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2.1Lay Summary
COVID-19 began spreading worldwide in early 2020, becoming a global pandemic in March

2020. In 2023, people are still experiencing difficulties, including fatigue and problems with
thinking, known as cognitive difficulties. Having ongoing symptoms is known as ‘long-
COVID’ or post-COVID-19 syndrome (PCS). People with PCS often describe their cognitive
difficulties as feeling mentally slow, hazy and having poor attention. Cognitive difficulties
affect the ability to remember to carry out tasks, maintain concentration and have

conversations with others, which impacts the daily lives of people with PCS.

Chapter one of this thesis involved summarising the existing research to understand if there is
evidence of links between PCS and cognitive difficulties, especially those related to memory,
attention and the ability to plan, organise and process complex information. This review also
looked at whether other factors such as being in hospital with Covid-19, needing oxygen,
increased anxiety and low mood affected thinking processes. The results showed that people
with PCS had difficulties with their thinking across areas of memory, attention and complex
information processing. Additionally, fatigue, depression and anxiety had a negative impact

on peoples’ thinking abilities.

Chapter Two reviewed information gathered from PCS patients who had attended the Mental
Health after Covid-19 Hospitalisation (MACH) service. The current project aimed to
understand the types of everyday challenges that PCS patients who had been in hospital with
Covid-19 were experiencing, based on their own reports. The clinical assessments of these
patients’ thinking difficulties carried out by MACH were also analysed. The results showed
that this group of patients experienced a range of challenges impacting their daily lives

including carrying out everyday tasks, poorer mental-health and issues with their thinking,



two years after their initial infection with Covid-19. These difficulties were often upsetting
and frustrating. Some individuals displayed poorer performance on tasks of attention,
planning and organising than would have been expected. When their own reports of thinking
difficulties were compared to the results of their clinical assessments, patients were seen to be

aware of some of their difficulties.

The findings of both Chapters showed there are ongoing psychological and cognitive impacts
of PCS on patients’ daily lives two years’ post infection. Research in the future with greater
numbers of participants will allow a better understanding of the cognitive challenges PCS

patients can expect to experience and enable clinical services to be adapted accordingly.



3.1Portfolio Thesis Abstract

Purpose

Chapter one sought to determine whether there is evidence of impairments across the
cognitive domains necessary for goal directed behaviour among individuals with post covid-
19 syndrome (PCS) and the extent to which individual/ clinical variables were associated
with such deficits. Impairments in these areas may underlie prevailing economic decline in
this population. Chapter two sought to examine patients who were presenting with cognitive
complaints to increase understanding of the neuropsychological profile of these individuals
through their self-reported experiences, their objective cognitive assessments and the

relationship between these two assessment areas.

Method

In Chapter one, a systematic search strategy was deployed across the following databases:
PubMed/MEDLINE, Embase, AMED, PsychINFO, NeuroBITE, Google Scholar and
ProQuest Dissertations & Theses. Methodological quality was assessed using the Newcastle-
Ottawa Scale adapted for prospective cohort and cross-sectional studies. Chapter two applied
thematic analysis to the subjective experiences of 21 PCS patients experiencing ongoing
difficulties, alongside their objective cognitive function. Subjective and objective complaints

were subsequently compared via correlational analyses.

Results

Chapter one: Of 5998 articles, 19 studies were included; on average, cross-sectional studies
were rated as ‘moderate’ and cohort as ‘high’ quality. Impairments were observed across
memory, attention and executive function. Individual and clinical differences impacted

cognitive impairment variably; depression, anxiety and fatigue negatively so. Chapter two:



Thematic analysis identified four main themes related to the types of difficulties experienced;
‘functional consequences’, ‘cognitive changes’, ‘new-onset mental-health difficulties’ and
‘frequency of impact’. No significant differences were identified between the overall sample
mean and the normative mean across cognitive domains assessed. However, a pattern of
impaired individual test scores was observed across tests where PCS patients presented with
primary attentional impairments with an executive component. Significant relationships were

observed between subjective complaints of memory and objective cognitive assessments.

Conclusions

The findings of both chapters highlight the ongoing neuropsychological impact of PCS on
patients’ daily lives, up to two years’ post infection. Further research with larger sample sizes
and matched controls would support the identification of the cognitive impacts attributable to

disease pathology, psychological, clinical variables and their relative contribution.
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5.1Systematic Review Abstract

Background: Approximately 80,000 people are economically inactive due to Post Covid-19
Syndrome (PCS) As cognitive domains of attention, executive function (EF) and memory are
necessary for goal-directed behaviour (GDB), impairments across these domains may be
contributing to this reduced workforce. It is unclear whether PCS is associated with cognitive
dysfunction underlying GDB, with methodological issues present in the literature. A
systematic review was conducted to establish whether impairments across domains of
attention, EF and memory are evident using standardised neuropsychological assessments
and to ascertain if individual differences influenced these impairments among PCS patients.
Methods: Systematic searches of databases were conducted up to October 13%, 2022.
Databases searched: PubMed/MEDLINE, Embase, AMED, PsychINFO, NeuroBITE, Google
Scholar and ProQuest Dissertations & Theses. Two reviewers independently assessed full-
text articles according to pre-determined criteria. Methodological quality was assessed using
the Newcastle-Ottawa Scale adapted for prospective cohort and cross-sectional studies. The
review protocol is registered on PROSPERO (CRD42022359349).

Results: Of 5998 articles, 19 studies with 3083 participants were included (mean age = 51.4
years; time from diagnosis/ infection ranged from 3.4 to 10 months). Impairments were
evident across memory, attention and EF. There was varying evidence of individual and
clinical differences impacting cognitive impairment; depression, anxiety and fatigue
negatively influenced cognitive function.

Conclusions: Cognitive domains necessary for GDB are impaired in PCS patients, indicating
that services may offer rehabilitation interventions targeting GDB such as Goal Management

Training to alleviate disability and increase well-being, supporting a return to the workforce.

Highlights:

e Cognitive impairments among PCS participants are evident across the domains of
memory, attention and executive function.
e Fatigue, depression and anxiety exert a negative influence across these cognitive

domains.
e The requirement for supplemental oxygen but not hospitalisation per se, negatively
impacts cognitive function across the domains of memory and attention.

Keywords: Post Covid-19 Syndrome; Cognitive Impairment; Goal Directed Behaviour;
Economic Inactivity; Neuropsychological Assessment; Covid-19
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6.1Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has resulted in 753
million infections and 6.81 million deaths globally as reported by the World Health
Organisation (WHO, 2023). Multi-system manifestations of COVID-19 feature a range of
mild to severe symptoms including fever, cough, loss of taste and smell, shortness of breath,
pneumonia, and multi-organ dysfunction, including impact on the brain (Guan et al., 2020;
Thakur et al., 2021). While most individuals in the community who contracted COVID-19
recovered to premorbid functioning, approximately 12% report ongoing symptoms; a
condition known as Post-Covid-19 Syndrome or Condition (PCS) (European Centre for
Disease Prevention and Control (ECDC, 2022)). PCS can be significantly debilitating, with
considerable deleterious impacts on affected individuals’ quality of life and ability to engage
in the workforce (Malik et al., 2022).

The ability to function independently and indeed, engage in the workforce, requires
complex cognitive processes to allow individuals to plan, organise, initiate, and maintain
their behaviour in pursuit of a goal, integrating feedback and adapting behaviour as needed
i.e., engage in goal-directed behaviour (GDB). Cognitive processes necessary for GDB
include attention, executive functioning and to some extent, memory, while impairments in
these domains can have detrimental effects on one’s everyday functioning across
environments (Benedictus et al., 2010; Biederman & Faraone, 2006; Biederman et al., 2007;
Cullen & Weisz, 2011; Griffiths et al., 2014). Goal-management cognitive rehabilitation
interventions to improve everyday functioning and reduce disability have been successfully
deployed for use in numerous patient populations with impaired GDB and may be useful for
PCS patients (Stamenova & Levine, 2019). However, research thus far has not clearly
established whether PCS is associated with cognitive dysfunctions in GDB. The current study

is a systematic review to synthesise the findings regarding cognitive impairments associated

12



with the cognitive subdomains necessary for GDB, including memory, attention and
executive function (EF) within the context of PCS.

PCS refers to “symptoms persisting for more than 12 weeks and not explained by
another diagnosis” (NICE-SIGN-RCGP, 2021; WHO, 2021). Across the literature, there are
reports of over 50 ongoing symptoms which may fluctuate over time, including
breathlessness, fatigue, anxiety, and cognitive dysfunction (Lopez-Leon et al., 2021;
Michelen et al., 2021). Within a systematic review of 61 studies, the prevalence of any
persistent symptom is reported to be 51% among PCS community samples, increasing to 67%
among those hospitalised (ECDC, 2022), with some individuals reporting impacts up to 12
months’ post-infection (Alkodaymi et al., 2022). The underlying pathophysiology remains
poorly understood, although research has indicated there may be direct and indirect effects on
the central nervous system including neuroinflammation, encephalopathies (Helms et al.,
2020; Nersesjan et al., 2021; Paterson et al., 2020) and stroke (Beyrouti et al., 2020), all with
potential contributions to cognitive functioning. Moreover, there are accounts of elevated
cerebrospinal fluid antibodies and white matter changes in the brains of acute COVID-19
patients and low oxygen levels, again putting individuals at risk for developing cognitive
impairments (Franke et al., 2021; Varatharaj et al., 2020). Irrespective of the mechanisms by
which cognitive dysfunction may occur, COVID-19 appears to occasion long-term
consequences on cognition, occupational and vocational functioning.

In terms of occupational functioning, a marked economic impact of PCS is emerging,
specifically in relation to a reduced workforce with long-term sickness rising fastest among
younger age groups (ONS, 2022). As of July 2022, approximately 80,000 people have
withdrawn from the workforce due to PCS (Reuschke & Houston, 2022). Davis et al. (2021)
reported that of 3,762 individuals with self-reported, persistent COVID-19 symptoms, two

thirds experienced changes in their work schedule, 46% reduced their hours, while 23% were
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no longer working. Critically, in this sample, less than 10% of individuals were hospitalised.
Furthermore, in a systematic review of 13 articles, 13% reported employment consequences
of PCS, with higher rates among those who were hospitalised (Nittas et al., 2022). It is clear
that PCS individuals from both the hospitalised and community populations have experienced
occupational functioning implications, suggesting that post-hospitalisation follow-up will not
adequately capture all individuals requiring support. Specific and specialised healthcare
services are needed (NICE-SIGN-RCGP, 2021; Norton et al., 2021) and some are in
development to address this emerging and unique patient group (NHS England; NHS
Scotland). The planning and development of such services requires an understanding of
appropriate and effective management treatments and interventions.

Interventions targeting goal-directed behaviours such as Goal Management Training
(Levine et al., 2012; Levine et al., 2000; 1. Robertson, 1996) may be beneficial for PCS
patients to improve functioning and meet occupational demands. It is proposed that the ability
of an individual to carry out GDB demands significant input from executive attentional
systems and memory in coordinating thought and action in line with one’s values or aims
(Miller & Wallis, 2009; Shallice & Cipolotti, 2018). Behaviours related to these cognitive
systems include identifying and integrating relevant and complex information, initiating,
planning, organising and adapting strategies to address everyday challenges (Hart & Evans,
2006; Wolf, 2010). Memory processes involved in GDB include the ability to learn new
information, retain relevant information in short-term storages, retrieve germane memories
and remember to carry out future tasks (Buschman & Miller, 2014). In this context, deficits in
the integration of such processes can negatively impact daily functioning. It may be that
impairments across these cognitive domains are contributing to the reduced occupational

functioning seen among individuals with PCS and appropriate interventions targeting goal-
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directed behaviours are required to remediate impairments in these areas and improve
occupational functioning.

Research findings characterising the cognitive profile of PCS is however mixed, thus
recognition of the cognitive domains to target in rehabilitation remain uncertain (Ceban et al.,
2022). On the one hand, for instance, previous reviews suggest significant impairments in
EFs, particularly within the executive element of attention (Ortelli et al., 2021). Impairments
in executive attention, conceptualised as a “top-down” function governed by the ‘cognitive
control network’, are thought to result in the fluctuating cognitive dysfunction and fatigue
reported by PCS patients (Ladds et al., 2020; Petersen & Posner, 2012). Indeed, Ortelli,
Benso, et al. (2022) recently reported a ‘global slowness’ through intraindividual variability
analysis of reaction times on tasks of sustained attention and interference inhibition in PCS
patients, implying dysfunction of the executive attentional system. In contrast to these
findings, several studies have demonstrated normal cognitive function in PCS patients. For
instance, in a sample of PCS patients with mild-moderate acute forms of the disease, few
PCS patients demonstrated impaired performance on tests of EF and attention; and when
compared to matched controls, no significant differences were found (Mattioli et al., 2021).
Taken together, there is a high degree of heterogeneity in cognitive dysfunction across studies
attempting to characterise the cognitive profile of PCS patients. It is imperative that research
can equip healthcare services with accurate knowledge of the cognitive impairments
associated with those experiencing PCS to facilitate streamlined treatments and interventions.

One potential reason for the mixed findings in previous reviews lies with the
heterogeneous methods included to assess cognitive dysfunction. For instance, cognitive
dysfunction implicated in PCS has largely been assessed using first-level screening tools
including The Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005) and the

Mini State Mental Examination (Amalakanti et al., 2021; Del Brutto et al., 2021; Folstein et
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al., 1975; Rass et al., 2021). While these widely available tools facilitate rapid and cost-
effective screening of cognitive impairments, they do not offer a comprehensive analysis of
cognitive functioning as provided by standardised neuropsychological testing. Moreover,
these former screening tools were designed to detect global cognitive decline in emerging
dementia among elderly populations, making their deployment less sensitive in identifying
milder forms of cognitive dysfunction in other populations of varying ages and educational
backgrounds. This lack of sensitivity may produce an under-representation of cognitive
dysfunction relating to specific cognitive domains In their study, Lynch et al. (2022)
administered both the MoCA and a battery of standardised neuropsychological assessments
to PCS participants. The authors applied thresholds of ‘low’ neuropsychological test
performance as scoring “one or more standard deviations (SD) below age-matched
population-based normative values on two or more neuropsychological tests” while
‘extremely low’ performance was determined by scores of two or more SD below normative
scores on one or more tests. The sensitivity of the MoCA in detecting low and extremely low
neuropsychological test performance was 50% and 68.8%, respectively. The authors
concluded that the MoCA was not sufficiently sensitive in detecting mild or greater degrees
of cognitive dysfunction among PCS populations. Currently, healthcare services lack a
reliable picture of cognitive dysfunction of PCS, therefore a systematic review of the
literature that synthesises standardised, sensitive, neuropsychological assessments is urgently
needed.

To further understand reasons for the mixed findings, it is also important to consider
how illness related factors such as disease severity, mechanical ventilation, delirium and
being in ICU, may influence cognitive dysfunction (Boogaard et al., 2012; Hayhurst et al.,
2020; Hopkins & Jackson, 2006; Wilcox et al., 2013). Previous research studies have shown

that respiratory complications such as pneumonia and acute respiratory distress syndrome
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(ARDS), characterised by severe hypoxemia, can impact cognitive function (Mikkelsen et al.,
2012; Sasannejad et al., 2019). However, associations between respiratory complications and
cognitive dysfunction have not always been found among PCS populations (Jaywant et al.
(2021). Research also indicates that demographic factors including age and mental and
physical comorbidities may moderate impact of PCS on cognitive function (Beydoun et al.,
2014; Gunstad et al., 2010; Kloszewska et al., 2021; Mourao et al., 2016; Waldstein et al.,
2019). To understand the nature of illness related factors in their influence of cognitive
outcomes, a comprehensive systematic review summarising these factors will be beneficial.
This will support healthcare teams in the development of their services; it is important to
understand whether psychiatric or cognitive rehabilitation could be delivered as a primary
treatment target.

In summary, the negative impact of cognitive dysfunction in the domains of memory,
attention and EF can affect one’s ability to function across occupational environments.
However, it is unclear whether these cognitive subdomains are indeed impaired in the PCS
population, with many results impacted by the use of screening tools. Furthermore, cognitive
dysfunction has been associated with other contributing factors which may be linked to the
reported deficits. To address the limitations evident in the literature, including pre-existing
systematic reviews, the aims of the current systematic review were to: (i) synthesise findings
in relation to cognitive impairments in the subdomains of memory, attention and EF in those
with PCS, assessed via second-level measurements i.e., neuropsychological assessment; and
(i1) report on individual differences relating to cognitive function which may include,
although not limited to, neuropsychiatric difficulties, length of time on ventilation, severity of
illness and other relevant comorbidities as available. The study sought to address the

following research questions:
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Is there evidence by objective measures of cognitive dysfunction among PCS
individuals in the domains of memory, attention and executive function?
Which individual factors are associated with cognitive dysfunction among PCS

individuals?
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7.1 Methods

7.1 Systematic review protocol
The protocol was registered a priori on PROSPERO (CRD42022359349) in

September 2022. The current review was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (Page et al., 2021).

