Ez/ rijksuniversiteit
frns groningen

The effect of Long-COVID on memory, working

memory, and attentiveness and its predicting

power on quality of life and functional activity,
tested in an online study

Karlotta von Bormann

Master Thesis — Applied cognitive neuroscience

S5177022

February 2024
Department of Psychology
University of Groningen
Examiner/Daily supervisor:

Jaroslav Krc



A thesis is an aptitude test for students. The approval of the thesis is proof that the student
has sufficient research and reporting skills to graduate but does not guarantee the quality of
the research and the results of the research as such, and the thesis is therefore not
necessarily suitable to be used as an academic source to refer to. If you would like to know
more about the research discussed in this thesis and any publications based on it, to which
you could refer, please contact the supervisor mentioned.



Abstract
COVID-19 remains an important topic as research on Long-COVID continues to improve/expand and
the severity and impact on people's health becomes clearer. This study was conducted to further
study the neurocognitive impairments of Long-COVID patients and the effect on the quality of life
and daily functional activity. 530 people took part in the study, 271 of whom were included in the
data analysis. The participants took part in an online study consisting of 17 questionnaires covering
demographics, functional outcomes, neuropsychological, personality, and psychological domains.
The participants were divided into two groups: A group of participants who had been infected with
SARS-CoV-2 at least once (n = 185) and a control group (n = 86). To assess the impact of Long-COVID
on cognition, the composite scores of the Working Memory Questionnaire (WMQ) and the
forgetfulness and distractibility scale of the Cognitive Failure Questionnaire (CFQ) were used for
analysis. In addition, two regression analyses were performed to assess the impact of cognitive
deficits on quality of life and functional activity using the WHO-Quality of Life Questionnaire
(WHOQol) and the Functional Activity Questionnaire (FAQ). The results show that Long-COVID
participants have significantly worse scores on the WMQ, CFQ forgetfulness and CFQ distractibility
scales than the control group. The severity of disease progression influences the severity of cognitive
impairment, as more severely affected participants showed more severe impairment. Furthermore,
WMQ, CFQ forgetfulness and CFQ distractibility scores significantly predicted WHOQoL and FAQ
scores, with WMQ being the strongest predictor. These results emphasize the extent of symptoms
suffered by long-term COVID patients.
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Cognitive functions

Executive functions, memory, and attention

To live an organized and structured life, people need the ability to manage time and behavior,
make decisions, solve problems, inhibit impulses. These so called “executive functions” (EF) are top-
down cognitive processes that are responsible for planning, organizing, coordinating, and controlling
our behavior (Diamond, 2013).

Executive functions can be divided into hot and cool functions. Hot EF imply the skills to
regulate and manage the behavior and cognitive processes in an emotional setting - crucial for social
interactions (Salehinejad et al., 2021). Cool EF refer to all executive functions that are not specifically
important in an emotional situation. Examples would be working memory, shifting, focusing,
planning, inhibition, and so on. (Salehinejad et al., 2021). Working memory (WM) describes the
ability to store information in the short-term memory while completing other tasks (Baddeley, 1992).
WM is important for following a task with multiple steps, staying focused, doing two tasks at the
same time, solving problems, and simply memorizing or recalling things (Bergman-Nutley &
Klingberg, 2014; Colom et al., 2010; Ding et al., 2019; Gathercole et al., 2008).

Executive functioning relies on more simple processes like motor control or attention and
more difficult attention processes rely on good executive functioning. Attention, which describes the
process to focus and concentrate on specific elements while ignoring others, is fundamental for some
executive processes, like WM: In order to store information while completing other tasks, one has to
focus on task-relevant stimuli and ignore distractors (Awh et al., 2006; Fougnie, 2008). WM capacities
on the other hand influence distractibility and mind wondering (Kane et al., 2007).

Attention is also important for memory, as attention abilities decide over memory encoding
and retrieval (Chun & Turk-Browne, 2007; Moen et al., 2017). Memory describes the process of
acquiring, storing, retaining, and retrieving information.

This paper will focus on working memory, memory, and attention/attentiveness.



The testing of cognitive functions

There are various ways to test the individual’s strengths and weaknesses of cognitive
functions. Standardized tests or test batteries are commonly used. The Wisconsin Card Sorting Test,
Stroop Test, N-back test, Go/No-Go tasks, and Trail Making Test measure different domains of
executive functioning.

For testing attention capacity, the Attention Network Test as well as the Stroop Test or Trail
Making Test are suitable. The Stroop test for example measures selective attention, cognitive control,
and processing speed (Scarpina & Tagini, 2017), which points out the interaction between the various
cognitive processes. To test memory functions, memory span or recall tasks are recommended. The
Wechsler Memory Scale or Digit Span Test are examples of objective tests.

Depending on which aspect of EF, attention, and memory one wants to measure, different
tests are used. To really get a complete understanding of the executive functioning of an individual,
you need to measure multiple aspects of EF, select the tests carefully and assess the same aspect
with multiple tests. Otherwise, the score on an EF task will be polluted by non-systematic and
systematic non-EF variance. This problem is called the impurity problem (Snyder et al., 2015).

Apart from standardized tests or test batteries, subjective assessment strategies like
guestionnaires, interviews or reports from patients or their relatives are commonly used. Subjective
assessments also gain of importance, since objective tests cannot capture the individual suffering
(Hess et al., 2020). The Behavior Rating Inventory of Executive Function®—Adult Version (BRIEF-A) for
example is a self-report questionnaire to measure EF. Nine domains of EFs are queried: Inhibit, Shift,
Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/Organize, Task Monitor, and
Organization of Materials. Another way of subjectively testing EFs is with the working memory
guestionnaire (WMQ).

Disturbance of cognitive functions in different patient groups

Impairments of cognitive functions, like impulsive behavior, focusing problems, poor planning

and organizing, poor memory, and so on, have been found in various patient groups. Patients with

neurological disorders like traumatic brain injuries (Azouvi et al., 2016; Mathias & Mansfield, 2005)



and Parkinson’s disease (Campos-Sousa et al., 2010; Poliakoff & Smith-Spark, 2008; Zgaljardic et al.,
2006) exhibit problems with executive functions, memory, and attention, as well as
neurodevelopmental disorders like ADHD (Fuermaier et al., 2015; Xie et al., 2020). ADHD patients for
instance encounter problems with inhibition, impulsivity, planning, and working memory (Doyle,
2006; Kofler et al., 2018; Schoechlin & Engel, 2005).

Psychiatric disorders like Schizophrenia (Thai et al., 2019; Zalla et al., 2004), substance use
disorder (Clark et al., 2017; Smith et al., 2014), or PTSD (Lagarde et al., 2010; Moradi et al., 1999) also
show impairments in the domain of cognitive functions.

