentioned. For instance,
executive dysfunction in particular has been found to persist
for at least 98 days after acute COVID-19 symptoms in non-
hospitalized patients (Hellmuth et al., 2021).

The above-mentioned findings on the effects of COVID-
19 on cognition even in milder cases underline the need for
further research to investigate whether and what limitations
are experienced in everyday life due to cognitive impair-
ments. A focus on EFs is warranted, given its relevance for
tasks in everyday life.

The current study

To capture the actual behavioral manifestations of executive
functioning complaints experienced in daily life, the current
study utilizes subjective measures in individuals indicated
previously being infected with COVID-19. The current study
focuses on the subjective assessment of cognitive complaints
in daily life. Regularly used clinical screening instruments
(e.g., MMSE) are likely not sensitive enough to capture the
subclinical yet debilitating cognitive deficits that are at the
focus of this study. In order to recognize, identify and
appropriately develop treatment of cognitive impairments in
everyday life, the subjective assessment of EFs is informative
and relevant.
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Methods

Participants and recruitment

In this online study, a total of 530 participants were
recruited. Data collection took place between February and
July 2021. This original sample consisted of 429 female and
100 male participants, with one participant falling into the
“other” category. Within this sample, 350 participants
declared having had COVID-19, and a healthy control group
of 180 participants declared never having had COVID-19.
Recruitment of all groups was done using convenience sam-
pling, by posting on social media (Instagram, LinkedIn, a
Facebook Group with ±21,000 members), and by distribut-
ing the questionnaire via acquaintances. The survey was fur-
ther distributed through a Dutch group of individuals who
had recovered from COVID-19. In addition, flyers were dis-
seminated among general practitioners, medical staff in a
hospital and via other healthcare professionals that handed
out the flyers among individuals with COVID-19. The study
was spread via general practitioners and acquaintances, most
notably in The Netherlands, Germany, Mexico, and Spain,
and was translated into the corresponding languages.
Informed consent was obtained from all participants of the
study before the questionnaire was presented. Participants
who did not give their consent or who did not enter a
response, were excluded from the analyses. Participants were
not (financially or otherwise) compensated for their partici-
pation. The study has been approved by the Ethics
Committee of the Department of Psychology and is con-
ducted in accordance with the Declaration of Helsinki.

Assessment battery
A set of already established and adapted (neuro)psycho-
logical self-report instruments were compiled and named
“Groninger Neuropsychological COVID-19 Test battery
Cognitive Complaints (CoCo-19)” using Qualtrics. Five
domains were used for in the test battery: demographics,
functional outcome, neuropsychological, personality and
psychological (the General Anxiety Disorder-7 questionnaire
(GAD-7, Spitzer et al., 2006) for anxiety, the Beck’s
Depression Inventory (BDI: Beck et al., 1996) for the assess-
ment of depressive symptoms). Taking the total length of
the test battery into account, an effect of fatigue and diffi-
culty with concentration was considered. In fact, the most
relevant neuropsychological questionnaires were located in
the first half of the questionnaire to avoid such effects. The
questionnaire was available in five different languages, using
available official translations if possible. If these were not
available, items were translated by native speakers of the
corresponding language.

Inclusion and exclusion criteria
Entries in the dataset were excluded from the analyses if
informed consent was not answered or not given, if they
were hospitalized and if their completion time was unrea-
sonably low (e.g., only logging in for a few seconds, then
closing the questionnaire). We excluded hospitalized

patients from our study due to the limited sample size,
which did not allow for statistical analysis. In addition,
participants who showed invalid responses on the BRIEF-
A were excluded from the analysis: a negativity score � 4,
infrequency score � 3 or an inconsistency score � 8
(Roth et al., 2005).

Importantly, participants who did not fully complete the
questionnaire were not automatically excluded from the analysis.
Given the nature of the subject being studied (i.e., cognitive dys-
function; lack of concentration; fatigue), and the length of the
questionnaire (>60min), it cannot be expected of all participants
to complete the questionnaire entirely. To avoid a bias toward
less severely ill patients, not all incomplete responses were
deleted per se, but were included in the analyses after manually
and individually assessing them for validity (i.e. screening the
response patterns for reporting bias such as unreasonably
extreme scores). All participants who gave informed consent and
at least completed the questionnaire until the final BRIEF-A
questionnaire were included into the main analysis.