7.2 Search Strategy & Eligibility Criteria
In October 2022, the following databases were searched: MEDLINE and Epub Ahead

of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily (1946-2022),
EMBASE (1947-2022), PsychINFO (1806-2022), Allied and Complementary Medicine
(AMED:; 1985-2022), NeuroBITE (previously PsychBITE) and ProQuest Dissertations &
Theses Global. The search terms were developed following consultation from the Librarian at
the University of Edinburgh and included a combination of subject headings and keywords
which were adapted to suit each database. The first twenty pages of Google Scholar,
references of featured studies and relevant articles were also reviewed, and key authors

contacted if necessary. The search strategy is presented in Table 1.

19



Table 1

Search Concepts

Concept Searches

COVID-19 Covid 19 or covid or severe acute respiratory syndrome coronavirus
2 or sars cov 2 or SARS-CoV-2 or SARS-CoV-2 infection or covid
sequelae or covid 19 syndrome or covid syndrome or covid

impairment or COVID 19 neurological syndrome

Post-Covid-19 Prolonged or persistent or enduring or linger* or recurrent or

Syndrome complications or long* haul* or longhaul® or long* tail* or longtail*
or long duration or longduration or long lasting or longterm or long
term or long or convalescent or chronic or post infect* or post acute
or post-acute or postacute or post or after or recovery or sequelae or

post-acute COVID-19 neurologic* syndrome or PCS or PASC

Cognition Cogniti* or neurocogniti* or neuropsyh*

7.2.1 Eligibility Criteria

In accordance with PRISMA guidance, eligibility criteria were created considering a
Population, Exposure, Control, Outcome (PECO) framework (Page et al., 2021).
Population

Adult participants (aged 18+) with likely PCS. ‘Likely’ is used here as many studies
to date have used different criteria to identify those with PCS. Current PCS definition asserts
that symptoms cannot be explained by an alternative diagnosis (NICE-SIGN-RCGP, 2021).
As such, participants with prior cognitive impairment and/or severe co-morbidities impacting

cognitive function via e.g., dementia, neurological conditions, MCI, and subjective cognitive
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impairment had to be excluded from studies. Post-mortem studies of PCS patients were also
excluded.
Exposure

Participants with previously confirmed COVID-19 of any severity ascertained
according to laboratory testing, ICD-10 linkage, and/or clinical diagnosis. To align with the
NICE definition of PCS, symptoms had to persist since infection or diagnosis for at least 3-
months. As such, the median or mean time was at least 3-months since COVID-19 diagnosis
or infection and studies needed to demonstrate that symptoms arose and/or were exacerbated
following infection i.e., persisting. This information could be derived via self-report and/or
questionnaires administered to participants.
Comparison

Any comparison group as available including healthy controls and those with varying
degrees of acute COVID-19 severity were included.
Outcome

Studies that reported scores on at least one standardised neuropsychological
assessment tool related to cognitive subdomains of memory, attention and/or EF. Studies
were excluded if they used only screening measures for assessing cognitive function such as
the MoCA, MMSE and/ or non-standardised measures of assessment. Studies were also
excluded if they reported inexact or incomplete quantitative data reported for primary
outcomes such as descriptive ranges without numbers.
Study Design

Cohort studies, cross-sectional studies, case control studies, and dissertations/ theses
were included. Studies which deployed a longitudinal design were included in the analysis if
data at a time point >12 weeks post COVID-19 infection/ diagnosis were available to extract.

Case series, case reports, qualitative studies, experimental studies, systematic reviews, book
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chapters, editorials, abstracts, protocols, guidelines, case conferences, studies with a sample
size <10 people were excluded. By virtue of the current topic, only studies published as

defined by the beginning of the COVID-19 pandemic i.e., from 2019 onwards were included.

7.3 Search Process & Data Extraction

Searches were exported to Covidence where duplicates were removed. The lead
reviewer screened 100% of titles and abstracts for relevance, while the second reviewer, CC,
reviewed 13% of titles and abstracts. Subsequently, the full text of each article was assessed
for screening against the eligibility criteria. The second reviewer independently reviewed
100% of the full text articles from the primary screening, with any disputes resolved through
discussion between TS and CC. The study selection process is displayed in Figure 1.
Appropriate inter-rater agreement was observed for the screening of titles/ abstracts (k= .66)
and full-text screening (x =.93) (Landis & Koch, 1977).

Study characteristics were extracted including study design, characteristics of the
sample, time since diagnosis or infection to evaluation, cognitive measures utilised, main
results and variables associated with ongoing symptoms, if applicable. The results of
cognitive impairments were divided into memory, attention and EF domains. The tests used
to measure each subdomain were categorised according to their original classification
extracted from the study. If this was not explicitly stated, and a list of tests were reported
without relating them to specific cognitive domains, the author categorised them according to
tests classified by domains in the book ‘Neuropsychological Assessment’ by Lezak (2012).
7.4 Methodological Quality

The Newcastle-Ottawa Scale (NOS; (Wells et al., 2000)) was modified from the study
by Ceban et al. (2022) and utilised for cross-sectional and prospective cohort studies. The
adapted methodological quality criteria for cross-sectional and cohort studies are provided in

Appendix A. Methodological quality was rated as follows: ‘High’=7-8 stars, ‘Moderate’=5-6
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stars, ‘Low’=4 or fewer stars. TS and CC independently rated 100% of the articles for
methodological quality. Near perfect inter-rater agreement was observed (k = .98) (Landis &
Koch, 1977). Studies were rated according to the prospective cohort NOS whereby the design
was inexplicit. Studies were penalised for failing to include a non-exposed cohort in those
instances. Furthermore, the comparability rating required studies to be matched in the design
and/or confounders to be adjusted for in the analysis. According to the NOS guidelines, the
most important sociodemographic factor among age and sex should be controlled for. Given
that PCS is an emerging patient group, it was felt that both factors would be equally
important to control/ adjust for. Studies were awarded points if they compared data to
assessment-specific normative means which control for age and sex and penalised if those
measures didn’t offer normative data for both age and sex.
7.5 Synthesis of Results

A narrative synthesis of the results was carried out. It was deemed inappropriate to
conduct a quantitative synthesis (meta-analysis) given the lack of homogeneity across the
studies’ clinical and methodological variables. Variation included different source
populations and settings (hospital (ICU, ward level, community)), acute disease severity,
assessment methods used to assess each cognitive domain, levels of impairment assessed and

data analysis i.e., use of control groups (Deeks et al., 2022).
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8.1 Results

The literature search yielded 5,998 articles. Following de-duplication, 3797 titles and

abstracts were screened, resulting in 145 articles for the full-text review as shown in Figure 1.

[ Identification of studies via databases and registers }

Duplicates removed via
e Automated tools (n = 1765)
e By hand (n=254)

Total (n=2019)

Records excluded after title and/or

abstract screening
(n=3834)

Reports excluded:

Records identified from:
APA PsychInfo (n = 638)
Embase (n = 3230)
= Medline (n = 1968)
= ProQuest (n = 100)
§ NeuroBite (n = 0)
E Google Scholar (n = 62)
=
- Total (n = 5998)
Pp— v
e Records screened
5 (n=3979)
@
—
) °
Reports assessed for o
eligibility .
(n=145) o
°
=
80
— °
=
3 Studies included in review
% (n=19)
=
Ll

<12 weeks since infection/ diagnosis (n=18)

Only Screening Tool (e.g., MoCA, MMSE) (n=11)
No cognitive assessments used (n=2)

Incomplete or mnexact quantitative data (n=8)

No confirmation of seropositive Covid-19 (n=4)
No confirmation that symptoms persisted since
Covid-19 (n=8)

Participants not excluded based on pre-existing
neurological, psychiatric conditions or where none
of this information is reported (n=32)

Paediatrics (<18) (n=6)

Case series, case reports, qualitative studies,
systematic reviews, book chapters, editorials,
abstracts, protocols, guidelines, case conferences,
studies with a sample size <10 people (n=25)
Intervention study (n=1)

Duplicates (n=11)

Figure 1: PRISMA Flow Diagram of Study Selection & Screening Process
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8.1 Study Characteristics

Nineteen studies were conducted across nine countries, including Spain (n=5), Italy
(n=3), USA (n=3), Sweden (n=2), Switzerland (n=2), Brazil (n=1), France (n=1), Argentina
(n=1) and Germany (n=1). A total of 3,083 PCS patients were included in analyses. Sample
sizes ranged from 20 to 614, with an average of 94.8 participants. On average, females
comprised 52.8% of participants. The average age of PCS participants was 51.4 years,
ranging from 40.9 to 60.8 years. Time from diagnosis or infection ranged from 3.4 to 10
months, with the mean being 6.4 months. The analysis included 12 prospective cohort
(Birberg Thornberg et al., 2022; Cecchetti et al., 2022; Crivelli, Calandri, et al., 2022;
Dressing et al., 2022; Garcia-Molina et al., 2022; Garcia-Sanchez et al., 2022; Hellgren et al.,
2021; O'Connor et al., 2022; Ortelli, Benso, et al., 2022; Ortelli, Ferrazzoli, et al., 2022;
Voruz, Cionca, et al., 2022; Voruz, de Alcantara, et al., 2022) and 7 cross-sectional studies
(Albu et al., 2021; Braga et al., 2022; Calabria et al., 2022; Delgado-Alonso et al., 2022;
Dondaine et al., 2022; Ferrando et al., 2022; Krishnan et al., 2022).

Various sample types were included; most studies included participants who were
previously hospitalised (94.7%), while one study featured those never hospitalised. Of the
1,008 individuals hospitalised, 357 were reported to require care in ICU, with 110 requiring
mechanical ventilation.

The manner in which impaired test scores were defined across studies differed; 4
studies applied an impairment threshold of z-scores of <1.5SD and 2 studies utilising a
criterion of <2SD from the normative mean (Ferrando et al., 2022; Hellgren et al., 2021). One
study displayed results according to both criteria (Birberg Thornberg et al., 2022). Six studies
incorporated healthy control groups in their analyses, while others subdivided PCS
participants by the requirement of oxygen therapy during hospital admission (Dondaine et al.,

2022), by acute disease severity and/or by the requirement for hospitalisation (Albu et al.,
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2021; Birberg Thornberg et al., 2022; Braga et al., 2022; Calabria et al., 2022; Garcia-Molina
et al., 2022; O'Connor et al., 2022; Voruz, de Alcantara, et al., 2022). Patients were also
categorised as anosognosic/ nosognosic (Voruz, Cionca, et al., 2022) and whether or not they
sought care for their symptoms (Ferrando et al., 2022). Detailed study characteristics are

displayed below in Table 2.
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Table 2

Study Characteristics

Study; Design Sample Type Demographics | Demographics Covid Group | Control Evaluation
Country Covid Control Group | n Group timeline,
Age (M); Sex Age (M); Sex (healthy months
(female n, (%)); | (female n, (%)); control unless
Education Education otherwise
(years) (years) stated) n
Albu et al. Cross- Hospitalised patients | ICU Non-ICU ICU: Non-ICU: 14 | 3.4
(2021) sectional referred for neuro- Age 61.5 Age 43.5 16
rehab Sex 3 (18.75) Sex 8 (57)
Spain Education: - Education: -
Birberg Cohort Hospitalised Age 57.7 ICU: Non-ICU: 97 | 4.6
Thornberg et al. 36
(2022) Sex 51 (38.3)
Sweden Education
9=18.8%
9-12 =40.6%
>12 =40.6%
Braga et al. Cross- Hospitalised and non- | Age 47.6 Hospitalised: | Non- 8
(2022) sectional hospitalised patients Hospitalised:
self-seeking rehab. Sex 451 (73) 206 408
Brazil Hospitalised patients: | Education
Ward, ICU and OTI 5-8=5%
9-11=6%
12-15=35%
16+ = 54%
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Study; Design Sample Type Demographics | Demographics Covid Group | Control Evaluation
Country Covid Control Group | n Group timeline,
Age (M); Sex Age (M); Sex (healthy months
(female n, (%)); | (female n, (%)); control unless
Education Education otherwise
(years) (years) stated) n
Calabria et al. Cross- Hospitalised and non- | Age 51.7 (20- 136 8.3
(2022) sectional hospitalised 88) (Hospitalise
d:
Spain Sex 87 (64) 59 (ICU 24);
Non-
Education Hospitalised:
5-8=5% 77)
9-11=6%
12-15=35%
16+ =54%
Cecchetti et al. | Cohort Previously Age: 60.8 £12.6 33 49 10
(2022) hospitalised
Sex: 13 (27)
Italy
Education:
11.1+£3.9
Crivelli et al. Cohort Hospitalised and non- | Age: 50 (43-63) | Age: 57 (46-64) | 45 45 4.7
(2022) hospitalised Sex: 22 (49) Sex: 20 (44)
outpatients Education: 17 Education: 17
Argentina (15—-18) (15-18)
Delgado-Alonso | Cross- Hospitalised and non- | Age 51.06 50 50 9.4
et al. (2022) sectional hospitalised
outpatients attending | Sex 37 (74)
Spain general neurology
consultations Education
13.58 +4.01
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Study; Design Sample Type Demographics | Demographics | Covid Group | Control Evaluation
Country Covid Control Group | n Group timeline,
Age (M); Sex Age (M); Sex (healthy months
(female n, (%)); | (female n, (%)); control unless
Education Education otherwise
(years) (years) stated) n
Dondaine et al. | Cross- Previously Age 02 +:31 0O2-:31 O2+:4.6
(2022) sectional hospitalized having 0, +=52.19
received oxygen 02-=43.90 O2+:5
France therapy (“O2 +”) and Sex
pneumonia-free 0, +=15(48.3)
outpatient COVID-19 02-=21(67.7)
patients not having Education
received oxygen 0,+=14.35
therapy 02-=14.84
(f02-")
Dressing et al. Cohort Hospitalised and non- | Age 53.6 (24- 31 6.65
(2022) hospitalised 75)
outpatients
Germany Sex 20 (64)
Education
13.6 (8-18)
Ferrando et al. Cross- Hospitalised and non- | Care-Seeking Non-care CS: 32 NCS: 28 CS: 8.2
(2022) sectional hospitalised (CS): seeking (NCS):
outpatients Age: 48.1 Age: 33.7
USA Sex: 25 (78) Sex: 16 (57) NCS: 5.6
Education: Education: 1
15.8 6.4
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Study; Design Sample Type Demographics | Demographics Covid Group | Control Evaluation
Country Covid Control Group | n Group timeline,
Age (M); Sex Age (M); Sex (healthy months
(female n, (%)); | (female n, (%)); control unless
Education Education otherwise
(years) (years) stated) n
Garcia-Molina | Cohort Hospitalised and non- | Covid Control Covid: 91 Control: 32 Covid: 7.4
et al. (2022) hospitalised Age: 49.7 Age: 54.69
outpatients
Spain referred for Sex: 55 (60.4) Sex: 17 (53.1) Control:
neurorehabilitation; Education: Education: 8.5
Control group were <7=154% <7=12.5%
Covid-19+ cases with | 8-12 =27.5% 8-12 =34.4%
normal NP results. >12=57.1% >12=53.1%
Garcia-Sanchez | Cohort Hospitalised and non- | Age 51.1 (22- 63 6.1
et al. (2022) hospitalised 78)
outpatients
Spain Sex 41 (63)
Education 14.4
Hellgren et al. Cohort Hospitalised patients | Age 59 (51-66) 35 5
(2021)
Sex 7 (20)
Sweden
Education
<9 =28.5%
9-12 =42.8%
>12=28.5%
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Study; Design Sample Type Demographics | Demographics Covid Group | Control Evaluation
Country Covid Control Group | n Group timeline,
Age (M); Sex Age (M); Sex (healthy months
(female n, (%)); | (female n, (%)); control unless
Education Education otherwise
(years) (years) stated) n
Krishnan et al. Cross- Hospitalised and non- | Age 44.75 (25- 20 5.5
(2022) sectional hospitalised 65)
outpatients
USA Sex 18 (90)
Education 15.2
(10-19)
O'Connor etal. | Cohort Hospitalised and non- | Long-Covid Covid LC 11 Covid: 14 LC
(2022) hospitalised (LO) Age: 44.64 11.2
outpatients Age: 47.91 Sex: 4 (28.6)
USA (clinic and via Sex: 8 (72.7) Education:
advertisement) Education: <12=2
<12=0 >12=12 HC: 20 Covid: 5.2
>12=11
HC
Age: 48.25
Sex: 9 (45)
Education:
<12=0
>12=20
Ortelli, Benso, Cohort Hospitalised and non- | Age: 48.4 Age: 44.2 74 29 4.1
et al. (2022) hospitalised Sex: 21 (28.4) Sex: 12 (41.4)
Italy Education: 14.3 | Education: 14.8
Ortelli, Cohort Non-hospitalised Age: 49.7 Age: 46.4 77 22 3.6
Ferrazzoli, et al. Sex: 50 (74.5) Sex: 11 (50)

(2022)
Italy

Education: 14.1

Education: 14.3
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Study;
Country

Design

Sample Type

Demographics
Covid

Age (M); Sex
(female n, (%));
Education

(years)

Demographics
Control Group
Age (M); Sex
(female n, (%));
Education

(years)

Covid Group
n

Control
Group
(healthy
control unless
otherwise
stated) n

Evaluation
timeline,
months

Voruz, de

Alcantara, et al.
(2022)