Physical damage to the brain, neurodegenerative processes and neurotransmitter imbalances
can be responsible for the symptoms in these patient groups. Research has shown that impaired
executive functions are associated with damage or alterations in the frontal regions (Picton et al.,
2007; Rubia et al., 2001; Salehinejad et al., 2021), which will be discussed in more detail in the next
chapter.

Cognitive functions and the role of the brain

The main area of the brain that is associated with EFs is concentrated in the frontal regions,
especially the prefrontal cortex (PFC) (Bechara et al., 2000; Mazzola-Pomietto et al., 2009;
Panikratova et al., 2020; Picton et al., 2007; Stern et al., 2000). Executive functions root from frontal
lobe activity and maturation (Durston et al., 2006; Moriguchi & Hiraki, 2009), meaning that with the
development of the frontal lobe, cognitive and executive abilities develop and strengthen.

The prefrontal regions interact with other regions to perform EFs, including the thalamus
relaying sensory information within a thalamocortical network (Hwang et al., 2017; Hwang et al.,
2020; Sherman & Guillery, 2002). Within this network especially the mediodorsal thalamus is
associated with working memory and further EF (Hwang et al., 2020; Mitchell et al., 2015; Perakyl3,
et al., 2017).

Another brain region involved in forming and maintaining EFs is the Hippocampus. While the

Hippocampus is generally known for its role in memory (Barker & Warburton, 2011; Bird & Burgess,



2008), it has been found to play a role in working memory and processing speed (O'Shea et al., 2016;
Toepper et al., 2010).

Attention has been associated with the PFC (Paneri & Gregoriou, 2017), the parietal lobe (Yin
et al., 2012), thalamus (Ivanov et al., 2010), and so on. Furthermore, it has been found that executive
functioning and attention processes work together in the PFC (Johnson et al., 2007).

Damage to the brain can lead to impairments in executive functions. Injuries, viruses, or
illnesses can harm the central nervous system and therefore harm the cognitive abilities. The 2019
discovered respiratory coronavirus SARS-CoV-2 is one of many viruses that can affect the CNS (Proust
et al., 2023). SARS-CoV-2 is responsible for over 6.9 million deaths since the beginning of the
pandemic (World Health Organization, n.d.) and is still an ongoing topic in our society. Since the
literature on the effect of SARS-CoV-2 on executive functions is still sparse, this paper will provide

more and new information about the effect of COVID-19 on cognitive functions.

SARS-CoV-2

How SARS-CoV-2 infects the brain: Direct ways

Even though SARS-CoV-2 mostly affects the respiratory system, some COVID-19 patients
complain about neurocognitive symptoms such as headaches, dizziness, impaired consciousness,
fatigue, and so on (Mao et al., 2020; Wang et al., 2020), indicating neurological manifestations. This
means that the virus can infiltrate the brain and disrupt the central nervous system. There are various
ways for the virus to invade the brain directly: It can enter through the olfactory pathway via the
olfactory bulb, where it gets transported via the olfactory nerve (Burks et al., 2021). It can enter
through the blood-brain-barrier (BBB), in two different ways: The virus can lead to endothelial cell
dysfunction which alters the blood-brain-barrier integrity (Alquisiras-Burgos et al., 2021; Reynolds &
Mahajan, 2021; Zhang et al., 2021) or the virus can infect immune cells (Pontelli et al., 2020),
“without production of the infectious virus but preserving infectivity” (Percivalle et al., 2021, p. 15).
Therefore, the cell can cross the BBB without getting recognized as a virus (Trojan horse mechanism)

(Zubair et al., 2020).



How SARS-CoV-2 infects the brain: Indirect ways

SARS-CoV-2 can also influence the brain in an indirect way. Inflammation, hypoxia, and
demyelination are indirect ways of influencing and damaging the brain. The virus can cause an
inflammatory response, that leads to a release of pro-inflammatory cytokines (Huang et al., 2020),
which in turn can alter and disrupt the BBB permeability and make the entry of the virus into the
brain possible (Alexopoulos et al., 2020; Erickson et al., 2021; Perrin et al., 2021). Neuroinflammation
(Pilotto et al., 2021), such as Encephalitis (Benameur et al., 2020; Perrin et al., 2021), is the result.

Another indirect way for the virus to invade the brain is through hypoxia. Hypoxia describes
low levels of oxygen in tissues and is found in COVID-19 patients (Alhusain et al., 2021; Yao et al.,
2020). A hypoxic state in the brain can facilitate cell death (Feng et al., 2012; Oh et al., 2017) and
break down the BBB permeability (Halder & Milner, 2020; Yang & Rosenberg, 2011). Furthermore,
hypoxia is pro-inflammatory which can cause a hypoxia-induced neuroinflammation (Mukandala et
al., 2016; Sapin et al., 2015).

Furthermore, invasion of the SARS-CoV-2 in the brain can cause demyelination (Ismail &
Salama, 2022) and changes in the brain structure (Douaud et al., 2022): Douaud studied the brains of
401 participants, before and after their infection with COVID-19. Changes such as a reduction of grey
matter thickness in the orbitofrontal cortex and parahippicampal gyrus or reduction in brain size were

groundbreaking findings of the study. Cognitive decline was found to be a consequence.

The effect of SARS-CoV-2 on coghnitive functions

Some patients that have recovered from COVID-19 continue to show symptoms, including
cognitive deficits and impairments of executive functions (Beaud et al., 2021; Ghosh et al., 2020;
Helms et al., 2020). This so called “post-acute COVID-19 syndrome" describes clinical symptoms that
last for more than four weeks after the onset of the illness (Nalbandian et al., 2021). The “Post-acute
COVID-19 syndrome” can fade out or manifest in a “Post-COVID-19 condition” also known as “Long-
COVID”. The “Post-COVID-19 condition”, is defined as “the continuation or development of new

symptoms 3 months after the initial SARS-CoV-2 infection, with these symptoms lasting for at least 2
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months with no other explanation” (World Health Organization, 2022). It has been found that 10 to
20 % of COVID-patients develop long-COVID (World Health Organization, 2022).

The symptoms of Long-COVID are multifaceted: Fatigue, shortness of breath, (chest) pain,
and loss of smell and taste are some of the main symptoms Long-COVID patients are facing
(Kayaaslan et al. 2021; Peter et al., 2022; Petersen et al., 2021). But neurocognitive impairments,
anxiety, depression, and sleep problems are burdening the patients as well (Kayaaslan et al., 2021).
Neurocognitive complaints like “brain fog”, attention, concentration, memory and especially working
memory problems are common (Asadi-Pooya et al., 2022; Cui et al., 2023; Espinar-Herranz et al.,
2023; Peter et al., 2022). De Groot et al (2023) found that long-COVID patients had the most severe
impairments in working memory, across different levels of severity of disease progression. Tested
cognitive impairments in COVID-19 hospitalized patients correlated with subjective complaints and
quality of life (Delgado-Alonso et al., 2022; Miskowiak et al., 2021).