Procedure
Upon accessing the Qualtrics link, a choice between five lan-
guages was presented. After selecting their preferred lan-
guage, the objective of the study was presented followed by
the informed consent. Once informed consent was com-
pleted, demographics were assessed. Besides age, gender, liv-
ing situation, preexisting conditions and medication intake,
participants were asked whether they had been diagnosed
with COVID-19. If participants indicated having been diag-
nosed with COVID-19, further questions were asked about
date of diagnosis, inpatient stay, experienced disease severity
of the disease and related medication intake. Medication
intake was not further specified.

Measures of experienced COVID-19 disease severity
Of the participants who indicated having been infected with
SARS-CoV-2 in our sample, 329 (62.1%) indicated
experiencing symptoms that they perceived as typical for
COVID-19. Moreover, 26 (4.9%) participants reported being
hospitalized following their COVID-19 diagnosis. Notably,
164 (30.9%) participants reported making use of medications
for their COVID-19 symptoms. Our reliance on self-report
of this information, provides the risk that participants are
unaware that they have been infected with SARS-CoV-2 due
to an asymptomatic disease course.

As a measure of severity in our analyses, subjective dis-
ease progression severity and experienced subjective impair-
ment of daily activities were measured. Participants assessed
their disease progression severity on a slider from 1 to 100
(i.e., “Please rate the severity of your disease course.”).

Self-reports on executive functions
The standardized measures Behavior Rating Inventory of
Executive Functioning for Adults (BRIEF-A) was used to
assess subjective EFs in daily life (Roth et al., 2005). The
BRIEF-A consists of 75 items, which are subdivided into
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nine non-overlapping theoretically and empirically derived
clinical subscales: Inhibit, Self-Monitor, Plan/Organize, Shift,
Initiate, Task Monitor, Emotional Control, Working
Memory, and Organization of Materials. Additionally, three
validity scales are included. In the items of the BRIEF-A,
participants subjectively rate their perceived complaints in
situations where EFs are used. Based on these clinical sub-
scales, three composite measures can be derived: Global
Executive Composite (GEC); Metacognition Index (MI);
Behavioral Regulation Index (BRI). The GEC is a grand
summary score of all items, and reflects general executive
functioning. A higher score indicates more difficulty in gen-
eral EFs (for further information see the BRIEF-A interpret-
ive report or manual). A summary of Cronbach’s Alpha of
the BRIEF-A scales in this study are found in Table 1. To
compute the T-scores, the healthy control group of the study
was used as a reference (t¼ 50). Doing so, we make use of a
comparison group which was recruited within the same
(unstandardized) context to allow for valid comparison. The
use and comparison of T-scores allows for an indication of
the clinical relevance of these effects in daily life functioning,
with higher scores indicating more complaints. In the cur-
rent context, we conceptualize a substantially lower score
compared to our comparison group as subjectively reported
mild cognitive impairment. The BRIEF-A includes a proxy
version, which was not administered in the current study.

Statistical analysis

The raw dataset was imported from Qualtrics, and was
imported into SPSS. Each language provided a separate data-
set, which were merged into our main dataset. IBM SPSS
Statistics version 27 (IBM SPSS Statistics, New York, NY,
United States) was used for performing statistical analyses.

Group differences between the COVID-19 group and con-
trol group in BRIEF-A scores
To test in our main analysis whether daily life activities are
affected due to problems in executive functioning in individuals
who suffered from COVID-19 compared to subjected reporting
never having had COVID-19, the main composite score (GEC)
was analyzed with an independent t-test assessing the GEC com-
paring the two groups (COVID and Non-COVID). In all the
mentioned analyses, p-values below 0.05 were judged significant.
In addition, raw test scores of all nine clinical subscales were

transformed into T-scores for visualization of the clinical rele-
vance for each participant. Higher scores on (subscales of) the
BRIEF-A represent more reported complaints.

Predicting executive dysfunction in daily life with disease-
related factors
To test whether disease-related COVID-19 factors contribute
as predictors for EF complaints in everyday life, as an
exploratory analysis a stepwise regression analysis was per-
formed with the three predictors (i) experienced disease
severity, (ii) time since disease, and (iii) risk factors for
exactly those subscales that showed the largest group differ-
ences. Assumptions for regression were assessed for viola-
tions (e.g., linearity, normality, homogeneity, independence
of observations), using Q-Q plots and tests (Casewise diag-
nostics and Durbin-Watson test); no violations were found.
A correlational analysis was used to assess multicollinearity,
multicollinearity requirements were regarded with bivariate
correlations below 0.7 (Mukaka, 2012). All statistical
analyses were carried out using SPSS version 27.