Switzerland

Cohort

Hospitalised

(moderate-severe) and
non-hospitalised

(mild)

Mild

Age 54.86

Sex 34.7
Education 11-12

Moderate
Age 55.85
Sex 35.4%
Education
11-12

Severe
Age 62.08
Sex 20.8%
Education
11-12

Mild 49

Moderate 48

Severe 24

7.3

Voruz, Cionca,
et al. (2022)

Switzerland

Cohort

Hospitalised

Anosognosic
(A)

Age: 56.58
Sex: 7 (26.9)
Education: 11-
12

Nosognosic (N)
Age: 56.49
Sex: 30 (39.4)
Education:
11-12

A 26

7.5
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8.2 Methodological Quality

Table 3 displays the methodological quality ratings for seven studies according to the
NOS criteria adapted for cross-sectional studies. A maximum of 9 stars could be awarded
where 7-9 stars equated to ‘High’ quality, 5-6 stars was ‘Moderate’ and fewer than 4 stars
was ‘Low’ quality. Studies were rated on average as ‘moderate’ (M = 5.86) according to the
NOS criteria. All samples were largely representative of the PCS population. Only 1 study
reported on the response rate between respondents and non-respondents (Delgado-Alonso et

al., 2022). No study reported a pre-determined sample size calculation.
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Table 3

Cross-Sectional Studies Methodological Quality as per adapted NOS quality rating

Study Selection Comparability Outcome Total /9 Quality

Rating
1 2 3 4 1 2 1 2

Albu et al. (2021) * ok * * 5/9 Moderate

Braga et al. (2022) * ok * * 5/9 Moderate

Calabria et al. (2022) * ok * * * 6/9 Moderate

Delgado-Alonso et al. (2022) * * *x * * * 7/9 High

Dondaine et al. (2022) * ok * * * * 7/9 High

Ferrando et al. (2022) * ok * * * 6/9 Moderate

Krishnan et al. (2022) * ok * * 5/9 Moderate

Note: A study can be awarded a maximum of one star (*) for items 1-3 for Selection and the Outcome categories. A maximum of two stars (**)

can be given for item 4 in Selection, and Comparability.
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Table 4 displays the methodological quality ratings for 12 studies rated according to
the NOS adapted for prospective cohort studies. Studies were on average ‘high’ (M= 7.0).
Studies were frequently penalised for lacking a non-exposed group or failing to detail the
recruitment source of the non-exposed group. There is potential overlap of participants
between two sets of studies (Birberg Thornberg et al., 2022; Hellgren et al., 2021) and
(Voruz, Cionca, et al., 2022; Voruz, de Alcantara, et al., 2022) as both recruited from the
same databases/ hospitals as each other. There are no reports in the studies indicating there is

no overlap.
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Table 4

Cohort Studies Methodological Quality as per adapted NOS quality rating

Study Selection Comparability Outcome Total  Quality Rating
/9
1 2 3 4 1 2 1 2 3

Birberg Thornberg et al. (2022) * * * * * * * 7/9 High
Cecchetti et al. (2022) * * * * * * * * 8/9 High
Crivelli, Calandri, et al. (2022) * * * * * * * * 8/9 High
Dressing et al. (2022) * * * * * * * 7/9 High
Garcia-Molina et al. (2022) * * * * * * 6/9 Moderate
Garcia-Sanchez et al. (2022) * * * * * * 6/9 Moderate
Hellgren et al. (2021) * * * * * * 6/9 Moderate
O'Connor et al. (2022) * * * * * * * * * 9/9 High
Ortelli, Benso, et al. (2022) * * * * * * 6/9 Moderate
Ortelli, Ferrazzoli, et al. (2022) * * * * * * * 7/9 High
Voruz, Cionca, et al. (2022) * * * * * * * 7/9 Moderate
Voruz, de Alcantara, et al. (2022) * * * * * * * 7/9 Moderate

NB: A study can be awarded a maximum of one star (*) for each numbered item within the Selection and Outcome categories. A maximum of

two stars (**) can be given for Comparability.
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8.3 Narrative Synthesis

8.3.1 Memory

Sixteen studies assessed memory as can be seen in Table 5 whereby results are
presented as a percentage of the participants with impairments unless otherwise stated. All 11
studies which reported percentages of participants with impairments revealed impairments
ranging from 6% to 75% (Albu et al., 2021; Birberg Thornberg et al., 2022; Calabria et al.,
2022; Cecchetti et al., 2022; Delgado-Alonso et al., 2022; Dondaine et al., 2022; Dressing et
al., 2022; Garcia-Sanchez et al., 2022; Hellgren et al., 2021; Krishnan et al., 2022; Voruz, de
Alcantara, et al., 2022). The study by Cecchetti et al. (2022) which reported the lowest level
of impairment at 6%, included a small sample size of 33 and participants with the longest
time since infection at 10 months. The quality of this study was awarded a ‘High’ rating of
eight out of nine marks. Across studies, verbal learning commanded the highest level of
impairment, followed by delayed verbal recall. Albu et al. (2021) reported that 75% of those
in ICU (n =14) demonstrated impairments on measures of verbal learning compared to 58%
of those who were hospitalised at ward level. Indeed, higher levels of impairment were
reported in previously hospitalised samples among other studies (Birberg Thornberg et al.,
2022; Dondaine et al., 2022; Hellgren et al., 2021). Similarly, higher levels of impairment
were reported in previously hospitalised samples across tests of delayed verbal recall (Albu et
al., 2021; Birberg Thornberg et al., 2022; Hellgren et al., 2021). Notably, the two studies
using an impairment criterion of 2SD below the normative mean revealed impairments
(Birberg Thornberg et al., 2022; Hellgren et al., 2021), particularly on tests of verbal learning,
in line with other studies. There were lower rates of delayed visual recall among studies;
studies using the same measurement tool for delayed visual recall demonstrated similar
impairments. For example, impairments ranged from 10-13% in studies using the Brief

Visuospatial al Memory Test (BVMT) (Dressing et al., 2022; Krishnan et al., 2022), while
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two studies using the Rey-Osterrieth Complex Figure Test (ROCFT) revealed impairments of
16% (Delgado-Alonso et al., 2022) and 16.9% (Calabria et al., 2022).

Of the five studies which analysed their results using a comparison group, four
revealed significantly worse memory performance in the PCS sample (Crivelli, Palmer, et al.,
2022; Ferrando et al., 2022; Garcia-Molina et al., 2022; Voruz, Cionca, et al., 2022). Two of
these studies compared performance to other COVID-19 patients rather than healthy controls.
For example, Ferrando et al. (2022) reported significantly worse performance on verbal
learning tasks in ‘care-seeking’ participants compared to those who were ‘non-care seeking’,
while Voruz, Cionca, et al. (2022) reported similar deficits in anosognosic v nosognosic
patients. One study found no significant difference between PCS and a comparison group of
healthy controls across memory tasks (O'Connor et al., 2022). The quality of this study was
deemed to be ‘High’ with full marks awarded. A further important aspect is that time since

infection in this study was one of the highest at 8.2 months.
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Table 5

Results: Memory

Study; Country

Memory Domain

Cognitive Assessments

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Albu et al. (2021);

ICU; Non-ICU!

No association between ICU

Verbal Memory RAVLT-Immediate 75%; 58% admission and objective
Spain RAVLT-Delayed 62%; 58% assessments.
RAVLT-Recognition 30%; 17%
BirbergThornberg et <1.5SD; <2D No significant differences between
al. (2022); Immediate Memory RBANS 29.6%; 16.8% ICU and non-ICU on memory, or
List Learning 17.1%; 10.1% any other cognitive indices; No
Sweden Story Memory 20.3%; 13.8% association between higher WHO
Delayed Memory RBANS 24.8%:; 8.8% CPS grade and severity of cognitive
List Recall N/A impairment; Level of education
Story Recall 15.2%; 8% predicted delayed memory; No
List Recognition N/A association between subjective
Figure Recall 11.4%; 9.1% cognitive complaints and objective
tests; No differences in cognitive
assessments between patients
with/without anxiety or depression.
Calabria et al. Verbal Memory? RAVLT-Immediate 32.3% Hospitalisation was not related to
(2022); RAVLT-Delayed 28.7% the prevalence and severity of
Visual Memory? ROCFT-Delayed 16.9% cognitive impairments.
Spain

Cecchetti et al.

Overall memory

Covid; HC (M, SD)

(2022); impairment? 6%
Verbal Memory DSF: 4.9;6.0
Italy RAVLT-Immediate: 35.8; 49.7
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Study; Country

Memory Domain

Cognitive Assessments

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Visual Memory RAVLT-Delayed: 7.1;11.4
ROCFT: 0.4;0.76
Crivelli et al. (2022) Covid; HC (M, SD) Significant differences b/w groups’
Verbal Memory RAVLT-Immediate: 43 (13)*; 50 (9) impaired* scores on memory
Argentina RAVLT-Delayed: 8.2(3.9)*;10.2 (2.9) (p=0.016, Cohen's d=0.73.
Visual Memory BCFT: 10.50 (3.25)*; 12.27 (2.65) Cognitive impairment* was not
associated with severity of illness
(determined by WHO severity
scale). Anxiety (HADS) was a
predictive factor of cognitive
impairment.
Delgado-Alonso et Covid; HC* Effect sizes were small meaning the
al. (2022); Verbal Memory FCSRT-Delayed 24% cognitive deficit was overall small.
Visual Memory ROCFT-Delayed 16%
Spain FGT-Learning 20%; 0% Anxiety was weakly associated
FGT-Delayed Free (Smin) | 20%**; 4% with memory tasks.
FGT-Delayed Free(30min) | 16%%*; 4%
FGT-Recognition 20%**; 2%
Dondaine et al. Verbal Memory? FCSRT-Immediate 18%-24% Those who received O therapy had
(2022); FCSRT-Delayed 23% greater memory impairments in cue
efficiency index and total recall.
France
Dressing et al. Verbal Memory* HVLT-Learning 10%
(2022); HVLT-Delayed 23%
HVLT-Recognition 13%
Germany Visual memory* BVMT-Learning 23%
BVMT-Delayed 13%
BVMT-Recognition 26%
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Study; Country

Memory Domain

Cognitive Assessments

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Ferrando et al.

CS: NCS (M, SD)®

Severity of acute Covid-19 illness

(2022); Immediate Memory RBANS 87.7(17.1)***; 94 3(11.5) was associated with cognitive
Delayed Memory RBANS 89.6(14.8)***; 97.0(12.8) impairment.
USA
Depression was predictive of
“extremely low” © test scores.
Garcia-Molina et al. Covid; Control (M, SD)
(2022); Verbal Memory RAVLT-Immediate: 41.29 (10.11)*; 45 (8.06)
RAVLT-Delayed: 7.69 (2.59)%*; 9.22 (2.74)
Spain RAVLT-Recognition: 11.69 (2.79)*; 12.5 (3.19)
Garcia-Sanchez et al. Distribution of test scores (% test scores)’ No correlations found between
(2022); anxiety subscale of HADS and
Verbal Memory cognitive function.
Spain
DSF
<8 15 (23.81%)
9-24 8 (12.70%)
>25 40 (63.49%)
RAVLT-Immediate
<8 16 (25.40%)
9-24 17 (26.98%)
>25 30 (47.62%)
RAVLT-Delayed
<8 17 (26.98%)
9-24 8 (12.70%)
>25 38 (60.32%)
RAVLT-Recognition
<8 16 (18.33%)
. 9-24 3 (5.00%)
Visual Memory 225 44 (16.67%)
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Study; Country

Memory Domain

Cognitive Assessments

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

ROCFT-Delayed

<8 13 (20.63%)
9-24 18 (28.57%)
>25 32 (50.79%)
Hellgren et al. Immediate Memory?® RBANS 25% No significant differences between
(2021); Delayed Memory® RBANS 19% normal and abnormal MRI groups
re frequency of patients with
Sweden cognitive impairments or with
fatigue; No association between
RBANS total score, time in hospital
or scores on WHO CP-Scale.
Krishnan et al. Verbal Memory* LM-Immediate 15% 50% non-hospitalised and 63% of
(2022); LM-Delay 10% hospitalised patients demonstrated
LM-Recognition 0% cognitive impairments on 3 or more
USA RAVLT-Immediate 10% measures.
RAVLT-Recognition 5%
BVMT-Learning 15% 40% moderate-severe anxiety
Visual Memory* BVMT-Delayed 10% (BAI); 35% moderate-severe
BVMT-Recognition 20% depression (BDI-II); 85% (n=13)
fatigue (FSS)
O'Connor et al. Verbal Memory AVLT Long-COVID vs. No-COVID No significant differences between
(2022); p =-0.67 Long-Covid and Covid groups on
memory.
USA
Voruz, Cionca, et al. Anosognosic; Nosognosic
(2022); Verbal Memory GB-Immediate: (M, SD)
GB-T1-T3 Free: 15.53 (£0.76); 15.87 (£0.47)**
Switzerland GB T1-T3 Total: 8.50 (£6.59); 32.37 (£6.18)*
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Study; Country

Memory Domain

Cognitive Assessments

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Visual Memory

GB-Delayed Free:
GB-Delayed Total:
DSF:
ROCFT-Immediate:
ROCFT-Delayed:

44.00 (£3.45); 46.05 (£2.81)***
10.81 (£2.77); 12.96 (£2.25)**
14.88 (£1.56); 15.75 (£0.61)**
8.12 (£2.07); 8.17 (£2.16)
17.10 (£6.77); 19.43 (+6.30)
21.92 (+7.74); 24.22 (£6.53)

Voruz, de Alcantara,
et al. (2022);

Switzerland

Memory (8-tests) &

Total >5 low test-scores
Mild >2 low scores
Moderate >5 low scores
Severe >2 low scores

3.31%
10.20%
6.25%
25%

= no details given regarding analysis to define “% of patients with altered cognitive tests”; 2= Cognitive impairment of T-scores <36; 3=
Cognitive impairment was defined by a performance lower than the assessment-specific normative values in at least two tests within the same
domain; 4 = Cognitive impaired classified as z score of <1.5 SD below assessment-specific normative data; °> = Cognitive impairment defined as
T-score of <35, corresponding to 1.5SD from normative mean; ® = Cognitive impairment defined as z-score of <2SD from assessment-specific
normative mean; ’ = Scores defined according to Guilmette et al. (2020) Pc < 8 as below average and exceptionally low score, Pc 9-24 as low

average score and Pc > 25 as average or above; ® = the percentage of the normative population who would exhibit one or more, two or more,
three or more, or four or more abnormally low scores, applying a conservative threshold < 5th percentile which is equal to <1.67SD from
normative mean; °= Cumulative percentages of patients significantly above the estimated percentage for the normative population after false
detection rate (FDR) correction.
Abbreviations: AVLT: Auditory Verbal Learning Test; BAIL: Beck Anxiety Inventory; BCFT: Benson’s Complex Figure Test; BDI-II: Beck
Depression Inventory- Second Edition; BVMT: Brief Visuospatial Memory Test; Digit Span-2: Subtest (WMS); DSF: Digit Span Forwards;
FCSRT: The Free and Cued Selective Reminding Test; FGT: Figural Memory Test (Vienna Test System); FSS: Fatigue Severity Scale; GB:
Grober and Buschke; HADS: Hospital Anxiety and Depression Scale; HVLT: Hopkins Verbal Learning Test-Revised; LM: Logical Memory
(WMS); ; RAVLT: Rey Auditory Verbal Learning Test; RBANS; Repeatable Battery for Assessment of Neuropsychological Status; ROCFT:
Rey-Osterrieth Complex Figure Test.
Significance levels * = p<0.05; ** = p<0.01; *** = p<0.001.
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8.3.2 Attention

Seventeen studies assessed attention overall as can be seen in Table 6 whereby results
are presented as a percentage of the participants with impairments unless otherwise stated. Of
ten studies that reported percentages of participants with attentional impairments, nine studies
revealed impairments of attention ranging from 5% to 41.2% (Albu et al., 2021; Birberg
Thornberg et al., 2022; Calabria et al., 2022; Delgado-Alonso et al., 2022; Dondaine et al.,
2022; Garcia-Sanchez et al., 2022; Hellgren et al., 2021; Krishnan et al., 2022; Voruz, de
Alcantara, et al., 2022). The only study to report 0% of participants with impairments was
that of Dressing et al. (2022) which was rated as being of ‘High’ quality. The test used in this
study was the Digit-Span Forwards (DSF). An evident commonality among those studies
with no-to-minimal impairments observed were the tests used including the Digit-Span
Forwards and Coding tests (Albu et al., 2021; Dressing et al., 2022; Hellgren et al., 2021;
Krishnan et al., 2022). However, these four studies also had the smallest sample sizes,
ranging from 20-35. There were differences in measures used including computerised tests
(d2 Test of Attention) and those commonly used within ADHD research (CPT-II & CPT-3).
Higher rates of impairment were found among studies using CPT-II & CPT-3 (Calabria et al.,
2022; Dondaine et al., 2022; Garcia-Sanchez et al., 2022; Krishnan et al., 2022). Studies
consistently reported impairments across sustained and selective attention, particularly on
tasks involving an EF aspect such as Stroop and the Eriksen Flanker Task.