These neurocognitive symptoms affect the people’s ability to work (Davis et al., 2021;
Miskowiak et al., 2023), do their daily routine and overall quality of life (Miskowiak et al., 2023;
Tabacof et al., 2022). Certain individuals even have to quit their job or cannot go back to work due to
the presence of impairments (Davis et al., 2021). Additionally, it has been shown that risk for
cognitive deficits remained elevated for COVID-19 patients two years after acute infection (Taquet et
al., 2022), which demonstrates the magnitude of Long-COVID. Fatigue also has a big influence on the
quality of life (Vélez-Santamaria et al., 2023) and on the daily life (Nielsen et al., 2022) in long-COVID
patients.

The reason behind these impairments might be the invasion of the SARS-CoV-2 into the
central nervous system: The entry of the virus through the olfactory bulb (olfactory pathway) can lead
to hypometabolism of nearby brain regions (Donegani et al., 2021), that are responsible for cognitive
functions like working memory (Luck et al., 2010) or attention switching (Varjacic¢ et al., 2018). Studies
also link hypometabolism in limbic/paralimbic regions in COVID-19 patients with cognitive deficits

(Gued;j et al., 2021).
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Once the virus has invaded the brain, multiple regions are affected from it. It has been found
that SARS-Cov-2 can infect the amygdala, cerebral cortex, brainstem, temporal and frontal cortex, and
other brain regions (Gagliardi et al., 2021; Lukiw et al., 2022; Serrano et al., 2021). Especially the
frontal cortex is found to be invaded (Toniolo et al., 2021): Studies showing frontal hypometabolism
in COVID-19 patients that experience new cognitive disruptions (Delorme et al., 2020) and white
matter lesions in frontal regions being linked to cognitive deficits in post-acute patients (Andriuta et
al., 2022).

Another way of influencing cognitive functions could be through neuroinflammation (Lyra E
Silva et al., 2022; Zhou et al., 2020). It has been shown that neuroinflammation in COVID-19 patients
can lead to cognitive deficits, like attention, information processing, verbal fluency, and working
memory deficits (Mazza et al., 2021). Hypoxia and hypoxemia (low levels of oxygen in the blood) is
associated with executive, memory, and attentional impairments in post-COVID patients (Dondaine et
al., 2022; Garcia-Grimshaw et al., 2022).

Since the pandemic was a challenge for the whole world, factors like psychological stress can
also lead to cognitive impairments (Ali Awan et al., 2021). The stressful environment that the
pandemic created, was associated with cognitive complaints, and increase in depression and anxiety
(Fiorenzato et al., 2021). The illness itself led to an increase in psychological complaints (Mazza et al.,
2020) and to an increased suicide risk. A meta-analysis found that suicidality can be a symptom of
Long-COVID, with a prevalence of 2% (Patel et al., 2022). Anhedonia, stress, anxiety, and depression
are increased (Frontera et al., 2021; Lamontagne et al., 2021) and linked to cognitive impairments in

COVID-19 patients (Brown et al., 2022; Delgado-Alonso et al., 2022).

Moreover, it has been observed that the severity of the course of the illness correlates with
the severity of cognitive complaints (Ariza et al., 2023; Ollila et al., 2022; Vannorsdall et al., 2022).
An online study of de Groot et al. (2023) examined how COVID-19 influences executive functions and
impairments in the daily life by comparing a healthy control group with participants that were

infected with COVID-19. Executive functions were assessed using the BRIEF-A inventory, among
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others. Results show that there is a significant difference in the self-reported cognitive impairments
between the control and the COVID-19 group, even after six months of the acute illness. The COVID-
19 group significantly exhibited more executive dysfunctions than the control group in the domains of
working memory, planning, and organization, shifting and task monitoring. Furthermore, these
impairments correlate with the disease severity. Shockingly, even participants that experienced a mild
disease severity exhibited cognitive impairments.

This paper uses the same data set as de Groot's et al. (2023) and analyses new hypotheses. To
confirm the findings of the executive and cognitive impairments of long-term COVID patients,
working memory, memory, and attention performance and the associated quality of life and
functional activity are analyzed. Three hypotheses will be tested and discussed in this paper:

1. The Long-COVID group differs significantly in working memory, memory, and attentiveness
from the healthy control group, tested with the Working Memory Questionnaire, Cognitive
Failure Questionnaire forgetfulness scale, and Cognitive Failure Questionnaire distractibility
scale.

2. There is a significant difference between the three severity groups within the Long-COVID
group in working memory, memory, and attentiveness, with the severe group showing the
worst scores. This hypothesis is tested with the same three questionnaires.

3. Working memory, memory, and attentiveness abilities predict quality of life and functional
activity for the Long-COVID group, tested with the WHO-Quality of Life questionnaire and

Functional Activity Questionnaire.

Methods:

Participants and Recruitment
530 participants between the age of 18 and 65+ took part in this study. 429 participants of
the sample were female, 100 were male and one participant stated to be in the category “other”. The

experimental group consisted of 350 participants that have been infected with the SARS-CoV-2 virus
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(Long-COVID group) and the control group consisted of 180 participants that reported never been
infected with the virus (Control group).

Ethics approval was obtained from the Ethics Committee of the Department of Psychology
before recruitment began.

Participants were recruited through advertisement in social media (Instagram, LinkedIn,
Facebook), word of mouth advertisement, and flyers in hospitals and other health care facilities.
Furthermore, groups of people that have recovered from the SARS-CoV-2 drew attention to the study.
General practitioners and acquaintances recruited participants in the Netherlands, Germany, Mexico,
and Spain. The language of the questionnaire was adopted to the language of the participants.
Assessment battery

In this study an online questionnaire called the “Groninger Neuropsychological COVID-19 Test
battery Cognitive Complaints (CoCo-19)” was used which was developed by de Groot et al. (2023). It
consisted of demographics, functional outcome, neuropsychological, personality and psychological
domains. The questionnaire was published on the website Qualtrics. In total, 17 questionnaires were
included in the CoCo-19, but only 10 were used for the statistical analysis in this paper. For an
overview of the questionnaires used in the analysis and their Cronbach’s alpha, see table 1.