Results

Final participant sample

The actual sample consisted of N¼ 442 participants (n¼ 84
male, n¼ 358 female). Within this sample, 296 participants
reported having had COVID-19 and a healthy control group
of 146 participants reported never having had COVID-19
before. Both groups differed significantly (F¼ 14.85, p <

.001) regarding their mean BDI-scores (COVID-19:
M¼ 12.91, SD ¼ 7.29; Control: M¼ 8.54, SD ¼ 10.97)
which both are considered as minimal depression. Figure 1
shows the relation between the two groups and scores on
BDI scores. The sample included 255 Dutch, 154 German,
22 Spanish, and eleven English speaking participants. The
largest age groups within this sample were ages between 18
and 29 (n¼ 121; 27.4%), and ages between 50 and 64 years
(n¼ 129; 29.2%). Some participants suffered comorbid
health problems as is reported in Table 2, of which heart
attack, diabetes, obesity, hypertension, stroke were consid-
ered as health risk factors for COVID-19. Participants
reporting at least one of these health problems were identi-
fied as having a health risk (Table 3).

Table 1. Summary and description of the BRIEF-A subscales in the current study.

Scales Description Cronbach’s alpha

Global Executive Composite (GEC) Overarching summary score of all scales .967
Metacognition Index (MI) Reflecting ability to initiate, problem-solve, sustain

WM, plan and organize problem solving ideas,
monitor success or failure and organizing
materials and environment

.921
Initiate
Working memory
Plan/Organize
Task monitor Capturing ability to maintain regulatory control of

behavioral and emotional responsesOrganization of materials
Behavioral Regulation Index (BRI) .957
Inhibit
Shift
Emotional control
Self-monitor
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COVID-19 severity and executive functions

In our main analysis, we assessed the relationship between
subjective COVID-19 disease severity and EFs for the
main summary score. First, as expected the independent
samples T-test on the GEC scale scores of the BRIEF-A
between the COVID-19 group (M¼ 130.89, SD¼ 26.80)
and the control group (M¼ 113.05, SD¼ 26.65) showed a

Figure 1. Scatterplot visualizing distribution of BDI scores and BRIEF-A GEC scores.

Table 2. Sample characteristics.

COVID-19 group Control group Full sample

Characteristics n % n % n %

Gender Female 258 87.2 100 68.5 358 81.0
Male 38 12.8 46 31.5 84 19.0

Age ranges (in years) 18–29 52 17.6 69 57.3 121 27.4
30–39 64 21.6 18 12.3 82 18.6
40–49 76 25.7 15 10.3 91 20.6
50–64 96 32.4 33 22.6 129 29.2
65 or older 8 2.7 11 7.5 19 4.3

Highest educational qualification Less than highschool degree 1 .3 7 4.8 8 1.8
Highschool diploma 11 3.7 6 4.1 17 3.8
Education/Apprenticeship 95 32.1 27 13.7 115 26.0
Study without degree 26 8.8 27 18.5 69 12.0
Bachelor’s degree 76 25.7 40 27.4 116 26.2
Master’s degree 50 16.9 19 13.0 69 15.6
Doctorate 37 12.5 27 18.5 64 14.5

Employment status Employed, working 1–39 h per week 165 55.7 44 30.1 209 47.3
Employed, working 40 or more hours per week 45 15.2 22 15.1 67 15.2
Self-employed 16 5.4 9 6.2 25 5.7
Full-time student 18 6.2 40 27.4 58 13.1
Part-time student 0 0 0 0 0 0
Househusband/housewife 3 1.0 7 4.8 10 2.3
Not employed, looking for work 4 1.4 7 2.7 8 1.8
Not employed, not looking for work 2 .7 14 2.7 6 1.4
Retired 11 3.7 14 9.6 25 5.7
Not able to work 32 10.8 2 1.4 34 7.7

Previous psychological or neurological disorder Yes 43 14.5 13 14.5 56 12.7
Intake medication for (psychological) disorder Yes 54 18.2 13 8.9 72 16.3
Health issues Diabetes 8 2.7 4 2.2 12 2.7