Among the seven studies to analyse their results using a comparison group, five
revealed significantly worse attentional performance in the PCS sample (Crivelli, Calandri, et
al., 2022; Ferrando et al., 2022; Ortelli, Benso, et al., 2022; Ortelli, Ferrazzoli, et al., 2022;
Voruz, Cionca, et al., 2022). Among four of the studies where significant differences were
found, healthy controls were used as comparators (Crivelli, Calandri, et al., 2022; O'Connor

et al., 2022; Ortelli, Benso, et al., 2022; Ortelli, Ferrazzoli, et al., 2022). In one study, only
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performance on a measure of sustained attention was significantly different between PCS
participant and controls, while performance on divided attention was not significantly

different (Voruz, Cionca, et al., 2022).
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Table 6

Results: Attention

Study; Cognitive Results (% Impaired) Variables associated with ongoing
Country Assessment symptoms
Albu et al. (2021); ICU; Non-ICU!
Spain DSF 18%; 5%
Birberg Thornberg et al. | RBANS <1.5SD; <2D
(2022); Attention-Index 31.0%; 17.1%
Sweden Digit-Span 23.7%; 19.8%
Coding 36.2%; 26.9%
Calabria et al. (2022); CPT-II? Fatigue was predicted by depression,
Spain Omissions 36.8% apathy, anxiety and working memory
Commissions 21.3% and sustained attention; the greater
Variability 41.2% the cognitive deficits, the greater the
Hit RT 36.1% total fatigue scores.
Detectability 19.8%
Perseveration 41.2%
Hit SE 27.2%
Hit RT ISI Change 31.6%
Crivelli et al. (2022); Covid; HC (M, SD) Significant differences b/w groups’
Argentina TMT-A: 47 (25)***; 29 (7) impaired® scores on attention
DSF: 5.89(1.30)***; 6. 89 (0.93) (p=<0.001, Cohen's d=1.2).
DSB: 4.04 (1.19)***; 5.09 (0.95)
WAIS-Coding: 11.8 (3.7)**; 13.5 (2.9)
Delgado-Alonso et al. Covid; HC?
(2022); TMT-A 8% **
Spain Cognitrone-Time 10.6; 6.2%
Cognitrone-Correct Rejection 14.9%; 4.2%
WAF-Intrinsic Alertness (visual) 22.4%%*; 6%
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Study;
Country

Cognitive
Assessment

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

WAF-Crossmodal Divided Attention
WAF-Unimodal Selective Attention
WAF Visual vigilance

WAF Smooth pursuit eye movements

8.3%; 6.1%

21.7%%*; 6.2%
4.3%**; 4.3%
21.7%*; 6.2%

Dondaine et al. (2022);

CPT-3?

Detectability 16%
France Omissions 13%

Commissions 34%

Preservations 13%

Hit RT 13%

Hit RT ISI Change 8%

Hit RT Block Change 11%

DSCT 5%
Dressing et al. (2022); TMT-A3 10%
Germany DSF? 0%
Ferrando et al. (2022); CS:NCS (M, SD)*
USA RBANS 92.6 (14.9)**; 103.6 (15.5)
Garcia-Molina et al. Covid; Control (M, SD)
(2022); DSF 5.79 (1.06); 5.75 (1.19)
Spain

Garcia-Sanchez et al.

Distribution of test scores, M, range (M%)?

(2022); CPT-II
<® 18.66, 10-33 (29.62%)
Spain 9-24 16.25, 1-29 (25.79%)
>25 28.08, 14-42 (44.58%)
Hellgren et al. (2021); RBANS Attention* 9%

Sweden
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Study; Cognitive Results (% Impaired) Variables associated with ongoing
Country Assessment symptoms
Krishnan et al. (2022); TMT-A3 20%
USA Digit Span-23 5%
Coding® 5%
Symbol Search® 6%
CPT-32%
Omissions 7%
Commissions 0%
Hit RT 21%
Hit RT ISI Change 36%
Hit RT Block Change 21%
O'Connor et al. (2022); d2 Test-of-Attention Long-COVID vs. No-COVID: No significant differences between
USA Correct-Items: p =-0.82 Long-Covid and Covid groups on
Sustained Attention: B =-0.69 attentional tasks.
EFT ==-0.50

Ortelli, Benso, et al.
(2022);
Italy

SAT:
Stroop-Reading:
Stroop-Colour:

Covid; HC (M, SD)
428.6; 323.5%**
1156.5; 858.5%**
879.3; 726.9%**

Significant association between
sustained attention (SAT) and fatigue
(FSS) (p=0.006) and depression
(BDI-II) (p=0.005).
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Study;
Country

Cognitive
Assessment

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Ortelli, Ferrazzoli, et al.

(2022);
Italy

Sustained Attention Task:
Executive-Attention

Stroop-Word Naming:
Stroop-Colour:

Stroop-Reading:
Stroop-Inhibition:

Navon Task-Total:

Navon Task-Congruent Condition:

Navon Task-Incongruent Condition:

Covid; HC (M. SD)
421.2 (170.6); 324.7 (41.7)***

1114.1(314.6); 886.3 (165.7)**
865.5 (155.0); 760.8 (94.8)**
1007.7 (214.1); 878.9 (136.7)*
177.5 (203.0); 66.5 (110.0)*
1055.9 (253.3); 871.3 (185.3)**
994.6 (238.9); 827.1 (157.5)**
1092.7 (268.4) 907.7 (211.7)**

Overall, patients demonstrated
slower RTs and greater intra-
individual variability in RTs
indicative of global slowing and
increased fluctuation in response
time.

Significant association between
sustained attention (SAT) and fatigue
(FRS p=0.029 & FSS p =0.003).

Voruz, de Alcantara, et
al. (2022);
Switzerland

TAP (10-tests)”

Total >3 low scores
Mild >2 low scores
Moderate >2 low scores
Severe >2 low scores

7.50%
12.24%
17.02%
12.5%

Voruz, Cionca, et al.
(2022);
Switzerland

Sustained Attention:
TAP-Item Omissions:
TAP-False Alarms:

Divided Attention:
TAP-Total Omissions:
TAP-Total False-Alarms:

Anosognosic; Nosognosic (M, SD)

13.36 (£9.88); 11.64 (£9.77)
18.84 (£27.93); 6.29 (£9.43)*

1.96 (£2.37); 1.84 (+1.99)
1.88 (£2.55); 0.84 (x1.41)

= no details given regarding analysis to define “% of patients with altered cognitive tests; 2= CPT-II & CPT3 scores >60 are clinically
significant impaired; 3 = Cognitive impaired classified as z score of <1.5 SD below assessment-specific normative data; “= Cognitive impairment
defined as z-score of <2SD from assessment-specific normative mean; > = Scores defined according to Guilmette et al. (2020) Pc < 8 as below
average and exceptionally low score, Pc 9-24 as low average score and Pc > 25 as average or above; %= Subtests from the WAIS-IV; 7= the
percentage of the normative population who would exhibit one or more, two or more, three or more, or four or more abnormally low scores,
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applying a conservative threshold < 5th percentile which is equal to <1.67SD from normative mean; = Cumulative percentages of patients
significantly above the estimated percentage for the normative population after false detection rate (FDR) correction.

Abbreviations: BDI-1I: Beck Depression Inventory- Second Edition; CPT-3: Connors Continuous Performance Test- Third Edition; CPT-II:
Connors’ Continuous Performance Test-Second Edition; Digit Span-2: Subtest (WMS); Digit-Span: Subtest (RBANS); DSB: Digit Span
Backwards; DSF: Digit Span Forwards; EFT: DSCT: Digit Symbol Coding Test; EFT: Eriksen Flanker Test (Flanker Inhibitory Control and
Attention Task); FRS: Fatigue Rating Scale; FSS: Fatigue Severity Scale; HADS: Hospital Anxiety and Depression Scale; RBANS; Repeatable
Battery for Assessment of Neuropsychological Status; SAT: Sustained Attention Task; Stroop: Stroop Task; TAP: Test of Attentional
Performance; TMT-A: Trail Making Test Part-A; WAF: WAF battery.

Significance levels * = p<0.05; ** = p<0.01; *** = p<0.001.
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8.3.3 Executive Function

Eighteen studies assessed EF as can be seen in Table 7 whereby results are presented
as a percentage of the participants with impairments unless otherwise stated.. Eleven studies
that reported percentages of participants revealed EF impairments (Albu et al., 2021; Birberg
Thornberg et al., 2022; Calabria et al., 2022; Cecchetti et al., 2022; Delgado-Alonso et al.,
2022; Dondaine et al., 2022; Dressing et al., 2022; Garcia-Sanchez et al., 2022; Krishnan et
al., 2022; Voruz, de Alcantara, et al., 2022). The Trail Making Test-B (TMT-B) was the most
frequently used measure to assess EF, and impairments on this test were highest among
hospitalised samples (Birberg Thornberg et al., 2022; Garcia-Sanchez et al., 2022).

The prevalence of impairment appeared to be more frequent among those tests which
were influenced by processing speed, a cognitive subdomain not analysed in this review i.e.,
were timed. These tests include Phonemic Fluency, Stroop-Test and Trail-Making Tests
(TMT-A, TMT-B); whereas tests of EF without significant processing speed influence
included Similarities, Wisconsin Card Sorting Task (WCST) and non-timed facets across
fluency tasks such as DKEFS-Category-Switching. Ten studies that assessed EF with a
processing speed influence reported impairments ranging from 2% to 64% (Albu et al., 2021;
Birberg Thornberg et al., 2022; Calabria et al., 2022; Cecchetti et al., 2022; Delgado-Alonso
et al., 2022; Dondaine et al., 2022; Dressing et al., 2022; Garcia-Sanchez et al., 2022;
Krishnan et al., 2022; Voruz, de Alcantara, et al., 2022). Tests of phonemic fluency were
most consistently reported as impaired regardless of thresholds of impairment defined within
the study i.e., 1.5SD, 2SD below the normative mean, the highest being 64% on a Spanish
version of FAS fluency task (Albu et al., 2021). However, no details were reported
concerning impairment threshold applied in this study as well as this study being rated as
‘Moderate’ quality. Three studies did not reveal impairment on some tests (Dondaine et al.,

2022; Dressing et al., 2022; Krishnan et al., 2022). These tests included the Trail Making
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Test-A (TMT-A) which is used as a measure of attention in other studies (Dondaine et al.,
2022); Digit-Span Backwards (DSB), Trail Making Test-B (TMT-B) and a German version
of the Colour-Word Interference Test (FWIT) (Dressing et al., 2022); and, Colour Word
Interference Tests (CWIT), which involve aspects of inhibition (Krishnan et al., 2022).

Of the seven studies which assessed EF without significant influence of processing
speed ability, six studies reported impairments ranging from 5% to 16.3% (Albu et al., 2021;
Delgado-Alonso et al., 2022). The highest prevalence of impairment was 16.3% on the Tower
of London task (Delgado-Alonso et al., 2022). The authors reported that compared to
controls, the frequency of impairment among PCS patients was at least three times more
frequent on tests of inhibition.

Where a percentage of impairment was not available (n=6), four studies analysed their
results using a comparison group which revealed significantly worse EF performance in the
PCS sample (Crivelli, Calandri, et al., 2022; Ferrando et al., 2022; Garcia-Molina et al., 2022;
Voruz, Cionca, et al., 2022). One study used healthy controls as comparators, (Crivelli,
Calandri, et al., 2022), while the other three utilised COVID-19 participants in control

analyses (Ferrando et al., 2022; Garcia-Molina et al., 2022; Voruz, de Alcantara, et al., 2022).
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Table 7

Results: Executive Function

Study;
Country

Cognitive
Assessment

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Albu et al. (2021);
Spain

Working memory: DSB
Executive control: PMR

ICU; Non-ICU!
5%:; 15%
62%:; 64%

BirbergThornberg et
al. (2022);
Sweden

CWIT-Inhibition
CWIT-Inhibition/ Switching
D-KEFS EF Composite Score

<1.58D; <2D
12.4%; 8.8%
12.8%; 11.9%
10.6%; 7.1%

No significant differences between
ICU and non-ICU on EF tasks, or any
other cognitive indices; Level of
education predicted EF indices

Braga et al. (2022); M z-score No association between anxiety and
Brazil DKEFS Phonemic Fluency -0.63 £0.99 depression scores nor severity of
COVID-19 symptoms with objective
cognitive tests; No differences between
hospitalised and non-hospitalised
patients on objective cognitive tests.
Calabria et al. TMT-A? 16.7% Fatigue was predicted by depression,
(2022); TMT-B? 23.5% apathy, anxiety and working memory
Spain Stroop-Reading? 28% the greater the cognitive deficits, the
Stroop-Colour? 38.6% greater the total fatigue scores.
Stroop-Inhibition? 24.2%
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Study; Cognitive Results (% Impaired) Variables associated with ongoing
Country Assessment symptoms
Cecchetti et al. Covid; HC
(2022); Overall executive impairment? 3%
SDMT: 41.8; N/A
Italy DSB: 3.7;4.7
TMT-A: 42.6; 33.5
TMT-BA: 75.9; 70.8
Cognitive Estimations: 4.7, N/A
Phonemic Fluency: 31.9;36.3
Crivelli et al. Covid; HC Significant differences b/w groups’

(2022); TMT-B: 107 (76)***; 62 (22) impaired* scores on executive
WCST-Categories: 5.59 (1.04)*; 6.00 (0.00) functions (p=<0.001, Cohen's d =1.4).
Argentina WCST-Preservative: 2.94 (4.63)**; 0.89 (1.29)
Delgado-Alonso et | TMT-B* 10%** Subjective mental ability, fatigue and
al. (2022); TOL? 16.3% olfactory dysfunction were moderately
Spain N-Back Verbal Test* 14%** associated executive function tasks;
INHIB* 329%* Anxiety was weakly associated with
executive function tasks; Depression
was weakly associated only 1
attentional task and 1 executive
function task.
Dondaine et al. TMT-A3 0%
(2022); TMT-B’ 2%
France Digit Span-23 11%
Phonemic Fluency’ 6%
Semantic Fluency’ 9%
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Study; Cognitive Results (% Impaired) Variables associated with ongoing
Country Assessment symptoms
Dressing et al. DSB® 0%
(2022); Phonemic Fluency® 6%
Germany Semantic Fluency® 6%
FWIT® 0%
TMT-BS¢ 0%
Ferrando et al. CS: NCS (M, SD)®
(2022); TMT-A: 46.2(12.2); 48.6(11.0)
TMT-B: 43.1(9.8)***; 48.4(11.6)
USA Phonemic-Fluency: 45.4(9.5)**; 50.4(10.7)

Semantic Fluency:
Stroop:

47.8(9.5)*; 51.0(11.8)
43.6(9.2)%**; 54.6(12.1)

Garcia-Molina et al.

Covid; Control (M, SD)

(2022); DSB: 4.31 (1.05); 4.34 (0.86)
Spain Phonemic Fluency: 35.86 (11.35)*; 41.59 (14.65)
Garcia-Séanchez et Distribution of test scores (% test scores)’ Multiple-domain impairment (60.3%)
al. (2022); was more common than single-domain
DSB impairment (39.7%).
Spain <8 6 (9.52%)
9-24 7 (11.11%) Multiple-domain impairments most
>25 50 (79.37%) frequent among attention and
TMT-A executive function (9.5%).
<8 8 (12.70%)
9-24 15(23.81%) Attentional impairments most common
>25 40 (63.49%) single-domain impairment (19%) while
TMT-B executive function was less common
<q 12 (19.67%) (4.8%).
9-24 17 (27.87%)
>25 32 (52.46%)
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Study;
Country

Cognitive
Assessment

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Stroop-Colour

No correlation found between

<8 20 (32.79%) attention/ executive function with
9-24 10 (16.39%) hospitalisation and disease duration.
>25 31 (50.82%)
Stroop-Inhibition
<8 14 (22.95%)
9-24 9 (14.75%)
>25 38 (62.30%)
Krishnan et al. Phonemic Fluency* 16%
(2022); TMT-B* 5%
Matrix Reasoning® 5%
USA Similarities® 0%
CWIT-Inhibition* 11%
CWIT-Inhibition/ Switching* 0%
WCST*:
Total Errors 11%
Perseverative 16%
Conceptual Responses 11%
Categories 11%
SL Errors 16%
Ortelli, Benso, et al. Covid; HC (M, SD)
(2022); Stroop-Inhibition: 277.2; 131.6
Italy
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Study;
Country

Cognitive
Assessment

Results (% Impaired)

Variables associated with ongoing
Ssymptoms

Voruz, de Alcantara,
et al. (2022);

Switzerland

Executive Function (11-tests) 1
Total >4 low scores

Mild >2 low scores

Moderate >4 low scores

Severe >2 low scores

6.61%
16.33%
12.5%
29.17%

Voruz, Cionca, et al.
(2022);

Switzerland

Stroop-Inhibition

Working Memory (WM)
MEM III:

Visuospatial WM?>:
TAP-WM Omissions:
TAP-WM False-Alarms:
Mental Flexibility
TMT-BA:

Phonemic Fluency:
Semantic Fluency:

Anosognosic; Nosognosic (M, SD)

51.43 (£19.47); 49.93 (+22.01)

8.12 (£2.07); 8.38 (+1.87)
7.50 (£1.73); 7.72 (£1.82)
2.38 (£3.02); 2.25 (+2.03)
3.85 (£6.04); 3.04 (+3.31)

77.46 (£75.42); 49.72(£37.62)*
19.54 (£6.67); 22.07 (£6.65)
28.73 (x10.57); 31.70 (+8.82)

!=no details given regarding analysis to define “% of patients with altered cognitive tests; > = Cognitive impairment of T-scores <36; 3 =

Cognitive impairment was defined by a performance lower than the assessment-specific normative values in at least two tests within the same
domain; *=;Cognitive impaired classified as z score of <1.5 SD below assessment-specific normative data; > = Cognitive impairment defined as
T-score of <35, corresponding to 1.5SD from normative mean; ¢ = Cognitive impairment defined as z-score of <2SD from assessment-specific
normative mean; ’ = Scores defined according to Guilmette et al. (2020) Pc < 8 as below average and exceptionally low score, Pc 9-24 as low
average score and Pc > 25 as average or above; 8= Subtests from the WAIS-IV; ° = the percentage of the normative population who would
exhibit one or more, two or more, three or more, or four or more abnormally low scores, applying a conservative threshold < 5th percentile

which is equal to <1.67SD from normative mean; Cumulative percentages of patients significantly above the estimated percentage for the

10 —

normative population after false detection rate (FDR) correction.
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Abbreviations: CWIT: Colour Word Interference Test from Delis-Kaplan Executive Function System (D-KEFS); Digit Span-2: Subtest (WMS);
DSB: Digit Span Backwards; FWIT: Colour-Word Interference Test (German Version: Farbe-Wort-Interferenztest); INHIB: Inhibition Response
(a variant of the go-no go task); PMR: Spanish version of FAS letter phonemic fluency task; RBANS; ROCFT: SDMT: Symbol Digit Modalities
Test; Stroop: Stroop Task; TAP: Test of Attentional Performance; TMT-A: Trail Making Test Part-A; TMT-B: Trail Making Test Part-B; TOL:
Tower of London; WAF: WAF battery; WCST: Wisconsin Card Sorting Test.