For the main analysis the WHO Quality of Life questionnaire (WHOQol), the Functional
Activity Questionnaire (FAQ), the Working Memory Questionnaire (WMQ) and the Cognitive Failure
Questionnaire (CFQ) were used. These questionnaires assess life outcome and neuropsychological
domains.

e The WHOQol-bref is a 26-item questionnaire (a short form of the original WHOQol), created
by the World Health Organization to assess the quality of life in the domains of physical
health, psychological, social relationships, and environment. It has good to excellent validity
and reliability scores (Skevington et al., 2004; The WHOQOL group, 1998). Higher scores

equal more quality of life. In this paper it is referred to as WHOQol.
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e The FAQ s a 10-item questionnaire assessing performance of daily tasks and activities, with
good validity and reliability (Gonzalez et al., 2022). Lower scores equal to more independence
in daily tasks and activities and higher scores equal to impaired function and possible
cognitive impairment.

e To test working memory the WMQ was utilized, which assess the domains short-term
storage, attention, and executive control of working memory. Studies found good internal
consistency, excellent test-retest reliability, and acceptable construct validity (Aksoy et al.,
2022; Vallat-Azouvi et al., 2012). Lower scores indicate less working memory impairments.

e Finally, the CFQ, designed by Broadbent et al. (1982) assesses absent-mindedness. Three
domains are tested in the questionnaire: forgetfulness, distractibility, and false triggering,
which could be summarized under the domains of memory, attention, and “control of
thought or action” (Bridger et al., 2013; Broadbent et al., 1982, p. 1). It is found to have a
good test-retest reliability (Bridger et al., 2013). Lower scores predict better attentiveness,
memory, and control of thought or action.

As shown in table 1, each questionnaire used in the analysis has at least an acceptable up to excellent

reliability.



Table 1

Description of the questionnaires of the “CoCo-19” and their Cronbach’s alpha level

15

Domain

Category

Questionnaire

Abbreviation

Cronbach’s alpha

Life Outcome

Neuropsychological

Psychological

Quality of Life
Functional
Activity
General Cognition

Working memory

General Health

Sleep

Distress

Depression

Anxiety

Fatigue

Quality of Life
Functional Activity
questionnaire
Cognitive Failure
Questionnaire
Working memory
questionnaire
Positive and
Negative Affect
Schedule
Pittsburgh Sleep
Quality Index
Kessler Psychological
Distress Scale
Beck’s Depression
Inventory

Generalized Anxiety

Fatigue Severity

Scale

WHOQoL
FAQ

CFQ

wWMQ

PANAS

PSQl

K-10

BDI

GAD-7

FSS

.924
.925

.946

.969

Positive: .863

Negative: .867

.834

.859

.848

.851

.954

Note. For calculating the Cronbach’s alpha of the PSQl, only the questionnaire items five until

eighteen were used.

In- and exclusion and final sample

Out of the 530 participants, 259 participants were excluded from statistical analyses for not

filling out completely the WMQ, WHOQoL, FAQ, CFQ, PANAS, BDI, GAD-7, FSS, and the K-10. Next,

participants with an unreasonably short questionnaire completion time were checked for reporting
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bias with the BRIEF-A validity scale. No more participants were excluded. Hospitalized participants
were left in the sample since they completed the questionnaire.

The remaining 271 participants were divided into two groups: The experimental group that
consisted of Long-COVID participants (n = 185) and the control group that consisted of healthy
participants (n = 86). Table 2 illustrates the distribution and frequencies of the main demographic
data of the COVID and the non-COVID group. Participants had to give their informed consent, before

starting with the questionnaire.



Table 2

Characteristics and demographics of the 271 participants

Characteristic Long-COVID Healthy Full
n % n % n %
Gender
Female 160 86,5 50 58,1 210 77,5
Male 25 13,5 36 419 61 22,5

Age ranges (in years)

18-29 38 20,5 36 41,9 74 27,3
30-39 33 17,8 8 9,3 41 15,1
40-49 44 23,8 7 8,1 51 18,8
50-64 64 34,6 25 29,1 89 32,8
65 or older 6 3,2 10 11,6 16 5,9
COVID-diagnosis 185 100 . . 185 68,3
Typical COVID symptoms 175 94,6 . . 175 64,6
Severity group “benign” 18 9,7 . . 18 6,6
Severity group “mild” 108 58,4 . . 108 39,9
Severity group “severe” 58 31,4 . . 58 21,4

Highest completed

education
Less than high school . . 1 1,2 1 4
diploma
High school diploma 4 2,2 . . 4 1,5
Education/ 52 28,1 7 8,1 59 21,8

Apprenticeship

Study without degree 23 12,4 22 25,6 45 16,6
Bachelor’s degree 49 26,5 27 31,4 76 28,0
Master’s degree 29 15,7 9 10,5 38 14,0
Doctorate 28 15,1 20 23,3 48 17,7

Employment status
Employed, working 1— 97 52,4 23 26,7 120 44,3
39 h per week
Employed, working 40 29 15,7 13 15,1 42 15,5
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or more hours per

week
Self-employed 14 7,6 6 7,0 20 7,4
Full-time student 14 7,6 20 23,3 34 12,5
Househusband/ 3 1,6 3 3,5 6 2,2
housewife
Not employed, looking 2 1,1 2 2,3 4 1,5
for work
Not employed, not 2 1,1 4 4,7 6 2,2

looking for work

Retired 6 3,2 14 16,3 20 7,4
Not able to work 18 9,7 1 1,2 19 7,0
Procedure

The CoCo-19 was available in Dutch, German, Spanish, English, and French. The questionnaire
was available online on Qualtrics and the data collection took part from the end of January 2021 until
beginning of January 2022.

The questionnaire started with an informed consent, where the participants learned about
the procedure and aim of the study. They were then asked about their age, gender, living situation,
previous illnesses, medication, and previous COVID-19 infection. In case of a previous infection with
SARS-CoV-2, participants were questioned about date of diagnosis, disease severity, related
hospitalization, and related medication intake.

The first domain tested was life outcome. Life outcome was assessed using the FAQ, followed
by the WHOQoL. Next, neuropsychological strengths were then measured using the ASCDQ, followed
by the BRIEF-A, CFQ, FEDA, FLEI and the WMAQ. Personality scores were determined using the NEO-
FFI. Psychological domains were assessed with the BDI, followed by the FSS, GAD-7, K-10, PANAS,

PSQl, SF-12 and finally UCLA. To finish the questionnaire, it took around 30 minutes.
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Statistical design

The 271 participants were divided into two groups: The experimental group that consisted of
Long-COVID participants (n = 185) and the control group that consisted of healthy participants (n =
86). Furthermore, the Covid group was divided in three severity groups. In the questionnaire, the
participants could indicate how severe their course of the disease was on a scale from one to
hundred. Participants that picked a number between one and 24 were arranged in the “benign”
severity group, participants selecting numbers between 25 and 74 were arranged in the “mild” group
and participants selecting numbers between 75 and 100 were arranged in the “severe” group. For the
data analysis SPSS software (Version 29.0.1.1 (244)) was used.

Three hypotheses will be tested and discussed in this paper. The first hypothesis states that
the long-COVID group differs significantly in working memory, memory, and attentiveness from the
healthy control group. Working memory will be tested with the working memory questionnaire,
memory will be tested with the CFQ forgetfulness scale, and attentiveness will be tested with the CFQ
distractibility scale. The composite scores of each participant for each questionnaire will be calculated
and the means will be compared with each other in a t-test of independent samples. To assess the
normality assumption, the Kolmogorov-Smirnov test will be applied.