Obesity 36 13.1 10 6.1 46 10.4
High blood pressure 27 8.3 8 5.6 35 7.9
None 225 75.7 123 84.2 348 78.7

Table 3. Characteristics of the COVID-19 group.

n %

Diagnosed with SARS-CoV-2 Yes 296 67.0
Loss of taste and/or smell and/or fatigue Yes 279 94.3
Medication against COVID-19 conditions Yes 136 45.9

M SD

Severity of disease coursea 59.46 24.23
Days since COVID-19 diagnosis 175.68 126.96

APPLIED NEUROPSYCHOLOGY: ADULT 5



significant difference with a medium effect size t(345) ¼
5.779, p < .001, d ¼ .667). Participants who have been
infected with COVID-19 scored significantly higher on
the GEC than healthy control participants (Figure 2).

To visualize the statistical effect on the composite score
GEC, disease severity is subdivided into the increasing
degrees of severity: benign, mild and severe according to
the cutoff scores of the severity percentage slider: <24%,

25–74% and 75%>, respectively. These three severity
groups were then plotted against the T-scores of each of
the nine subscales of the BRIEF-A, see Figure 3. From
this radar chart it can be observed that (1) the scores of
the BRIEF-A subscales follow a domain-specific profile,
(2) and seem to be affected by the experienced severity of
the disease. Clinically relevant impairments are observed
in four subscales: (1) Working Memory, with differences

Figure 2. Violin plots of the composite score GEC per age decade. Shown is the mean as well.

Figure 3. Radar chart showing T-scores of BRIEF-A domains according to disease severity and relative to the healthy control group of the study. The radar shows
the distribution of scores on the BRIEF-A according to the disease severity for all nine clinical subscales: Inhibit, Self-Monitor, plan/organize, Shift, Initiate, Task
Monitor, Emotional Control, Working Memory, and Organization of Materials. Scores are transformed into T-scores, using the non-COVID group (yellow) as the refer-
ence. A T-score of 50 indicates the average of the healthy control group, T-scores below 50 indicate poorer performance than controls. The severity of the disease is
subdivided into benign (blue), mild (orange) and severe (gray).
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of 1–1.5 SD compared to Controls, (2) Plan/Organize, (3)
Task Monitoring for which only the severe group scores 1
SD higher than Controls and (4) Shifting for which the
severe group scores almost 1 SD higher than the controls.

Predicting functional outcomes in post-COVID participants
To allow for prediction of the most affected subscales of
the BRIEF-A (Working Memory, Plan/Organize, Task
Monitor, and Shift see Figure 1), four stepwise linear
regressions were conducted only for the COVID-19 group
with each subscale as an outcome variable. The factors
included into the models were (1) disease severity, (2) days
since diagnosis (3), and general risk factors (i.e. heart
attack, diabetes, obesity, hypertension, stroke as mentioned
above). In all four stepwise regressions (Working Memory,
Plan/Organize, Task Monitor, and Shift as outcome varia-
bles), severity was a significant predictor. In the following,
we report the regression models to predict the most
affected subscales.

In the first regression analysis, disease severity signifi-
cantly predicted scores on the Shift scale of the BRIEF-A
(b ¼ .234, p < .001). Risk factors and days since diagnosis
variables were excluded from the model due to their mar-
ginal predictive value. However statistically significant (F(1,
226) ¼ 13.095, R ¼ .234, p < .0001)), the fitted regression
model had a small effect size (R2

adj ¼ .051), meaning
severity explained 5% of the variance in the Shift subscale
scores.

In the second regression analysis using the Plan/Organize
subscale, disease severity significantly predicted scores on
the Plan/Organize scale (b ¼ .212, p < .0001), with a small
effect size significant fitted regression model (F(1, 226) ¼
10.596, R ¼ .212, R2

adj ¼ .041, p ¼ .001). Again, risk fac-
tors and time since diagnosis were excluded from the
model. Severity predicted 4% of the variance in the
Planning/Organization scale.

In the third regression, Task Monitor was predicted by
disease severity as the only significant factor (b ¼ .205, p <
.001, F(1, 226) ¼ 9.883, R ¼ .205, p ¼ .002). Severity pre-
dicted around 4% of the variance in the Task Monitor scale
(R2

adj ¼ .038).