Significance levels * = p<0.05; ** = p<0.01; *** = p<0.001.
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8.3.4 Individual Differences Related to Cognitive Function

8.3.4.1 Hospitalisation
All five studies found no significant relationship between hospitalisation and

cognitive impairment (Albu et al., 2021; Birberg Thornberg et al., 2022; Braga et al., 2022;
Calabria et al., 2022; Garcia-Sanchez et al., 2022). Specifically, two studies that categorised
PCS participants as requiring ICU or general ward level care revealed no greater impairments

in those in ICU (Albu et al., 2021; Birberg Thornberg et al., 2022).

8.3.4.2 Clinical Variables
The clinical variables assessed differed considerably across studies. Three of four

studies reported no relationship between severity of acute COVID-19 disease and cognitive
impairment (Birberg Thornberg et al., 2022; Crivelli, Calandri, et al., 2022; Hellgren et al.,
2021). Here, all three studies deployed the WHO Clinical Progression Scale to assess disease
severity which differed from the measure used by Ferrando et al. (2022) who did find a
negative impact of disease severity on cognitive function. The measure used here was
adapted from the Centres for Disease Control and Prevention COVID-19 symptoms which is
scored from 0 to 33. Those who needed supplemental oxygen, a step-down from mechanical
ventilation, were associated with significantly worse memory and EF performance (Dondaine

et al., 2022).

8.3.4.3 Psychiatric Factors
Two of five studies reported significant negative effects of anxiety across all domains

of cognitive function (Crivelli, Calandri, et al., 2022; Delgado-Alonso et al., 2022).

Three of five studies reported significant negative effects of depression on cognitive
function, specifically relating to attention and EF (Delgado-Alonso et al., 2022; Ferrando et
al., 2022; Ortelli, Benso, et al., 2022). However, in one study, despite reporting a significant

relationship, the variance of the cognitive tests explained by depression (BDI-II) or anxiety
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(STAI) measures was low, (<15%), suggesting that cognitive deficits were not secondary to
psychiatric factors (Delgado-Alonso et al., 2022). The average sample size of the studies
which reported significant effects was much smaller at 61.3 compared to 373.5 for the two
studies to report no significant effects (Birberg Thornberg et al., 2022; Braga et al., 2022).
Fatigue was associated with poorer cognitive function among all four studies
assessing this relationship, particularly within domain of attention (Calabria et al., 2022;

Delgado-Alonso et al., 2022; Ortelli, Benso, et al., 2022; Ortelli, Ferrazzoli, et al., 2022).
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9.1 Discussion
9.1 Main Findings

Nineteen studies contributed to the results, with 12 reporting prevalence rates. The
aims of the current review were to ascertain whether there was evidence of impairments in
the cognitive domains integral to GDB among PCS individuals. These included memory,
attention and EF, all of which were highlighted as impaired.

Secondly, there was varying evidence of individual and clinical differences impacting
cognitive impairment. No significant relationship existed between hospitalisation and
cognitive function. Just one of four studies identified a relationship between acute severity of
the disease and cognitive function. During the acute stage of the disease, those requiring
supplemental oxygen appeared to have worse cognitive function. Depression and to a lesser
extent, anxiety, negatively influenced cognitive function. And finally, across all 4 studies,
fatigue was consistently found to negatively impact cognitive function, especially in the
domains of memory and attention.

9.2 Cognitive Dysfunction

Cognitive impairment was evident across all cognitive subdomains, with varying
levels of impairment; the most frequently reported cognitive impairments were found in
verbal learning, delayed verbal memory, sustained and selective attention, and, on EF tests,
particularly influenced by processing speed. The results indicated that cognitive rehabilitation
approaches targeting GDB may be suitable for PCS patients.

The current findings align with a previous systematic review which highlighted
impairments across memory, attention and EF, as assessed mainly by screening measures
(Daroische et al., 2021). Moreover, the cognitive impairments documented in the current
review align with recent neuroimaging data which has demonstrated reduced tissue perfusion

(Yus et al., 2022) and widespread cerebral hypometabolism across areas including the
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prefrontal cortex, anterior cingulate, insula and caudate nucleus, which was maintained at 6-
months’ post-infection (Kas et al., 2021). Critically, these areas support GDBs; the anterior
cingulate is implicated with initiation, attentional control and problem-solving (Kotchoubey
et al., 2003); the orbitofrontal cortex is associated with motivation (Hare et al., 2010); the
medial frontal cortex is associated with self-monitoring and error adaptation (Van Noordt &
Segalowitz, 2012), while the caudate nucleus is similarly involved in planning the execution
of movement, learning, memory, reward motivation and inhibitory control of action.
Furthermore, a recent neuroimaging data meta-analysis revealed a particular reduction in the
connectivity of the thalamo-cortico-cerebellar pathways which are associated with internal
reward systems and self-awareness, essential for GDB (Parsons et al., 2021).

The current review highlighted impairments on tests of short-term and delayed
memory which are associated in the research with fronto-parietal and temporal regions of the
brain, respectively (Assem et al., 2020; Chai et al., 2018; Hershey et al., 1998; Simons &
Spiers, 2003; Zokaei et al., 2019). Impairments in these cortical areas have been corroborated
to a varying degree by neuroimaging data of PCS patients (Hosp et al., 2021; Shan et al.,
2022). Interestingly, several studies in a recent systematic review of neuroimaging data
reported improvements in brain abnormalities and memory impairments over time which
aligns with patterns from the current review (Shan et al., 2022). For example, in the study by
Cecchetti et al. (2022), compared to healthy controls, PCS patients exhibited no significantly
different impairments across cognitive domains and compared to other studies within the
review, these participants had the longest time since infection (10 months). This suggests that
cognitive function might be restored over time. However, without longitudinal data, it is
premature to draw such conclusions.

The higher levels of impairment seen on EF tests with a processing speed influence,

in particular verbal fluency, aligns with a past systematic review (Daroische et al., 2021)
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offering several explanations with implications for service provision. There were no obvious
clinical or demographic characteristics which differentiated studies with lower and higher
verbal fluency impairments. Verbal fluency tasks capture multiple aspects of executive
functioning, including the ability to develop strategies to organise information, maintain rules
of the task in working memory (Henry & Crawford, 2004) and inhibit irrelevant answers
(Hirshorn & Thompson-Schill, 2006). It may be that a cumulative effect of impairments
among these abilities account for the greater impairments, rather than impairment across one
specific ability e.g., working-memory. These results may also be associated with the
increased rate of fatigue in the PCS population (Ceban et al., 2022), which is known to
impact processing speed (Jonasson et al., 2018). This aligns with the current review where all
four studies reported a deleterious effect of fatigue on cognitive functioning. The findings
highlighted that cognitive domains necessary for GDBs are impaired, indicating that
cognitive rehabilitation programmes such as Goal Management Training (GMT) may be
appropriate for PCS individuals.

9.3 Individual Differences

There was insufficient evidence across studies to conclude that any individual
difference predictably contributed to cognitive impairment. The only consistent finding was
that of fatigue which appeared to negatively influence cognitive function.

In the current review, despite higher prevalence rates of impairment reported among
hospitalised samples, no association between hospitalisation and cognitive impairment was
found in all five studies. This contrasts to previous research which has demonstrated a
relationship between these factors (Mathews et al., 2014). However, there are other variables
associated with hospitalisation which may account for the cognitive impairments evidenced
in the current review. For example, research has prioritised intensive care settings where

conditions such as acute respiratory distress syndrome (ARDS) and delirium are more
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common and may account for cognitive change (MacLullich et al., 2009; Mikkelsen et al.,
2012).

Patients requiring supplemental oxygen had associated greater cognitive impairments,
specifically across memory and attentional tasks (Dondaine et al., 2022). This aligns with a
recent study of COVID-19 survivors one-month post hospital discharge (Almeria et al.,
2020). Hypoxia-related cognitive impairments have been documented in numerous diseases
(Lanteaume et al., 2016), including acute-respiratory distress syndrome (Sasannejad et al.,
2019).

Several studies within the current review examined whether a relationship existed
between neuropsychiatric factors and cognitive function and as outlined above, the evidence
was variable. Depression, more so than anxiety, appeared to negatively impact cognitive
function, particularly affecting attention and EF. This aligns with a recent study which found
that depression, not anxiety, was a significant predictor of cognitive dysfunction despite
controlling for individual differences including acute illness severity (Brown et al., 2022). In
the aforementioned study, severity of depression was associated with impaired attention and
EF, specifically verbal fluency, aligning with the findings of the current review. Mazza et al.
(2021) reported similar results. Elevated rates of neuropsychiatric symptoms are related to
almost all acute or chronic illness and current findings indicate that PCS is no different (Scott
& Schoenberg, 2010; Vanderlind et al., 2021).

Four studies documented the detrimental impact of fatigue on cognitive function,
particularly sustained attention. This is in contrast to recent research which did not find any
relationship between these variables in a PCS sample, suggesting that fatigue and cognitive
dysfunction are two discrete consequences of COVID-19 (Hartung et al., 2022). The current
results align with previous research among acquired brain injury populations, where

associations between fatigue and sustained attention are observed (Dillon et al., 2022),

64



relating to the concept that fatigue can temporarily reduce attentional capacity (Zimmermann
& Leclercq, 2004).
9.4 Implications for Service Development and Rehabilitation

Goal Management Training (GMT), a standardised cognitive remediation protocol
targeting executive functions necessary for GDBs, has recently proven beneficial across
nineteen patient populations with cognitive impairments (Stamenova & Levine, 2019),
including psychiatric populations with depression and PTSD who face similar executive
functioning difficulties (Hagen et al., 2020). A recent systematic review highlighted that
GMT has additional beneficial outcomes to long-term memory, indicating that GMT could be
an effective rehabilitation intervention for PCS patients (Stamenova & Levine, 2019). GMT
may simultaneously target ongoing psychological difficulties in PCS patients (Hagen et al.,
2020; Millman et al., 2022). Indeed, a randomised controlled trial analysing the efficacy of
GMT in PCS is underway (Hagen et al., 2022). The current findings indicate that
standardised rehabilitation strategies targeting GDBs will be important in streamlining
services and supporting patients to manage the ongoing cognitive sequelae with the aim of
increasing functioning and reducing disability.
9.5 Strengths

The reviewers searched a variety of databases, including the grey literature, to ensure
the adequate capture of new studies given the quickly evolving research surrounding COVID-
19. The review criteria demanded that studies made concerted efforts that cognitive
impairments did not precede COVID-19 infection to limit interference with outcome data.
Furthermore, by excluding studies which solely used screening tools to assess cognitive
function, the outcomes are likely more sensitive and therefore a more accurate representative

of cognitive dysfunction among this emerging population.
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9.6 Limitations

There was substantial variance across the studies, making it difficult to draw reliable
conclusions, including the varying criteria to define impaired test scores, different control
groups used and differing definitions of acute COVID-19 severity. For instance, severity was
variously defined via the WHO Clinical Progression Scale (Ortelli, Ferrazzoli, et al., 2022);
an adapted instrument from the Centres for Disease Control and Prevention COVID-19
Symptoms (CDC; (Ferrando et al., 2022) and a modified scale developed by the Robert
Kock-Institute (Dressing et al., 2022). Moreover, no studies indicated which SARS-Cov-19
variant participants were experiencing, (Delta, Beta, Gamma etc.), which may differentially
impact cognitive function.

There was an overrepresentation of studies with hospitalised individuals, reflecting a
sampling bias. Additionally, there were several studies where the range of time-from-
infection was less than 12 weeks, yet the mean was 12 weeks or more, resulting in potentially
skewed cognitive outcomes. It would be recommended that future studies set a definition of
PCS patient group according to the NICE-SIGN-RCGP (2021) definition to ensure
comparability across studies. Lastly, COVID-19 research is incredibly fast paced and from
the time of conception to write-up, several other systematic reviews reporting on cognitive
impairments associated with COVID-19 have been published, although without a specific
focus on PCS patients (Biagianti et al., 2022; Velichkovsky et al., 2023). The researcher
wishes to acknowledge this, although clearly had no prior means of anticipating the
publication of said reviews. Further, the writer has made concerted efforts to propose a
unique angle examining impairments specifically relating to GDB which may relate to the
current reduced workforce and secondly, examine studies which analysed PCS affected
individuals, not individuals previously infected with COVID-19 in the broader definition.
These aforementioned distinctions are important to highlight in the context of this strategic

review.
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9.7 Future Research

Currently, much of the research design limits an understanding of the trajectory of
cognitive impairment among PCS patients across vocational and occupational environments,
indicating further qualitative and quantitative longitudinal research with larger sample sizes
is needed. It will be important to stratify participants by disease severity in ongoing research
to understand the differing impact, using a common outcome measure of disease severity
(Marshall et al., 2020). It may be that those who required ICU level of care better reflect a
population with post-intensive care syndrome (PICS) (Jackson et al., 2014). Indeed, a recent
study remarked that 75% of a PCS sample from ICU met PICS criteria and their needs may
differ from other subgroups of PCS patients (Nanwani-Nanwani et al., 2022). Future research
ought also to increase the representation of those who did not require hospitalisation for their
symptoms.

Additionally, individuals with pre-existing as well as no prior cognitive impairments
require inclusion in future research, to determine the impact of SARS-Cov2-19 on current
cognitive functioning. Existing research data of pre-pandemic outcomes may be deployed to
evaluate intra-individual changes in those who were infected and later developed PCS.
Research in this area for future consideration ought also to expand cross-culturally, paying
particular attention to different sociodemographic and ethnic backgrounds, given that
COVID-19 has disproportionately affected Black, Asian and Minority Ethnic communities
(Nolen et al., 2022). As above, higher quality studies are needed to enable researchers and
clinicians to draw accurate conclusions.

9.8 Conclusion

This review indicates that cognitive impairments are evident across domains of
memory, attention and executive function in PCS participants and that certain psychological
factors, notably fatigue, have a negative influence on cognitive functioning. Time from

infection in studies included in the current review ranged from 3.4 to 10 months, so future
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longitudinal research is required to establish whether impairments persist or alleviate over
time. For the significant number of PCS patients currently out of work, standardised
interventions targeting GDBs may prove effective in alleviating disability and increasing

well-being in the short-term.