For second hypothesis the composite scores of the same questionnaires will be compared
between the three severity groups of the Long-COVID group in a one-way ANOVA. A Holm-correction
for multiple comparison correction will be conducted.

The third hypothesis states that working memory, memory, and attentiveness predict the
quality of life and the functional activity for the long-COVID group. For that analysis two separate
forward stepwise linear regression analysis will be conducted. The composite scores of the quality of
life questionnaire (WHOQol) and the functional activity questionnaire (FAQ) will serve as dependent
variables and the composite scores of the WMQ, CFQ forgetfulness, and CFQ distractibility will be
used as predictors. The aim is to identify the most relevant predictors and understand their

contributions to the quality of life and functional activity for Long-COVID participants.
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Apart from the hypotheses, basic descriptive statistics will be conducted. Since seven mean
scores of seven questionnaires will be tested, a Holm-correction of alpha will be conducted due to

multiple testing. For every analysis, significance was attributed to p-values below 0.05.

Results

Assumption for normality for the data of the QoL, WMQ, CFQ, FSS, BDI, GAD-7, PANAS-
positive, PANAS-negative, PSQI, K-10, and the FAQ was checked using the Kolmogorov-Smirnov-test.
The file was split into Long-COVID participants and healthy participants. Only the data of the CFQ for
the COVID and the Control group, the PANAS positive for the Control group and the PSQl for the
COVID group were normally distributed. Since most of the data was not normally distributed, non-
parametric tests will be used for further analysis.

Firstly, the median and the interquartile range for the psychological tests were evaluated and
compared between the COVID-group and the healthy group. The statistical comparison was executed
by the Mann-Whitney-U test since the data is not normally distributed. Assumptions for the Mann-
Whitney-U test were met. The experimental group differs significantly from the control group in every

psychological questionnaire, see table 3.
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Table 3
Comparison of the psychological questionnaires between the Long-COVID and the control group,

carried out using the Mann-Whitney U test

Questionnaire Long-COVID Control group p
Mdn IQR Mdn IQR
FSS 53.00 20.50 21.00 21.00 <.001
BDI 33.00 11.00 24.50 11.00 <.001
GAD-7 11.00 5.00 10.00 6.00 .003
K-10 21.00 8.00 14.00 9.00 <.001
PANAS positive 26.00 12.00 32.50 10.25 <.001
PANAS negative 15.00 8.00 11.50 8.00 .001
psal 31.00 12.00 23.00 8.25 <.001

Note. In the PANAS positive two times the word “excited” appeared by accident.

Note. For the PSQl only questions five until 18 were used for analysis.

Comparison of the COVID-group and Control group in working memory, memory, and attentiveness

To test the first hypothesis, that the long-COVID group differs significantly in working
memory, memory, and attentiveness from the healthy control group, three Mann-Whitney-u tests
were conducted. To test if the two groups differ significantly in working memory, the composite
scores of the WMQ were used. Results showed that the Long-COVID group exhibited significantly
higher scores in the WMQ (Mdn = 83.00, /QR = 43.00) than the control group (Mdn = 45.50, IQR =
23.00) with a p-value of <.001, U = 2913.00 and a large effect size (r»=0.51).

For comparing the performance in attentiveness and memory, the composite scores of the
forgetfulness and the distractibility CFQ domain were used. Results showed that the Long-COVID
group exhibited significantly higher scores in the CFQ forgetfulness (Mdn = 24.00, /IQR = 11.00) than

the control group (Mdn = 18.00, /IQR = 6.00) with a p-value of <.001, U = 4039.50 and a medium effect
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size (r»= 0.39). Regarding the distractibility domain, the COVID-group exhibited significantly higher
scores (Mdn = 20.00, IQR = 8.00) than the control group (Mdn = 16.00, IQR = 7.00) with a p-value of
<.001, U =4646.00 and a medium effect size (r»=0.33).
Comparison of the severity groups

To test the second hypothesis, which states that there is a significant difference between the
means of the three severity groups of the Long-COVID group in the WMQ, CFQ-forgetfulness and
CFQ-distractibility, a Kruskal-Wallis test and a Dunn test (1964) for pairwise comparison were
conducted. The severity groups were divided in benign, mild, and severe.

For the Working memory questionnaire, the distribution of scores differed significantly in the
three severity groups, H(2) = 21.93, p = <.001. The effect size, eta squared (n?), was 0.11, indicating a
moderate effect. When taking a closer look at pairwise comparisons, severity group “benign” differs
significantly from severity group “mild” (p = .007), severity group “benign” differs significantly from
severity group “severe” (p = <.001) and severity group "mild” differs from severity group “severe” (p =

.004). For an illustration, see figure 1.
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Figure 1

Comparison of the WMQ composite scores medians between the severity groups
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For the forgetfulness domain of the Cognitive Failure Questionnaire, the distribution of scores
differed significantly in the three severity groups, H(2) = 12.00, p = .002. The effect size, eta squared
(n?), was 0.05, indicating a small effect. Pairwise comparisons showed that severity group “benign”
did not differ significantly from severity group “mild” (p = .077), severity group “benign” differed
significantly from severity “severe” (p = .004), and severity group "mild” differed significantly from

severity group “severe” (p = .024). For an illustration, see figure 2.
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Figure 2

Comparison of the CFQ forgetfulness composite scores medians between the severity groups
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For the distractibility domain of the CFQ, the distribution of scores differed significantly in the
three severity groups, H(2) = 12.54, p = .002. The effect size, eta squared (n?), was 0.05, indicating a
small effect. Pairwise comparisons showed that severity group “benign” differed significantly from
severity group “mild” (p = .003), severity group “benign” differed significantly from severity “severe”
(p =.001), but severity group "mild” did not differ significantly from severity group “severe” (p =

.444). Therefore, the second hypothesis can be assumed to be true. For an illustration, see figure 3.
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Figure 3

Comparison of the CFQ distractibility composite scores medians between the severity groups
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Predicting the quality of life in COVID-participants

To test the final hypothesis, which states that the scores from the WMQ and CFQ
forgetfulness and CFQ distractibility can predict the scores of the quality of life questionnaire within
the long-COVID group, a forward stepwise regression analysis was conducted. The benefit of a
forward stepwise regression is that it adds a variable that improves the model the most and so the
best predictor is displayed. Assumptions for a regression analysis were met. Items three, four, and 26
were transformed due to negatively phrased items.