Discussion

The present study investigated subjectively reported cogni-
tive impairment in everyday life in people with previous
COVID-19, focusing on EFs in a representative large sample
of 529 predominantly female participants of a wide range of
ages (18–65þ years), education level and employment status.
The findings indicate that individuals reporting an infection
with COVID-19 continue to experience notable and clinic-
ally significant subjectively reported mild cognitive
impairment in daily life functioning even after 6 months
post-diagnosis, as compared to their healthy counterparts.
Closer inspection reveals a specific cognitive profile for EF
complaints, with clinically relevant subjectively reported
mild cognitive impairments in working memory, planning

and organization, shifting and task monitoring, which are
related to the experienced severity of COVID-19 symptoms.
An exploratory analysis assessing predictors for the subject-
ively reported mild cognitive impairments focused on dis-
ease-related variables such as (1) disease severity, (2) time
since diagnosis and (3) risk factors for a severe disease
course, found that only disease severity explained approxi-
mately 5% of the variance. This provides a small but statis-
tically significant contribution toward predicting subjectively
reported mild cognitive impairments. In the following, the
clinically relevant cognitive profiles of EFs are discussed, fol-
lowed by a detailed discussion of disease-related predictors
of subjectively reported mild cognitive impairment. This sec-
tion concludes with a discussion of limitations and implica-
tions for further studies and applications.

Persistent and specific cognitive impairments Post-
COVID

The cognitive effects on everyday life revealed a specific
profile, with the greatest effects on the domains of working
memory, planning and organizing, task monitoring and
shifting abilities. Quantification of this cognitive profile
shows that individuals diagnosed with COVID-19 report
one standard deviation more EF-complaints compared to
the control group. People with a previous COVID-19
report clinically relevant subjectively reported mild cogni-
tive impairment in terms of switching between activities,
shifting attention, retaining information in daily life tasks,
evaluating one’s performance, and tracking one’s behavior
or that of others. These symptoms were moreover reported
an average of 6 months after diagnosis, suggesting that
cognitive symptoms appear to persist over a longer period
of time and do not return to a previous state once the
infection has cleared, as also suggested by Nalbandian et al.
(2021) and Yong (2021).

The results of the study also show that severity and
duration of acute symptoms, as disease-specific factors,
predicted EF complaints to only a small extent. As the
pattern of long COVID mechanisms may differ from that
of the severity of acute SARS Cov-2 infection (Islam et al.,
2020; Mehandru and Merad, 2022), it is interesting for
further studies to include other medical objective factors
for the prediction of cognitive problems in everyday life.
Monitoring of structural measures or enzyme markers
may play a role, as alterations in brain structure (Douaud
et al. 2022) and dysfunctional inflammatory processes in
cerebrospinal fluid (John et al., 2020) have been reported
in individuals with post-COVID-19 and impaired cogni-
tion. Additionally, an already infected immune system or
an altered immune response to (respiratory) viruses in
general could present as predispositions to consider in
long COVID.

The reasons for a specific cognitive profile of subjectively
reported mild cognitive impairment may on the one hand
reflect a specific impact of the virus on specific brain net-
works underlying specific cognitive functions. Previous
research already indicated cognitive complaints after
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COVID-19 to exhibit an executive pattern (Becker et al.,
2021). On the other hand, a specific cognitive profile of
impairments may be due to a pattern of subjective reporting
in our sample. Possibly, cognitive problems are not per-
ceived at all or are simply classified as less relevant for the
functioning of daily life. We therefore suggest interpreting
the identified profile as a pattern of most relevant affected
domains of disturbed EFs in tasks of daily life, rather than
as an objective cognitive profile following COVID-19.

Is the cognitive profile specific for COVID-19?

The introduction of the clinical case definition by WHO
(ICD-10 codes (U09) and ICD-11 codes (RA02), is an
important step to better understand the condition after
COVID-19, and to take appropriate action. Similarly to post
infection fatigue described after Ebola virus, Epstein-Barr
virus and cytomegalovirus (Moldofsky & Patcai 2011; Hicki
et al., 2006), the question arises whether cognitive com-
plaints are specific to COVID-19 or could be the conse-
quence of a preexisting immune response due to another
(viral) infection (Crook et al., 2021). An alternative explan-
ation for the effects that were observed in our study, could
be more general long-term effects after a (respiratory) viral
infection of different viruses, too, and represent rather a
long-influenza than long-COVID syndrome. There is some
evidence that (for example) the Influenza-A virus can cause
alterations in cognition (Beraki et al., 2005). In order to
form projections for COVID-19, a recent review listed sev-
eral viral agents that have shown to affect cognition
(Damiano et al., 2022). Although discussing how different
viruses may affect cognition and relate to our results is
beyond the scope of this study, its effects could be taken
into account in future research. Nonetheless, the official rec-
ognition of post-COVID-19-syndome offers the opportunity
to scientifically understand possible neglected cases as well
as more obvious and severe ones.