68



10.1 Bibliography

Albu, S., Zozaya, N. R., Murillo, N., Garcia-Molina, A., Chacon, C. A. F., & Kumru, H.
(2021). What's going on following acute COVID-19? Clinical characteristics of
patients in an out-patient rehabilitation program. NeuroRehabilitation (Reading,
Mass.), 48(4), 469-480. https://doi.org/10.3233/NRE-210025

Alkodaymi, M. S., Omrani, O. A., Fawzy, N. A., Shaar, B. A., Almamlouk, R., Riaz, M.,
Obeidat, M., Obeidat, Y., Gerberi, D., Taha, R. M., Kashour, Z., Kashour, T., Berbari,
E. F., Alkattan, K., & Tleyjeh, I. M. (2022). Prevalence of post-acute COVID-19

syndrome symptoms at different follow-up periods: a systematic review and meta-
analysis. Clinical microbiology and infection, 28(5), 657-666.
https://doi.org/10.1016/j.cmi.2022.01.014

Almeria, M., Cejudo, J. C., Sotoca, J., Deus, J., & Krupinski, J. (2020). Cognitive profile

following COVID-19 infection: Clinical predictors leading to neuropsychological
impairment. Brain, behavior, & immunity. Health, 9, 100163-100163.
https://doi.org/10.1016/].bbih.2020.100163

Amalakanti, S., Arepalli, K. V. R., & Jillella, J. P. (2021). Cognitive assessment in
asymptomatic COVID-19 subjects. VirusDisease, 32(1), 146-149.
https://doi.org/10.1007/s13337-021-00663-w

Assem, M., Blank, 1. A., Mineroff, Z., Ademoglu, A., & Fedorenko, E. (2020). Activity in the

fronto-parietal multiple-demand network is robustly associated with individual
differences in working memory and fluid intelligence. Cortex, 131, 1-16.

Benedictus, M. R. M., Spikman, J. M. P., & van der Naalt, J. M. D. P. (2010). Cognitive and
Behavioral Impairment in Traumatic Brain Injury Related to Outcome and Return to
Work. Archives of physical medicine and rehabilitation, 91(9), 1436-1441.
https://doi.org/10.1016/j.apmr.2010.06.019

Beydoun, M. A., Beydoun, H. A., Gamaldo, A. A., Teel, A., Zonderman, A. B., & Wang, Y.

(2014). Epidemiologic studies of modifiable factors associated with cognition and
dementia: Systematic review and meta-analysis. BMC public health, 14(1), 643-643.
https://doi.org/10.1186/1471-2458-14-643

Beyrouti, R., Adams, M. E., Benjamin, L., Cohen, H., Farmer, S. F., Goh, Y. Y., Humphries,
F., Jager, H. R., Losseff, N. A., Perry, R. J., Shah, S., Simister, R. J., Turner, D.,
Chandratheva, A., & Werring, D. J. (2020). Characteristics of ischaemic stroke

69



associated with COVID-19. Journal of Neurology, Neurosurgery & Psychiatry, 91(8),
889-891. https://doi.org/10.1136/jnnp-2020-323586 (Letter)

Biagianti, B., Di Liberto, A., Nicold Edoardo, A., Lisi, 1., Nobilia, L., de Ferrabonc, G. D.,
Zanier, E. R., Stocchetti, N., & Brambilla, P. (2022). Cognitive assessment in SARS-

CoV-2 patients: a systematic review. Frontiers in Aging Neuroscience, 14, 1-12.

Biederman, J., & Faraone, S. V. (2006). The effects of attention-deficit/hyperactivity disorder
on employment and household income. Medscape general medicine, §(3), 12-12.

Biederman, J., Petty, C. R., Fried, R., Doyle, A. E., Spencer, T., Seidman, L. J., Gross, L.,
Poetzl, K., & Faraone, S. V. (2007). Stability of executive function deficits into young
adult years: a prospective longitudinal follow-up study of grown up males with
ADHD. Acta psychiatrica Scandinavica, 116(2), 129-136.
https://doi.org/10.1111/].1600-0447.2007.01008.x

Birberg Thornberg, U., Andersson, A., Lindh, M., Hellgren, L., Divanoglou, A., & Levi, R.
(2022). Neurocognitive deficits in COVID-19 patients five months after discharge

from hospital. Neuropsychological rehabilitation, ahead-of-print(ahead-of-print), 1-
25. https://doi.org/10.1080/09602011.2022.2125020
Boogaard, M. H. W. A. v. d., Schoonhoven, L., Evers, A. W., Hoeven, J. G. v. d.,

Achterberg, T. v., & Pickkers, P. (2012). Delirium in critically ill patients: Impact on
long-term health-related quality of life and cognitive functioning. Critical care
medicine, 40(1), 112-118. https://doi.org/10.1097/CCM.0b013e31822e¢9fc9

Braga, L. W., Oliveira, S. B., Moreira, A. S., Pereira, M. E., Carneiro, V. S., Serio, A. S.,
Freitas, L. F., Isidro, H. B. L., & Souza, L. M. N. (2022). Neuropsychological

manifestations of long COVID in hospitalized and non-hospitalized Brazilian
Patients. NeuroRehabilitation (Reading, Mass.), 50(4), 391-400.
https://doi.org/10.3233/NRE-228020

Brooks, B. L., Sherman, E. M. S., Iverson, G. L., Slick, D. J., & Strauss, E. (2010).

Psychometric Foundations for the Interpretation of Neuropsychological Test Results.
In (pp. 893-922). Springer US. https://doi.org/10.1007/978-0-387-76978-3 31
Brown, L. A., Ballentine, E., Zhu, Y., McGinley, E. L., Pezzin, L., & Abramoft, B. (2022).

The unique contribution of depression to cognitive impairment in Post-Acute
Sequelae of SARS-CoV-2 infection. Brain, behavior, & immunity. Health, 22,
100460-100460. https://doi.org/10.1016/1.bbih.2022.100460

Buschman, T. J., & Miller, E. K. (2014). Goal-direction and top-down control. Philosophical
Transactions of the Royal Society B: Biological Sciences, 369(1655), 20130471.

70



Calabria, M., Garcia-Sanchez, C., Grunden, N., Pons, C., Arroyo, J. A., Gdmez-Anson, B.,
Estévez Garcia, M. d. C., Belvis, R., Morollén, N., Vera Igual, J., Mur, 1., Pomar, V.,
& Domingo, P. (2022). Post-COVID-19 fatigue: the contribution of cognitive and
neuropsychiatric symptoms. Journal of neurology, 269(8), 3990-3999.
https://doi.org/10.1007/s00415-022-11141-8

Ceban, F., Ling, S., Lui, L. M. W., Lee, Y., Gill, H., Teopiz, K. M., Rodrigues, N. B.,
Subramaniapillai, M., Di Vincenzo, J. D., Cao, B., Lin, K., Mansur, R. B., Ho, R. C.,
Rosenblat, J. D., Miskowiak, K. W., Vinberg, M., Maletic, V., & Mclntyre, R. S.

(2022). Fatigue and cognitive impairment in Post-COVID-19 Syndrome: A systematic
review and meta-analysis. Brain, behavior, and immunity, 101, 93-135.

https://doi.org/10.1016/1.bbi.2021.12.020

Cecchetti, G., Agosta, F., Canu, E., Basaia, S., Barbieri, A., Cardamone, R., Bernasconi, M.
P., Castelnovo, V., Cividini, C., Cursi, M., Vabanesi, M., Impellizzeri, M., Lazzarin,
S. M., Fanelli, G. F., Minicucci, F., Giacalone, G., Falini, A., Falautano, M., Rovere-
Querini, P., . . . Filippi, M. (2022). Cognitive, EEG, and MRI features of COVID-19
survivors: a 10-month study. Journal of neurology, 269(7), 3400-3412.
https://doi.org/10.1007/s00415-022-11047-5

Chai, W. J., Abd Hamid, A. 1., & Abdullah, J. M. (2018). Working memory from the

psychological and neurosciences perspectives: a review. Frontiers in psychology, 9,
401.

Crivelli, L., Calandri, 1., Corvalan, N., Agostina Carello, M., Keller, G., Martinez, C.,
Arruabarrena, M., & Allegri, R. (2022). Cognitive consequences of COVID-19:
results of a cohort study from South America. Arquivos de neuro-psiquiatria, 80(3),
240-247. https://doi.org/10.1590/0004-282X-ANP-2021-0320

Crivelli, L., Palmer, K., Calandri, 1., Guekht, A., Beghi, E., Carroll, W., Frontera, J., Garcia-
Azorin, D., Westenberg, E., Winkler, A. S., Mangialasche, F., Allegri, R. F., &
Kivipelto, M. (2022). Changes in cognitive functioning after COVID-19: A

systematic review and meta-analysis. Alzheimer's & dementia, 18(5), 1047-1066.

https://doi.org/10.1002/alz.12644

Cullen, N. K., & Weisz, K. (2011). Cognitive correlates with functional outcomes after
anoxic brain injury: A case-controlled comparison with traumatic brain injury. Brain

injury, 25(1), 35-43. https://doi.org/10.3109/02699052.2010.531691

71



Daroische, R., Hemminghyth, M. S., Eilertsen, T. H., Breitve, M. H., & Chwiszczuk, L. J.
(2021). Cognitive impairment after COVID-19—a review on objective test data.
Frontiers in neurology, 12, 699582.

Davis, H. E., Assaf, G. S., McCorkell, L., Wei, H., Low, R. J., Re'em, Y., Redfield, S.,
Austin, J. P., & Akrami, A. (2021). Characterizing long COVID in an international
cohort: 7 months of symptoms and their impact. EClinicalMedicine, 38, 101019-
101019. https://doi.org/10.1016/j.eclinm.2021.101019

Deeks, J. J., Higgins, J. P., & Altman, D. G. (2022). Chapter 10: Analysing data and

undertaking meta-analyses. In T. J. Higgins JPT, Chandler J, Cumpston M, Li T, Page
MJ, Welch VA (Ed.), Cochrane Handbook for Systematic Reviews of Interventions
version 6.3. www.training.cochrane.org/handbook.

Del Brutto, O. H., Wu, S., Mera, R. M., Costa, A. F., Recalde, B. Y., & Issa, N. P. (2021).

Cognitive decline among individuals with history of mild symptomatic SARS-CoV-2
infection: A longitudinal prospective study nested to a population cohort. European
journal of neurology, 28(10), 3245-3253. https://doi.org/10.1111/ene.14775

Delgado-Alonso, C., Valles-Salgado, M., Delgado-Alvarez, A., Yus, M., Gomez-Ruiz, N.,
Jorquera, M., Polidura, C., Gil, M. J., Marcos, A., Matias-Guiu, J., & Matias-Guiu, J.
A. (2022). Cognitive dysfunction associated with COVID-19: A comprehensive

neuropsychological study. Journal of psychiatric research, 150, 40-46.
https://doi.org/10.1016/j.jpsychires.2022.03.033
Dillon, A., Casey, J., Gaskell, H., Drummond, A., Demeyere, N., & Dawes, H. (2022). Is

there evidence for a relationship between cognitive impairment and fatigue after
acquired brain injury: a systematic review and meta-analysis. Disability and
rehabilitation, ahead-of-print(ahead-of-print), 1-14.
https://doi.org/10.1080/09638288.2022.2152503

Dondaine, T., Ruthmann, F., Vuotto, F., Carton, L., Gelé, P., Faure, K., Deplanque, D., &

Bordet, R. (2022). Long-term cognitive impairments following COVID-19: a possible
impact of hypoxia. Journal of neurology, 269(8), 3982-3989.
https://doi.org/10.1007/s00415-022-11077-z

Dressing, A., Bormann, T., Blazhenets, G., Schroeter, N., Walter, L., Thurow, J., August, D.,
Hilger, H., Stete, K., Gerstacker, K., Arndt, S., Rau, A., Urbach, H., Rieg, S., Wagner,
D., Weiller, C., Meyer, P. T., & Hosp, J. A. (2022). Neuropsychologic Profiles and
Cerebral Glucose Metabolism in Neurocognitive Long COVID Syndrome. The

72



Journal of nuclear medicine (1978), 63(7), 1058-1063.
https://doi.org/10.2967/jnumed.121.262677

ECDC. (2022). Prevalence of post COVID-19 condition symptoms: a systematic review and
meta-analysis of cohort study data, stratified by recruitment setting. .

https://www.ecdc.europa.cu/sites/default/files/documents/Prevalence-post-COVID-

19-condition-symptoms.pdf

Ferrando, S. J., Dornbush, R., Lynch, S., Shahar, S., Klepacz, L., Karmen, C. L., Chen, D.,
Lobo, S. A., & Lerman, D. (2022). Neuropsychological, Medical, and Psychiatric
Findings After Recovery From Acute COVID-19: A Cross-sectional Study. Journal
of the Academy of Consultation-Liaison Psychiatry, 63(5), 474-484.
https://doi.org/10.1016/j.jaclp.2022.01.003

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state”: A practical

method for grading the cognitive state of patients for the clinician. Journal of
psychiatric research, 12(3), 189-198. https://doi.org/10.1016/0022-3956(75)90026-6
Franke, C., Ferse, C., Kreye, J., Reincke, S. M., Sanchez-Sendin, E., Rocco, A., Steinbrenner,
M., Angermair, S., Treskatsch, S., Zickler, D., Eckardt, K.-U., Dersch, R., Hosp, J.,
Audebert, H. J., Endres, M., Ploner, J. C., & Prii3, H. (2021). High frequency of

cerebrospinal fluid autoantibodies in COVID-19 patients with neurological
symptoms. Brain, behavior, and immunity, 93, 415-419.
https://doi.org/10.1016/].bbi.2020.12.022

Garcia-Molina, A., Garcia-Carmona, S., Espina-Bou, M., Rodriguez-Rajo, P., Sanchez-
Carrion, R., & Ensefiat-Cantallops, A. (2022). Neuropsychological rehabilitation for
post—-COVID-19 syndrome: results of a clinical programme and six-month follow up.
Neurologia (Barcelona, English ed. ). https://doi.org/10.1016/j.nrleng.2022.06.007

Garcia-Sanchez, C., Calabria, M., Grunden, N., Pons, C., Arroyo, J. A., Gdbmez-Anson, B.,
Lleo, A., Alcolea, D., Belvis, R., Morollén, N., Mur, 1., Pomar, V., & Domingo, P.

(2022). Neuropsychological deficits in patients with cognitive complaints after
COVID-19. Brain and Behavior, 12(3), €2508-n/a. https://doi.org/10.1002/brb3.2508
Griffiths, K. R., Morris, R. W., & Balleine, B. W. (2014). Translational studies of goal-

directed action as a framework for classifying deficits across psychiatric disorders.
Frontiers in systems neuroscience, §(MAY), 101-101.
https://doi.org/10.3389/fnsys.2014.00101

Guan, W.-j., Ni, Z.-y., Hu, Y., Hu, Y .-h,, Liang, Z.-j., Liang, W.-h., Ou, C.-q., He, J.-x., Liu,
Y., Liu, J.-y., Liu, L., Shan, H., Lei, C.-1., Hui, D. S. C., Du, B, Li, G., Li, S.-y., Li,

73



L.-j., Zeng, G., ... Zhong, N.-s. (2020). Clinical Characteristics of Coronavirus
Disease 2019 in China. The New England journal of medicine, 382(18), 1708-1720.
https://doi.org/10.1056/NEJM0a2002032

Gunstad, J., Lhotsky, A., Wendell, C. R., Ferrucci, L., & Zonderman, A. B. (2010).

Longitudinal Examination of Obesity and Cognitive Function: Results from the
Baltimore Longitudinal Study of Aging. Neuroepidemiology, 34(4), 222-229.
https://doi.org/10.1159/000297742

Hagen, B. 1., Lau, B., Joormann, J., Smastuen, M. C., Landre, N. 1., & Stubberud, J. (2020).

Goal management training as a cognitive remediation intervention in depression: A
randomized controlled trial. Journal of affective disorders, 275, 268-277.

Hagen, B. 1., Lerdal, A., Seraas, A., Landre, N. ., Be, R., Smastuen, M. C., Becker, J., &
Stubberud, J. (2022). Cognitive rehabilitation in post-COVID-19 condition: A study
protocol for a randomized controlled trial. Contemporary clinical trials, 122, 106955.

Hare, T. A., Camerer, C. F., Knoepfle, D. T., O'Doherty, J. P., & Rangel, A. (2010). Value
computations in ventral medial prefrontal cortex during charitable decision making
incorporate input from regions involved in social cognition. Journal of Neuroscience,
30(2), 583-590.

Hart, T., & Evans, J. (2006). Self-regulation and goal theories in brain injury rehabilitation.
The journal of head trauma rehabilitation, 21(2), 142-155.
https://doi.org/10.1097/00001199-200603000-00007

Hartung, T. J., Neumann, C., Bahmer, T., Chaplinskaya-Sobol, 1., Endres, M., Geritz, J.,
Haeusler, K. G., Heuschmann, P. U., Hildesheim, H., & Hinz, A. (2022). Fatigue and

cognitive impairment after COVID-19: A prospective multicentre study.
EClinicalMedicine, 53, 101651.

Hayhurst, C. J., Marra, A., Han, J. H., Patel, M. B., Brummel, N. E., Thompson, J. L.,
Jackson, J. C., Chandrasekhar, R., Ely, E. W., Pandharipande, P. P., & Hughes, C. G.
(2020). Association of Hypoactive and Hyperactive Delirium With Cognitive
Function After Critical Illness. Critical care medicine, 48(6), ¢480-¢488.
https://doi.org/10.1097/CCM.0000000000004313

Hellgren, L., Birberg Thornberg, U., Samuelsson, K., Levi, R., Divanoglou, A., & Blystad, 1.
(2021). Brain MRI and neuropsychological findings at long-term follow-up after
COVID-19 hospitalisation: an observational cohort study. BM.J open, 11(10),
€055164-e055164. https://doi.org/10.1136/bmjopen-2021-055164 (Original research)

74



Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen, C., Collange, O.,
Boulay, C., Fafi-Kremer, S., Ohana, M., Anheim, M., & Meziani, F. (2020).
Neurologic Features in Severe SARS-CoV-2 Infection. The New England journal of
medicine, 382(23), 2268-2270. https://doi.org/10.1056/NEJMc2008597

Henry, J. D., & Crawford, J. R. (2004). Verbal fluency deficits in Parkinson's disease: a meta-

analysis. Journal of the International Neuropsychological Society, 10(4), 608-622.