The dependent variable for the first regression was the WHOQoL composite score and the
composite scores of WMQ, the CFQ forgetfulness scale, and the CFQ distractibility scale severed as
predictors. To get the data from all independent variables, even if they are not significant, the

stepping method criteria was adjusted. The probability of F was changed from an initial entry value of
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.05 to .98 and from an initial removal value of .10 to .99. This way, also insignificant predictors were
visible in the SPSS output.

To rule out multicollinearity, the variance inflation factor (VIF) was calculated. With the VIF
being at its maximum at 3.185 and the coefficient standard error barely increasing with every
predictor added, moderately correlation of the predictors could be assumed (Daoud, 2017).

The COVID-group exhibited lower WHOQoL scores (Mdn = 80.00, /QR = 18.50) than the
Control group (Mdn = 102.00, /IQR = 15.25), indicating a lower quality of life. Scores of WMQ
predicted quality of life the best, with R? =.399, F(1,183) = 121.400, p = <.001 (model 1). Adding the
CFQ forgetfulness scores to the regression analysis resulted in further explained variance (R? = .401,
F(2,182) = 60.967) but not significantly, p = .398 (model 2). Adding the CFQ distractibility scale to the
analysis the R? increased to .402, F(3,181) = 40.554, however not significant, p = .625 (model 3). In
sum the R? value of the WMQ was .399, indicating that the WMQ scores explained 39,9% of the
variance of the WHOQolL scores. Adding the forgetfulness and distractibility scores did not result in
further explained variance.

Interpreting the ANOVA output, the three models are overall significant (p = <.001), meaning
that there is a linear significant relationship between the dependent variable and independent
variables. But looking at the Coefficients output and at the t-tests, one can clearly see that the only
significant variable is the WMQ, see table 4.

A further regression analysis was carried out in which the composite values of the BDI and
the GAD-7 were added. Now, the predictor explaining the most variance was the BDI (R? = .523,
F(1,183) = 200.261, p = <.001. Adding the WMQ resulted in a R? of .619, F(2, 182) = 147.942, p =
<.001. Adding the GAD-7, forgetfulness and distractibility scale did not result in further significant

explained variance.
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Table 4

Regression coefficients output, with WHOQoL as the dependent variable for the Long-COVID group

Unstandardized

Coefficients

Model Predictors B Std. T Sig.
Error

1 (Constant) 108,523 2,591 41,878 <,001
wMQ -,337 ,031 -11,018 <,001
2 (Constant) 109,742 2,965 37,015 <,001
wMQ -,305 ,049 -6,288 <,001

CFQ forgetfulness -, 158 ,187 -,848 ,398
3 (Constant) 110,067 3,045 36,151 <,001
WwMQ -,297 ,052 -5,751 <,001

CFQ forgetfulness -,111 ,211 -,527 ,599

CFQ distractibility -,103 ,211 -,489 ,625

Predicting the functional activity in COVID-participants

To test if the scores of WMQ, the CFQ forgetfulness scale, and the CFQ distractibility scale
predict the values of the functional activity questionnaire, another forward linear regression was
conducted, with the dependent variable being the composite score of the FAQ. Assumptions for a
regression analysis were met. The FAQ values were transformed so that lower scores represent
independency and higher scores dependency of others in everyday life. The same settings were
retained as in the first analysis. The COVID-group exhibited higher FAQ scores (Mdn = 4.00, IQR =
8.00) than the Control group (Mdn =0.00, IQR = 1.25), which indicates a higher impaired functional
activity.

Just as in the first regression analysis, scores of WMQ predicted best functional activity, with
R?=.487, F(1,183) = 173.959, p = <.001 (model 1). Adding the distractibility scale resulted in further

variance explained (R? = .486) but insignificantly, p = .235 (model 2). Adding the forgetfulness scale
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resulted in further variance explained (R? = .493) but insignificantly, p = .057 (model 3). With the VIF
not exceeding 3.185, multicollinearity could be ruled out.

The ANOVA output indicates that the three models are overall significant (p = <.001) but
looking at the Coefficient output the predictor WMQ is the only one staying significant with every
model, implying that the WMQ is the best predictor for functional activity, see table 5.

Adding the BDI and GAD-7 scores as independent variables, resulted in the WMQ scores still
explaining most of the variance of the FAQ with R? = .487, F(1, 183) = 173.959, p = <.001. Adding the
BDI scores to the regression analysis, led to an increase of R? = .508, F(2,182) = 94.010, p = .006.
Adding the GAD-7, forgetfulness and distractibility scale did not result in further significant explained

variance.

Table 5

Regression coefficients output, with the FAQ as the dependent variable for the Long-COVID group

Unstandardized

Coefficients
Model Predictors B Std. t Sig.
Error

1 (Constant) -6,063 ,947 -6,403 <,001
wWMQ ,148 ,011 13,189 <,001
2 (Constant) -5,520 1,050 -5,257 <,001
wMQ ,162 ,016 9,911 <,001

CFQ distractibility =~ -,081 ,068 -1,192 ,235
3 (Constant) -6,194 1,100 -5,630 <,001
WMQ ,144 ,019 7,718 <,001

CFQ distractibility — -,148 ,076 -1,948 ,053

CFQ forgetfulness ,146 ,076 1,918 ,057
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Discussion

In the present study, an online survey with several questionnaires was conducted in which
the life outcome as well as neuropsychological and psychological domains of 530 participants were
examined, divided into a group of participants that have been infected with the SARS-CoV-2 virus and
a group of participants who never been infected with the virus. 271 participants were included for
the statistical analysis, 185 of them were assigned to the COVID-group and 86 to the healthy control
group. This study investigated if the two groups differed in the domains of working memory, memory,
and attentiveness and furthermore, if the severity of the illness influences the performance of the
domains. Finally, it was investigated whether the three domains, together with measures of
depression and anxiety, could predict quality of life and functional activity.

The performance of memory, working memory, and attentiveness was measured with the
scores of the questionnaires WMQ, the CFQ forgetfulness scale and the CFQ distractibility scale. The
quality of life and functional activity were measured with the questionnaires WHOQolL and FAQ. The
level of depression and anxiety was measured using the BDI and GAD-7.

The results indicate that the COVID-group exhibited significantly more difficulties in the
domains of memory, working memory, and attentiveness than the control group. Furthermore, for
the WMQ, the CFQ forgetfulness scale and the CFQ distractibility the three severity groups benign,
mild, and severe differed significantly from each other, see figure 1 —3,

Testing for the third research question, the regression analysis supports the theory that
impairments in working memory, memory, and attentiveness predicts the quality of life and
functional activity for the COVID-group. In both regression analysis working memory performance

explained most of the variance.