Limitations

It is important to consider certain limitations. Firstly, the
disease severity scale used in this study is subject to poten-
tial rating discrepancies, since participants self-rated the
severity of their disease using a scale from 0 to 100. As a
result, reported individual differences in severity scores may
not accurately reflect the actual objective severity of disease
symptoms, and could be largely independent of them. This
means, for example, that two people suffering from the
same disease symptom will give different severity ratings.
Furthermore, people can be completely unaware of their
asymptomatic disease course, which could unjustly have
placed them in the comparison group. Future research
should aim to combine objective disease data with these
subjective measures to discover and understand possible
associations.

It is important to recognize that this survey study,
which utilizes preexisting groups, is primarily observa-
tional in nature and thus does not enable making any

causal conclusions regarding the effects of COVID-19 on
EFs. In this respect, groups may differ in many more vari-
ables, here for instance regarding age and depression con-
gruent with the commonly assumed multifactorial model
of post-COVID health complaints. Thus we explicitly do
not control for differences in aspects of health and func-
tioning (e.g., depression), because this may distort the
true nature of the groups and thus invalidate group com-
parisons. Future studies on larger and well-defined sam-
ples are needed that allows a thorough investigation of
the role of comorbid health complaints preexistent to the
COVID-19 infection (Ng et al., 2022).

Finally, as our sample clearly shows a bias toward
women, our findings need to be interpreted against this
background and possible conclusions for, e.g., disease man-
agement between men and women need to be considered
(Regitz-Zagrosek, 2012). Another point to consider in this
regard is that several studies have shown that a severe
COVID-19 course is more common in men (Jin et al., 2020;
Vahidy et al., 2021). Effects for sex were lost in our analyses,
since there was not accounted for the bias toward women in
our sample. Further research should take into account
effects for sex on COVID-19 outcomes (Gebhard et al.,
2020; Meng et al., 2020; Vahidy et al., 2021).

Implications and future directions

Long-lasting subjectively reported mild cognitive impairment
following COVID-19 infection appears to be linked with a
decline in daily functioning in a significant proportion of
the population. It is important to emphasize that the
observed subjectively reported mild cognitive impairment in
daily life functioning does not only occur in the most
severely ill patients, but that even individuals with relatively
mild symptoms can experience persistent cognitive impart-
ments that affect their daily lives.

The herewith identified profile of subjectively reported
mild cognitive impairment has the potential to provide
insights leading to the development of a cognitive training
program in rehabilitation settings. Utilizing cognitive train-
ing programs may aid individuals in recovering form
COVID-19 related mild cognitive impairments and allow
them to return to their work or education, thereby facilitat-
ing the restoration to their daily life functioning. The cogni-
tive profile as proposed in the current study provides insight
that can help the development of a targeted cognitive train-
ing, which takes into account an individual’s specific cogni-
tive strengths and weaknesses (Vanderlind et al., 2021).
Furthermore, the identification of individual profiles
together with possible objective data can give the practi-
tioner a comprehensive diagnostic report of which functions
are intact, which have declined and which are covered by
compensatory mechanisms. Importantly, even the least
severe disease group also showed a mild cognitive impair-
ment, which corresponds with previous literature that not
only the most severe COVID-19 cases experience long-term
cognitive decline. This is important to consider for policy
makers in order to ensure adequate access to services for all
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affected people. A next step also includes the identification
of predictors of these post-acute disease problems.

The concept of a cognitive profile of persistent mild cog-
nitive impairment found in COVID-19 could also be
another test case for persistent cognitive impairment follow-
ing other viruses, e.g., influenza, which have been less in
focus so far. Pending further replication of such cognitive
profiles in COVID-19 and other viruses, long-lasting com-
plaints in these groups of people should be further explored
to allow for development of personalized treatment.
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