Hershey, T., Craft, S., Glauser, T. A., & Hale, S. (1998). Short-term and long-term memory
in early temporal lobe dysfunction. Neuropsychology, 12(1), 52.

Hirshorn, E. A., & Thompson-Schill, S. L. (2006). Role of the left inferior frontal gyrus in
covert word retrieval: neural correlates of switching during verbal fluency.
Neuropsychologia, 44(12), 2547-2557.

Hopkins, R. O., & Jackson, J. C. (2006). Long-term Neurocognitive Function After Critical
llness. Chest, 130(3), 869-878. https://doi.org/10.1378/chest.130.3.869

Hosp, J. A., Dressing, A., Blazhenets, G., Bormann, T., Rau, A., Schwabenland, M., Thurow,

J., Wagner, D., Waller, C., Niesen, W. D., Frings, L., Urbach, H., Prinz, M., Weiller,
C., Schroeter, N., & Meyer, P. T. (2021). Cognitive impairment and altered cerebral
glucose metabolism in the subacute stage of COVID-19. Brain, 144(4), 1263-1276.
https://doi.org/10.1093/brain/awab009

Jackson, J. C. D., Pandharipande, P. P. P., Girard, T. D. M. D., Brummel, N. E. M. D.,
Thompson, J. L. M. P. H., Hughes, C. G. M. D., Pun, B. T. M. S. N,, Vasilevskis, E.
E. M. D., Morandi, A. M. D., Shintani, A. K. P., Hopkins, R. O. P., Bernard, G. R. P.,
Dittus, R. S. P., & Ely, E. W. P. (2014). Depression, post-traumatic stress disorder,

and functional disability in survivors of critical illness in the BRAIN-ICU study: a
longitudinal cohort study. The lancet respiratory medicine, 2(5), 369-379.
https://doi.org/10.1016/S2213-2600(14)70051-7

Jaywant, A., Vanderlind, W. M., Alexopoulos, G. S., Fridman, C. B., Perlis, R. H., &

Gunning, F. M. (2021). Frequency and profile of objective cognitive deficits in

hospitalized patients recovering from COVID-19. Neuropsychopharmacology (New

York, N.Y.), 46(13), 2235-2240. https://doi.org/10.1038/s41386-021-00978-8
Jonasson, A., Levin, C., Renfors, M., Strandberg, S., & Johansson, B. (2018). Mental fatigue

and impaired cognitive function after an acquired brain injury. Brain and Behavior,
8(8), e01056.

Kas, A., Soret, M., Pyatigoskaya, N., Habert, M.-O., Hesters, A., Le Guennec, L., Paccoud,
0., Bombois, S., & Delorme, C. (2021). The cerebral network of COVID-19-related

75



encephalopathy: a longitudinal voxel-based 18F-FDG-PET study. European journal
of nuclear medicine and molecular imaging, 48(8), 2543-2557.

Kloszewska, M., Lyszczarz, B., & Kedziora-Kornatowska, K. (2021). Sociodemographic and
health-related factors associated with severity of cognitive impairment in elderly
patients hospital-ized in a geriatric clinic. Brain sciences, 11(2), 1-14.
https://doi.org/10.3390/brainscil 1020170

Kotchoubey, B., Schneck, M., Lang, S., & Birbaumer, N. (2003). Event-related brain

potentials in a patient with akinetic mutism. Neurophysiologie Clinique/Clinical
Neurophysiology, 33(1), 23-30.

Krishnan, K., Miller, A. K., Reiter, K., & Bonner-Jackson, A. (2022). Neurocognitive
Profiles in Patients With Persisting Cognitive Symptoms Associated With COVID-
19. Archives of clinical neuropsychology, 37(4), 729-737.
https://doi.org/10.1093/arclin/acac004

Ladds, E., Rushforth, A., Wieringa, S., Taylor, S., Rayner, C., Husain, L., & Greenhalgh, T.

(2020). Persistent symptoms after Covid-19: qualitative study of 114 “long Covid”
patients and draft quality principles for services. BMC health services research, 20(1),
1144-1144. https://doi.org/10.1186/s12913-020-06001-y
Landis, J. R., & Koch, G. G. (1977). The Measurement of Observer Agreement for
Categorical Data. Biometrics, 33(1), 159-174. https://doi.org/10.2307/2529310
Lanteaume, L., Cassé-Perrot, C., Lefebvre, M.-N., Audebert, C., Deguil, J., Auffret, A.,
Otten, L., Bartrés-Faz, D., Blin, O., & Bordet, R. (2016). Neurobehavioral and

cognitive changes induced by hypoxia in healthy volunteers. CNS & Neurological
Disorders-Drug Targets (Formerly Current Drug Targets-CNS & Neurological
Disorders), 15(7), 816-822.

Levine, B., Manly, T., & Robertson, 1. H. (2012). Trainer’s Manual: Goal Management
Training. Baycrest Centre for Geriatric Care.

Levine, B., Robertson, I. H., Clare, L., Carter, G., Hong, J., Wilson, B. A., Duncan, J., &
Stuss, D. T. (2000). Rehabilitation of executive functioning: An experimental—clinical
validation of Goal Management Training. Journal of the International
Neuropsychological Society, 6(3), 299-312.

Lezak, M. D. (2012). Neuropsychological assessment / Muriel D. Lezak [and others] (Fifth
edition. ed.). Oxford University Press.

Lopez-Leon, S., Wegman-Ostrosky, T., Perelman, C., Sepulveda, R., Rebolledo, P. A.,
Cuapio, A., & Villapol, S. (2021). More than 50 long-term effects of COVID-19: a

76



systematic review and meta-analysis. Scientific reports, 11(1).
https://doi.org/10.1038/s41598-021-95565-8
Lynch, S., Ferrando, S. J., Dornbush, R., Shahar, S., Smiley, A., & Klepacz, L. (2022).

Screening for brain fog: Is the montreal cognitive assessment an effective screening
tool for neurocognitive complaints post-COVID-19? General hospital psychiatry, 78,
80-86. https://doi.org/10.1016/j.genhosppsych.2022.07.013

MacLullich, A. M., Beaglehole, A., Hall, R. J., & Meagher, D. J. (2009). Delirium and long-

term cognitive impairment. International Review of Psychiatry, 21(1), 30-42.

Malik, P., Patel, K., Pinto, C., Jaiswal, R., Tirupathi, R., Pillai, S., & Patel, U. (2022). Post-
acute COVID-19 syndrome (PCS) and health-related quality of life (HRQoL)—A
systematic review and meta-analysis. Journal of Medical Virology, 94(1), 253-262.
https://doi.org/10.1002/jmv.27309

Marshall, J. C., Murthy, S., Diaz, J., Adhikari, N. K., Angus, D. C., Arabi, Y. M., Baillie, K.,
Bauer, M., Berry, S., Blackwood, B., Bonten, M., Bozza, F., Brunkhorst, F., Cheng,
A., Clarke, M., Dat, V. Q., de Jong, M., Denholm, J., Derde, L., . .. Zhang, J. (2020).

A minimal common outcome measure set for COVID-19 clinical research. The Lancet
infectious diseases, 20(8), €192-e197. https://doi.org/10.1016/S1473-3099(20)30483-
7

Mathews, S. B., Arnold, S. E., & Epperson, C. N. (2014). Hospitalization and cognitive

decline: can the nature of the relationship be deciphered? The American journal of
geriatric psychiatry, 22(5), 465-480.

Mattioli, F., Stampatori, C., Righetti, F., Sala, E., Tomasi, C., & De Palma, G. (2021).
Neurological and cognitive sequelae of Covid-19: a four month follow-up. Journal of
neurology, 268(12), 4422-4428. https://doi.org/10.1007/s00415-021-10579-6

Mazza, M. G., Palladini, M., De Lorenzo, R., Magnaghi, C., Poletti, S., Furlan, R., Ciceri, F.,

Rovere-Querini, P., & Benedetti, F. (2021). Persistent psychopathology and
neurocognitive impairment in COVID-19 survivors: Effect of inflammatory
biomarkers at three-month follow-up. Brain, behavior, and immunity, 94, 138-147.
https://doi.org/10.1016/].bbi.2021.02.021

Mclntyre, R. S., Anderson, N., Baune, B. T., Brietzke, E., Burdick, K., Fossati, P., Gorwood,
P., Harmer, C., Harrison, J., Harvey, P., Mansur, R. B., Medalia, A., Miskowiak, K.,
Ramey, T., Rong, C., Rosenblat, J. D., Young, A., & Stahl, S. M. (2019). Expert

Consensus on Screening and Assessment of Cognition in Psychiatry. CNS spectrums,

24(1), 154-162. https://doi.org/10.1017/S1092852918001189

77



Michelen, M., Manoharan, L., Elkheir, N., Cheng, V., Dagens, A., Hastie, C., O'Hara, M.,
Suett, J., Dahmash, D., Bugaeva, P., Rigby, 1., Munblit, D., Harriss, E., Burls, A.,
Foote, C., Scott, J., Carson, G., Olliaro, P., Sigfrid, L., & Stavropoulou, C. (2021).
Characterising long COVID: a living systematic review. BMJ global health, 6(9),
€005427. https://doi.org/10.1136/bmjgh-2021-005427

Mikkelsen, M. E., Christie, J. D., Lanken, P. N., Biester, R. C., Thompson, B. T., Bellamy, S.
L., Localio, A. R., EjigayehuDemissie, E., Hopkins, R. O., & Angus, D. C. (2012).

The adult respiratory distress syndrome cognitive outcomes study: Long-term
neuropsychological function in survivors of acute lung injury. American journal of
respiratory and critical care medicine, 185(12), 1307-1315.
https://doi.org/10.1164/rccm.201111-20250C

Miller, E., & Wallis, J. (2009). Executive function and higher-order cognition: definition and
neural substrates. Encyclopedia of neuroscience, 4(99-104).

Millman, H., Andrews, K., Harricharan, S., Goegan, S., Sanger, B., Beech, ., O'Connor, C.,
Lanius, R., & McKinnon, M. (2022). Public safety personnel feedback from a remote
trial of Goal Management Training for post-traumatic stress during Covid-19. Journal
of Community Safety and Well-Being, 7(1), 27-31.

Mourao, R. J., Mansur, G., Malloy-Diniz, L. F., Castro Costa, E., & Diniz, B. S. (2016).
Depressive symptoms increase the risk of progression to dementia in subjects with
mild cognitive impairment: systematic review and meta-analysis. International

Jjournal of geriatric psychiatry, 31(8), 905-911. https://doi.org/10.1002/gps.4406

Nanwani-Nanwani, K., Lopez-Pérez, L., Giménez-Esparza, C., Ruiz-Barranco, 1., Carrillo,
E., Arellano, M. S., Diaz-Diaz, D., Hurtado, B., Garcia-Muifioz, A., & Relucio, M. A.
(2022). Prevalence of post-intensive care syndrome in mechanically ventilated
patients with COVID-19. Scientific reports, 12(1), 7977.

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, L.,
Cummings, J. L., & Chertkow, H. (2005). The Montreal Cognitive Assessment,
MoCA: A Brief Screening Tool For Mild Cognitive Impairment. Journal of the
American Geriatrics Society, 53(4), 695-699. https://doi.org/10.1111/].1532-
5415.2005.53221.x

Nersesjan, V., Amiri, M., Lebech, A.-M., Roed, C., Mens, H., Russell, L., Fonsmark, L.,
Berntsen, M., Sigurdsson, S. T., Carlsen, J., Langkilde, A. R., Martens, P., Lund, E.
L., Hansen, K., Jespersen, B., Folke, M. N., Meden, P., Hejl, A.-M., Wamberg, C., . ..

Kondziella, D. (2021). Central and peripheral nervous system complications of

78



COVID-19: a prospective tertiary center cohort with 3-month follow-up. Journal of
neurology, 268(9), 3086-3104. https://doi.org/10.1007/s00415-020-10380-x
NICE-SIGN-RCGP. (2021). COVID-19 rapid guideline : managing the long-term effects of
COVID-19 (1-4731-3943-0). (NICE guideline ; Number 188, Issue.
Nittas, V., Gao, M., West, E. A., Ballouz, T., Menges, D., Hanson, S. W., & Puhan, M. A.
(2022). Long COVID Through a Public Health Lens: An Umbrella Review. Public
health reviews, 43, 1604501-1604501. https://doi.org/10.3389/phrs.2022.1604501

Nolen, L. T., Mukerji, S. S., & Mejia, N. L. (2022). Post-acute neurological consequences of
COVID-19: an unequal burden. Nature medicine, 28(1), 20-23.

Norton, A., Olliaro, P., Sigfrid, L., Carson, G., Paparella, G., Hastie, C., Kaushic, C., Boily-
Larouche, G., Suett, J. C., & O'Hara, M. (2021). Long COVID: tackling a
multifaceted condition requires a multidisciplinary approach. The Lancet infectious
diseases, 21(5), 601-602. https://doi.org/10.1016/S1473-3099(21)00043-8

O'Connor, E., Rednam, N., OBrien, R., OBrien, S., Rock, P., Levine, A., & Zeffiro, T. A.
(2022). Effects of SARS-CoV-2 Infection on Attention, Memory, and Sensorimotor

Performance. medRxiv.
ONS. (2022). Half a million more people are out of the labour force because of long-term
sickness.

https://www.ons.gov.uk/employmentandlabourmarket/peoplenotinwork/economicinac

tivity/articles/halfamillionmorepeopleareoutofthelabourforcebecauseoflongtermsickne
$8/2022-11-
10#:~:text=Source%3 A%200ffice%20for%20National %20Statistics%20%E2%80%9
3%?20Labour%?20Force%20Survey.-
Embed%?20code&text=01%20working%2Dage%20adults%2C%?20more,aged%2050
%20t0%2064%20years.

Ortelli, P., Benso, F., Ferrazzoli, D., Scarano, 1., Saltuari, L., Sebastianelli, L., Versace, V., &

Maestri, R. (2022). Global slowness and increased intra-individual variability are key
features of attentional deficits and cognitive fluctuations in post COVID-19 patients.
Scientific reports, 12(1), 13123-13123. https://doi.org/10.1038/s41598-022-17463-x
Ortelli, P., Ferrazzoli, D., Sebastianelli, L., Engl, M., Romanello, R., Nardone, R., Bonini, L.,
Koch, G., Saltuari, L., Quartarone, A., Oliviero, A., Kofler, M., & Versace, V. (2021).

Neuropsychological and neurophysiological correlates of fatigue in post-acute

patients with neurological manifestations of COVID-19: Insights into a challenging

79



symptom. Journal of the neurological sciences, 420, 117271-117271.
https://doi.org/10.1016/j.jns.2020.117271

Ortelli, P., Ferrazzoli, D., Sebastianelli, L., Maestri, R., Dezi, S., Spampinato, D., Saltuari, L.,
Alibardi, A., Engl, M., Kofler, M., Quartarone, A., Koch, G., Oliviero, A., & Versace,

V. (2022). Altered motor cortex physiology and dysexecutive syndrome in patients
with fatigue and cognitive difficulties after mild COVID-19. European journal of
neurology, 29(6), 1652-1662. https://doi.org/10.1111/ene.15278

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J.,
Grimshaw, J. M., Hrdbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson,
E., McDonald, S., . . . Moher, D. (2021). The PRISMA 2020 statement: an updated

guideline for reporting systematic reviews. BMJ (Online), 372, n71-n71.
https://doi.org/10.1136/bmj.n71
Parsons, N., Outsikas, A., Parish, A., Clohesy, R., D’aprano, F., Toomey, F., Advani, S., &

Poudel, G. (2021). Modelling the anatomic distribution of neurologic events in
patients with COVID-19: a systematic review of MRI findings. American Journal of
Neuroradiology, 42(7), 1190-1195.

Paterson, R. W., Brown, R. L., Benjamin, L., Nortley, R., Wiethoff, S., Bharucha, T.,
Jayaseelan, D. L., Kumar, G., Raftopoulos, R. E., Zambreanu, L., Vivekanandam, V.,
Khoo, A., Geraldes, R., Chinthapalli, K., Boyd, E., Tuzlali, H., Price, G., Christofi,
G., Morrow, J., . . . Zandi, M. S. (2020). The emerging spectrum of COVID-19
neurology: Clinical, radiological and laboratory findings. Brain, 143(10), 3104-3120.
https://doi.org/10.1093/brain/awaa240

Petersen, R. C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V., & Fratiglioni, L. (2014).