Performance in memory, working memory, and attentiveness and COVID-19

The COVID-group exhibited more working memory deficits, forgetfulness, and distractibility.
Studies testing cognitive functions like working memory, memory, and attention found that COVID-19
patients exhibit deficits in these domains, even months after the acute infection (Delgado-Alonso et

al., 2022; Cui et al.,2023; Jaywant et al., 2021; Mazza et al., 2021).
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Reasons for neurocognitive impairments could be the infiltration of the virus into the central
nervous system. SARS-CoV-2 is able to enter the brain and affect brain areas like the frontal lobe and
the Hippocampus (Andriuta et al., 2022; Delorme et al., 2020; Donegani et al., 2021, Douaud et al.,
2022). Since working memory is mostly associated with the frontal lobes (Panikratova et al., 2020;
Stern et al., 2000), and memory with the Hippocampus (Barker & Warburton, 2011; Bird & Burgess,
2008), the impairments might be due to the infiltration of the virus. In a recent study of Diez-Cirarda
et al. (2023), long-COVID patients underwent neuroimaging and cognitive testing, to determine
possible correlations. It was found that in particular attention and working memory were impaired,
followed by memory. Brain alterations in form of reduced functional connectivity in frontal areas as
well as grey matter alterations in the parahippocampal areas were associated with attention, memory
and working memory impairments. Further studies support the association between memory
impairments and hippocampus alterations in long-COVID patients (Lu et al., 2020) and the virus
affecting hippocampal regions (Douaud et al., 2022; Zorzo et al., 2023).

Furthermore, the neurological processes of neuroinflammation in the Alzheimer disease and
in SARS-CoV-2 are similar (Ortiz et al., 2022), implicating the similar effects of neuroinflammation on
the cognitive decline, like memory impairments. The hippocampus and temporal lobe are especially
affected of the Alzheimer's disease, showing a remarkable similarity between the effect of COVID-19
and Alzheimer's disease on the brain (Zhao et al., 2021).

Literature regarding the influence of the virus on the CNS and resulting attention deficits also
exists: Hypoxemic pneumonia, olfactory dysfunctions, and extensive cerebral white matter alterations
correlated with impairments in attention, vigilance, and memory in COVID-19 patients (Delgado-
Alonso et al.,, 2022; Dondaine et al., 2022; Silva et al., 2021). COVID-19 patients showing
hypometabolism or other alterations in the frontal cortex are also exhibiting attentional dysfunctions
(Kas et al., 2021; Yesilkaya et al., 2021).

Fatigue can have a negative impact on cognitive functions, since it has been associated with

cognitive impairments (Graber et al., 2019; Kinsinger et al., 2010). Since fatigue is one of the main
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symptoms of Long-COVID, it is very likely that it influences memory, working memory, and attention
in a negative way (Bungenberg et al., 2022).
Influence of severity on cognitive impairments

The findings of this study illustrate that the severity of the course of illness of COVID-19 is
associated with the severity of cognitive impairments. The three severity groups benign, mild, and
severe differ significantly in working memory, memory, and attention deficits. This finding replicates
studies that found cognitive impairments for severely affected COVID-19 patients (Ariza et al., 2023;
Ollila et al., 2022; Vannorsdall et al., 2022). Ollila et al. (2022) found that patients that had a more
severe infection exhibited more problems in attention, executive functions, and memory than
patients with a less severe infection. The reason for this could be that the more severe the disease
and the greater the impact of the virus on the CNS, the more pronounced the cognitive impairment:
Studies show that patients with a more severe COVID-19 illness, suffer more from neurologic
manifestations (Liotta et al., 2020; Mao et al., 2020), cytokine storm syndrome (Huang et al., 2020)
and increased inflammation (Henry et al., 2020) and axonal injury (Virhammar et al., 2021), which are
biomarkers of CNS infiltration. Perez Giraldo et al. (2023) found that hospitalized COVID-19 patients
exhibited more markers of inflammation and more deficits in working memory and attention than
non-hospitalized COVID-19 patients.

In this study and the study of de Groot et al. (2023) the cognitive differences of three severity
groups were assessed for Long-COVID patients, which to the best of our knowledge, no study
investigated before. The three severity groups all differ from each other in the working memory
guestionnaire, see figure 1. For the forgetfulness scale, severity group benign differed significantly
from severe and severity group mild differed significantly from severity group severe, see figure 2. For
the distractibility scale, participants with benign severity differed significantly from participants with
mild severity and severity group benign differed significantly from severity severe, see figure 3.

Feng et al. (2020) investigated clinical characteristics in three severity groups (moderate, severe, and

critical) and found that the severe and critical group experienced multiple organ dysfunction,
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impaired immune function, and more lung lobes in contrast to the moderate group in acute COVID-19
patients. Cognitive deficits were not assessed.
Predicting Quality of Life and functional activity

Furthermore, this study sheds light on cognitive impairments predicting the quality of life of
COVID-19 patients. Memory, working memory, and attention deficits predicted the quality of life,
whereas working memory being the strongest predictor with explaining 39.9 % of the variance of
quality of life. The overall quality of life is impaired in COVID-19 patients (Rass et al., 2021). Memory
and working memory deficits were associated with decreased quality of life in COVID-19 patients
before (Miskowiak et al., 2023).

As discussed before, cognitive, and executive functions are necessary to master everyday life.
It has been found that overall cognitive impairments negatively impact the quality of life in different
patient groups (Mitchell et al., 2010), especially memory deficits (Castro-Lionard et al., 2011; Maki et
al., 2014).

In addition, mental problems such as anxiety, depression, and fatigue can also lead to a
reduced quality of life and acts as a mediator between cognitive problems and reduced QoL (Sohrabi
et al., 2009). Since cognitive problems are associated with increased affective symptoms (Hill et al.,
2016) and more quality of life is correlated with less anxiety and cognitive decline (Castro-Lionard et
al., 2011), a meditating role is possible for COVID-19 patients. Méndez et al. (2021) found an
association between impairments in memory, working memory, and anxiety, depression, and trauma
symptoms for hospitalized COVID-19 patients. Rass et al. (2022) found that higher severity, impaired
sleep, and anxiety were associated with reduced quality of life in COVID-19 patients. In this study,
long-COVID participants experienced significantly more fatigue, anxiety, and depression symptoms
than the control group. Adding depression and anxiety as possible predictors to the regression
analysis led to depression being the strongest predictor and explaining 52.3 % of the variance.
Depression, working memory, and anxiety together explained 62.5% of the variance.

Memory, working memory, and attention deficits predicted functional activity as well, with

working memory being the strongest predictor. It has been found that cognitive impairments,
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especially memory impairments, affect the people’s ability to work (Davis et al., 2021; Miskowiak et
al., 2023) and activities of daily living (Jaywant et al., 2024). Overall functional activity is impaired in
Long-COVID patients (Nielsen et al., 2022). Research has revealed that working memory performance
serves as a mediator for everyday functional activity (Borella et al., 2017; Guye et al., 2020), as
working memory training improves functional ability (Cantarella et al., 2017). Looking at the FAQ
individually, most of the activities that are queried require multiple steps and the ability to store
information in the short-term memory while completing other tasks. A reason for working memory
being the strongest predictor might be that the majority of questions querying working memory
skills.

Memory and attention deficits were also found to predict everyday functional activity
(Hyndman & Ashburn, 2003; Nakhla et al., 2022; Schmitter-Edgecombe et al., 2009), since they are
crucial for living a structured and healthy life. Looking at the items of the FAQ, questions like “Paying
attention to, understanding, discussing TV, book, magazine” or “Remembering appointments, family
occasions, holidays, medications” query attention and memory.

Adding depression and anxiety as possible predictors in the regression analysis, working
memory still proved to be the strongest predictor of functional activity, followed by depression.
Limitations and implications

Regarding the limitation, this study did not use a specific questionnaire only for memory and
one for attention, rather two scales of the Cognitive Failure questionnaire were used. It is
recommended to assess memory and attention with questionnaires specifically made to test these
domains.

Furthermore, since the COVID-related questions were asked in the beginning of the
guestionnaire, response bias could be possible. COVID-19 participants may tend to give more
extreme answers than if they had not been asked if they were infected with the virus. Winter and
Braw (2022) found out that recovered COVID-19 patients reported more symptoms when they have

been provided with information regarding the symptoms of Long-COVID prior to the subjective



34

assessment. It is recommended to ask COVID-related questions at the end of the questionnaire next
time.

In general, with the form of assessment being subjective, subjective disease severity can
influence the objectivity, reliability, and validity of the experiment. Subjective complaints do not
necessarily reflect objective complaints. Ceban et al. (2022) pointed out that objective cognitive
impairments and fatigue are more severe than the subjective assessment. This finding just
demonstrates the subjectivity of reporting symptoms. Objective measurements like tests could be
used to avoid subjectivity.

With more than double of COVID-participants than healthy participants, distribution is not
balanced. Also, far more women took part in the study then men. Male COVID-19 patients show to
have a higher severity and mortality than females (Ahrenfeldt et al., 2021; Jin et al., 2020). For future
research, distribution of the two experimental groups should be more equal as well as sex.

Most of COVID-participants were between the age of 50 — 64. Cognitive impairment is
associated with advanced age for Long-COVID patients (Hartung et al., 2022). In contrast, most of the
healthy participants were between the age 18 — 29. Balanced distribution of age in both groups is
recommended.

Conclusion

The current study demonstrated that Long-COVID patients exhibit significant more deficits in
working memory, memory, and attentiveness than a control group. Furthermore, the more severe the
course of the disease, the more the COVID participants showed deficits in working memory, memory,
and attention. Working memory, memory, and attention predicted quality of life and functional
activity for Long-COVID patients, with the working memory being the strongest predictor for both
dependent variables. The results stress the neurocognitive impairments, Long-COVID patients have to
face and the important effect on quality of life and everyday functioning. In addition, the results
provide important implications for the handling of long-term COVID patients in the form of greater
understanding of the extent and duration of symptoms, more support at work, in daily life and in

interpersonal interactions. This paper used the data collected from de Groot et al. (2023).
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Appendix
Checklist

General questions

e Do any of the authors have competing interests? If so, describe these here. If not, answer
“The authors have no competing interests.”

The authors have no competing interests.

e Did you obtain ethics approval to conduct this study? If so, provide the approval (IRB) number
here. If not, explain why ethics approval was not obtained.

PSY-2021-5-0200

e Was the study preregistered prior to data collection? If so, provide a link to a public
preregistration. If not, explain why you did not preregister the study.

No, it wasn’t.

Archiving and accessibility

e Did you archive the data according to the Heymans Data Storage Protocol? If not, explain why
you did not archive the data according to this protocol.

Yes, see the approval study number above.

e Did you make the raw (unprocessed) data publicly available? If so, provide a link to where the
data can be found. If not, explain why you did not make the data publicly available.

No.

e Did you make the experimental and analysis scripts publicly available? If so, provide a link to
where the experimental and analysis scripts can be found. If not, explain why you did not
make the experimental and analysis scripts publicly available.

No.

Interacting with participants

e Was participant data made anonymous such that it cannot be traced back to individual
participants? If so, explain how the data was made anonymous. If not, explain why the data
was not made anonymous.

Data was pseuchonynymized.



65

e Were participants informed about the goal of the study (debriefed) after participating? If so,
explain how participants were debriefed. If not, explain why participants were not debriefed.

The participants were informed about the goal of the study in the very beginning of the
guestionnaire. In order to use their data, they had to give their informed consent.

Sample size and statistical power

e Was the number of participants determined in advance? If not, explain why the number of
participants was not determined in advance.

No, there was no determined number for this questionnaire study in advance. This is the first study in
this direction, and power calculations could not be done, we used a convenience sample and try to
gather as many participants within a specific range of time.

e How was the number of participants determined?

n.a.

e [f applicable, was the number of observations per participant determined in advance? If not,
explain why the number of observations per participants was not determined in advance.

n.a.

o If applicable, how was the number of observations per participant determined?

n.a.

e Did you conduct a power analysis beforehand? If so, provide the statistical power for the
main outcomes. If not, explain why you did not conduct a power analysis beforehand.

See above.

Exclusion of participants and observations

e Were any participants excluded from the analysis? If so, explain why some participants were
excluded.

Since we used eleven questionnaires for the analysis, we wanted to make sure that we have the data
for every of these questionnaires for every participant. So participants that did not fill out these
eleven questionnaires, were excluded from analysis.

e If applicable, were any observations (per participant) excluded from the analysis. If so, explain
why some observations were excluded.

No.
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e Were the exclusion criteria determined in advance? If not, explain why the exclusion criteria
were not determined in advance.

The exclusion criteria were determined as soon as we agreed on which questionnaires to use for the
analysis. There was some discussion about the ASCDQ and the SF-12, and they were later removed
due to their low information value and the structure and coding of the questionnaire. However,
removing the two questionnaires did not change the number of participants.

Reporting
e Were the outcome variables determined in advance?

The outcome variables were determined in advance. However, during the master thesis presentation
there was a very useful and productive discussion and the outcome variable “memory” which was
used to be measured with ASCDQ, was replaced with the CFQ forgetfulness scale.

e Did you report all outcome variables? If not, explain why some outcome variables were not
reported.

Since the ASCDQ was replaced with the CFQ forgetfulness scale, it was not reported anymore. The
reason was that the ASCDQ did not have a high informative value and therefore became redundant.

e Did you clearly identify exploratory analysis in the text? (An analysis is exploratory when the
analysis procedure was not determined in advance

| tested for statistical differences in the psychological questionnaires between the Covid- and the
control group and | added two independent variables in the regression analysis. Both analyses were
not part of the research questions/hypotheses. | am not sure if that is meant by exploratory analysis?