Mild cognitive impairment: a concept in evolution. Journal of Internal Medicine,

275(3), 214-228. https://doi.org/10.1111/joim.12190

Petersen, S. E., & Posner, M. 1. (2012). The attention system of the human brain: 20 years
after. Annual review of neuroscience, 35(1), 73-89. https://doi.org/10.1146/annurev-
neuro-062111-150525 (Annual Review of Neuroscience)

Rass, V., Beer, R., Schiefecker, A. J., Kofler, M., Lindner, A., Mahlknecht, P., Heim, B.,

Limmert, V., Sahanic, S., Pizzini, A., Sonnweber, T., Tancevski, 1., Scherfler, C.,
Zamarian, L., Bellmann-Weiler, R., Weiss, G., Djamshidian, A., Kiechl, S., Seppi, K.,
... Helbok, R. (2021). Neurological outcome and quality of life 3 months after

80



COVID-19: A prospective observational cohort study. European journal of
neurology, 28(10), 3348-3359. https://doi.org/10.1111/ene.14803
Reuschke, D., & Houston, D. (2022). The impact of Long COVID on the UK workforce.
Applied Economics Letters, 1-5. https://doi.org/10.1080/13504851.2022.2098239
Richardson, C., Stephan, B. C., Robinson, L., Brayne, C., Matthews, F. E., Function, C., &

Collaboration, A. S. (2019). Two-decade change in prevalence of cognitive
impairment in the UK. European journal of epidemiology, 34, 1085-1092.

Robertson, 1. (1996). Goal management training: A clinical manual. Cambridge, UK:
PsyConsult.

Sachs-Ericsson, N., & Blazer, D. G. (2015). The new DSM-5 diagnosis of mild
neurocognitive disorder and its relation to research in mild cognitive impairment.
Aging & mental health, 19(1), 2-12.

Sasannejad, C., Ely, E. W., & Lahiri, S. (2019). Long-term cognitive impairment after acute
respiratory distress syndrome: a review of clinical impact and pathophysiological
mechanisms. Critical care (London, England), 23(1), 352-352.
https://doi.org/10.1186/s13054-019-2626-z

Scott, J. G., & Schoenberg, M. R. (2010). Affect, Emotions and Mood. In (pp. 249-265).
Springer US. https://doi.org/10.1007/978-0-387-76978-3 11

Shallice, T., & Cipolotti, L. (2018). The Prefrontal Cortex and Neurological Impairments of
Active Thought. Annual review of psychology, 69(1), 157-180.
https://doi.org/10.1146/annurev-psych-010416-044123 (Annual Review of

Psychology)

Shan, D., Li, S., Xu, R., Nie, G., Xie, Y., Han, J., Gao, X., Zheng, Y., Xu, Z., & Dai, Z.
(2022). Post-COVID-19 human memory impairment: A PRISMA-based systematic
review of evidence from brain imaging studies. Frontiers in Aging Neuroscience, 14,
1456.

Simons, J. S., & Spiers, H. J. (2003). Prefrontal and medial temporal lobe interactions in
long-term memory. Nature reviews neuroscience, 4(8), 637-648.

Stamenova, V., & Levine, B. (2019). Effectiveness of goal management training® in
improving executive functions: A meta-analysis. Neuropsychological rehabilitation,
29(10), 1569-1599.

Thakur, V., Ratho, R. K., Kumar, P., Bhatia, S. K., Bora, 1., Mohi, G. K., Saxena, S. K., Devi,
M., Yadav, D., & Mehariya, S. (2021). Multi-organ involvement in covid-19: Beyond

81



pulmonary manifestations. Journal of clinical medicine, 10(3), 1-19.

https://doi.org/10.3390/cm10030446

Van Noordt, S. J., & Segalowitz, S. J. (2012). Performance monitoring and the medial

prefrontal cortex: a review of individual differences and context effects as a window

on self-regulation. Frontiers in human neuroscience, 6, 197.

Vanderlind, W. M., Rabinovitz, B. B., Miao, I. Y., Oberlin, L. E., Bueno-Castellano, C.,

Fridman, C., Jaywant, A., & Kanellopoulos, D. (2021). A systematic review of
neuropsychological and psychiatric sequalae of COVID-19: implications for
treatment. Current opinion in psychiatry, 34(4), 420-433.

https://doi.org/10.1097/Y C0O.0000000000000713

Varatharaj, A., Thomas, N., Ellul, M. A., Davies, N. W. S., Pollak, T. A., Tenorio, E. L.,

Sultan, M., Easton, A., Zandi, M., Coles, J. P., Manji, H., Al-Shahi Salman, R.,
Menon, D. K., Nicholson, T. R., Benjamin, L. A., Carson, A., Turner, M. R.,
Solomon, T., Kneen, R., . . . Plant, G. (2020). Neurological and neuropsychiatric
complications of COVID-19 in 153 patients: a UK-wide surveillance study. The
Lancet. Psychiatry, 7(10), 875-882. https://doi.org/10.1016/S2215-0366(20)30287-X

Velichkovsky, B. B., Razvaliaeva, A. Y., Khlebnikova, A. A., Manukyan, P. A., & Kasatkin,

V. N. (2023). Attention and memory after COVID-19 as measured by
neuropsychological tests: Systematic review and meta-analysis. Acta Psychologica,

103838.

Voruz, P., Cionca, A., de Alcantara, 1. J., Nuber-Champier, A., Allali, G., Benzakour, L.,

Thomasson, M., Lalive, P. H., Lovblad, K.-O., Braillard, O., Nehme, M., Coen, M.,
Serratrice, J., Pugin, J., Guessous, 1., Landis, B. N., Adler, D., Griffa, A., Van de
Ville, D., . . . Peron, J. A. (2022). Functional connectivity underlying cognitive and
psychiatric symptoms in post-COVID-19 syndrome: is anosognosia a key
determinant? Brain communications, 4(2), fcac057-fcac057.

https://doi.org/10.1093/braincomms/fcac057

Voruz, P., de Alcantara, 1. J., Nuber-Champier, A., Cionca, A., Allali, G., Benzakour, L.,

Lalive, P. H., Loevblad, K. O., Braillard, O., Nehme, M., Coen, M., Serratrice, J.,
Reny, J. L., Pugin, J., Guessous, Ptak, R., Landis, B. N., Assal, F., & Peron, J. A.
(2022). Frequency of Abnormally Low Neuropsychological Scores in Post-COVID-
19 Syndrome: the Geneva COVID-COG Cohort. Archives of clinical
neuropsychology. https://doi.org/10.1093/arclin/acac068

82



Waldstein, S. R., Wendell, S. C. R., Hosey, M. M., Seliger, S. L., & Katzel, L. I. (2019).
Cardiovascular Disease and Neurocognitive Function. In (pp. 99-134). Springer
International Publishing. https://doi.org/10.1007/978-3-030-14895-9 6

Wells, G. A., Shea, B., O’Connell, D., Peterson, J., Welch, V., Losos, M., & Tugwell, P.
(2000). The Newcastle-Ottawa Scale (NOS) for assessing the quality of

nonrandomised studies in meta-analyses. In: Oxford.

WHO. (2021). 4 clinical case definition of post COVID-19 condition by a Delphi consensus,
6 October 2021.

WHO. (2022). ICD-11: International classification of diseases. //th Revision.
https://icd.who.int/

WHO. (2023). WHO Coronavirus (COVID-19) Dashboard.

Wilcox, M. E., Brummel, N. E., Archer, K., Ely, E. W., Jackson, J. C., & Hopkins, R. O.

(2013). Cognitive Dysfunction in ICU Patients: Risk Factors, Predictors, and
Rehabilitation Interventions. Critical care medicine, 41(9 Suppl 1), S81-S98.
https://doi.org/10.1097/CCM.0b013e3182a16946

Wolf, T. J. (2010). Participation in work: The necessity of addressing executive function
deficits. Work (Reading, Mass.), 36(4), 459-463. https://doi.org/10.3233/WOR-2010-
1049

Wulf Hanson, S., Abbafati, C., Aerts, J. G., Ashbaugh, C., Ballouz, T., Blyuss, O., Bobkova,
P., Bonsel, G., Buonsenso, D., Butnaru, D., Carter, A., Chu, H., De Rose, C., Diab,
M. M., Ekbom, E., Fomin, V., Gamirova, A., Glybochko, P. V., Haagsma, J. A., . ..
Vos, T. (2022). Estimated Global Proportions of Individuals With Persistent Fatigue,

Cognitive, and Respiratory Symptom Clusters Following Symptomatic COVID-19 in
2020 and 2021. JAMA : the journal of the American Medical Association, 328(16),
1604-1615. https://doi.org/10.1001/jama.2022.1893 1

Yus, M., Matias-Guiu, J. A., Gil-Martinez, L., Gdmez-Ruiz, N., Polidura, C., Jorquera, M.,
Delgado-Alonso, C., Diez-Cirarda, M., Matias-Guiu, J., & Arrazola, J. (2022).

Persistent olfactory dysfunction after COVID-19 is associated with reduced perfusion
in the frontal lobe. Acta Neurologica Scandinavica, 146(2), 194-198.

Zimmermann, P., & Leclercq, M. (2004). Neuropsychological aspects of attentional functions
and disturbances. In M. Leclercq & P. Zimmermann (Eds.), Applied Neuropsychology
of Attention: Theory, Diagnosis and Rehabilitation (1 ed.). Taylor and Francis.
https://doi.org/10.4324/9780203307014

83



Zokaei, N., Nour, M. M., Sillence, A., Drew, D., Adcock, J., Stacey, R., Voets, N., Sen, A., &
Husain, M. (2019). Binding deficits in visual short-term memory in patients with

temporal lobe lobectomy. Hippocampus, 29(2), 63-67.

84



11.1 Chapter One Appendixes

11.1 Modified Newcastle-Ottawa Scales

Cross-sectional Studies

85



Prospective Cohort Studies

86



11.2 Appendix B: Submission Guidelines for Brain, Behavior, and Immunity

TABLE OF CONTENTS " e
BEHAVIOR,
° Description p.1 and IMMUNITY
° Audience p.-2 SIS
° Impact Factor p.2 B %"p S
. Abstracting and Indexing p.2
° Editorial Board P2 =
° Guide for Authors p.6

ISSN: 0889-1591

DESCRIPTION

Brain, Behavior, and Immunity, founded in 1987, is the official journal of the Psychoneuroimmunology
Research Society (PNIRS). This innovative journal publishes peer-reviewed basic, experimental, and
clinical studies dealing with behavioral, neural, endocrine, and immune system interactions in
humans and animals. It is an international, interdisciplinary journal devoted to original research
in neuroscience, immunology, integrative physiology, behavioral biology, psychiatry, psychology,
and clinical medicine and is inclusive of research at the molecular, cellular, social, and whole
organism level. The journal features online submission and review. Manuscripts are typically peer-
reviewed and returned to authors within 30 days of submission, leading to timely publication
of experimental results. There are no submission fees or page charges for Brain, Behavior, and
Immunity, which is published eight times a year. Detailed instructions for authors can be found at
http://www.elsevier.com/journals/brain-behavior-and-immunity/0889-1591/guide-for-authors.

Research areas include: Physiological mechanisms that convey messages between the immune and
nervous systems and regulate their functionsStress and immunity, including the role of stress-
related hormones and neurotransmitters on the immune system.Actions of cytokines, growth
factors and PAMP activation on neuronal and glial cells that regulate behavior, learning, memory
and neurogenesisRole of hormones, growth factors and cytokines in the immune and central or
peripheral nervous systemslInteractions between the immune system and brain that are involved in
development of neurological, psychiatric, and mental health disordersRole of immunological processes
in neurodegenerative disordersThe effects of psychotropic medications on immunological mechanisms
and their potential relevance to therapeutic interventionsNeuroimaging studies examining how
immunological mechanisms affect brain structure and functionClinical trials and experimental studies
testing the effects on both immune stimulation and immune suppression on brain and behaviorThe
role of microglia in pain, psychological processes and in psychiatric disordersImmunological
mechanisms involved in traumatic brain injury and its resolutionImmunologic disorders, infection
and behaviorRole of the immune system in development and maintenance of inflammatory and
chronic painImmune mechanisms that regulate the blood-brain-interface (BBI)Immune factors that
affect health psychologySleep, exercise, immunity and healthimmune system interactions that affect
behavior following use of psychotropic drugs, alcohol and other drugs of abuseHealthy aging of the
immune system and brainRole of inflammation and stress during perinatal developmentCancer and
its treatment, stem cells and their effects on brain behavior and immunity Reciprocal communication
between the microbiome, immune and nervous systemsRegulation of nerve injury and repair by the
immune systemPsychosocial, behavioral, and neuroendocrine influences on immunity and on the
development and progression of immunologically-mediated diseasesNutrition, inflammation, obesity
and behaviorGenomics of behavior and immunity

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 1

87



Manuscripts exploring translational relevance in these research areas can be submitted to the journal?
s open access companion title, Brain, Behavior, and Immunity - Health

AUDIENCE

Neuroscientists, Immunologists, Endocrinologists, Physiologists, Psychiatrists, Rheumatologists,
Clinicians

IMPACT FACTOR
2021: 19.227 © Clarivate Analytics Journal Citation Reports 2022

ABSTRACTING AND INDEXING

Scopus

EDITORIAL BOARD

Editor-in-Chief

C. M. Pariante, King's College London Institute of Psychiatry Psychology and Neuroscience The Maurice Wohl
Clinical Neuroscience Institute, Cutcombe Road, SE5 9RT, London, United Kingdom

Associate Editors

R. M. Barrientos, The Ohio State University, Columbus, Ohio, United States of America

G. Clarke, University College Cork, Cork, Ireland

C Felger, Emory University School of Medicine, Atlanta, Georgia, United States of America

N. Harrison, Cardiff University Brain Research Imaging Centre, Cardiff, United Kingdom

M. R. Hutchinson, The University of Adelaide Adelaide Medical School, Adelaide, South Australia, Australia
S.F. Maier, University of Colorado Boulder, Department of Psychology and Neuroscience, Boulder, Colorado,
United States of America

V. Mondelli, King's College London Institute of Psychiatry Psychology and Neuroscience The Maurice Wohl Clinical
Neuroscience Institute, London, United Kingdom

Q. J. Pittman, University of Calgary, Department of Physiology and Pharmacology, Calgary, Alberta, Canada
T.M. Reyes, University of Cincinnati College of Medicine, Cincinnati, Ohio, United States of America

S. J. Spencer, RMIT University, Melbourne, Victoria, Australia

K.-P. Su, China Medical University, Taichung, Taiwan

L. R. Watkins, University of Colorado Boulder, Boulder, Colorado, United States of America

Social Media Editor
M. Kose, King's College London Institute of Psychiatry Psychology and Neuroscience, London, United Kingdom

Editorial Board

L. A. Carvalho, Queen Mary University of London, London, United Kingdom

S. Allan, The University of Manchester, Manchester, United Kingdom

P. Ashwood, University of California Davis, Davis, California, United States of America

T. Bailey, The Ohio State University, Columbus, Ohio, United States of America

W. A. Banks, University of Washington, Veterans Affairs Medical Center, Seattle, Washington, United States
of America

M.E. Bauer, Pontifical Catholic University of Rio Grande do Sul, School of Health and Life Sciences, PORTO
ALEGRE, Brazil

S. Ben-Eliyahu, Tel Aviv University Sagol School of Neuroscience, Tel Aviv, Israel

R. von Bernhardi, Pontifical Catholic University of Chile, Santiago, Chile

S.D. Bilbo, Duke University, Durham, North Carolina, United States of America

A. Borsini, King's College London Institute of Psychiatry Psychology and Neuroscience, London, United Kingdom
J. E. Bower, University of California Los Angeles, Los Angeles, California, United States of America

E. Brietzke, Queen's University, Department of Psychology, Kingston, Ontario, Canada

L. Brundin, Van Andel Research Institute, Grand Rapids, Michigan, United States of America

C. Buss, Charite University Hospital Berlin Institute of Clinical Psychology, Berlin, Germany

L. Capuron, Nutrition and Integrative Neurobiology, Bordeaux, France

M.J. Carson, University of California Riverside, Riverside, California, United States of America

A. Cattaneo, King's College London, London, United Kingdom

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 2

88



&9



90



T. Yuan, Shanghai Mental Health Center, Shanghai, China

P.A. Zunszain, King's College London Institute of Psychiatry Psychology and Neuroscience, London, United
Kingdom

Editor-in-Chief Emeritus

Robert Ader (1987-2002), University of Rochester Medical Center
Keith W. Kelley (2003-2017), University of Illinois Urbana-Champaign
Immunophysiology, Immunology, Sickness behaviors

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 5

91



GUIDE FOR AUTHORS

sar V. A/
T /
JC

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Brain, Behavior, and Immunity, founded in 1987, is the official journal of the Psychoneuroimmunology
Research Society (PNIRS). This innovative journal publishes peer-reviewed basic, experimental,
and clinical studies dealing with behavioral, neural, endocrine, and immune system interactions in
humans and animals. It is an international, interdisciplinary journal devoted to original research
in neuroscience, immunology, integrative physiology, behavioral biology, psychiatry, psychology,
and clinical medicine and is inclusive of research at the molecular, cellular, social, and whole
organism level. The journal features online submission and review. Manuscripts are typically peer-
reviewed and returned to authors within 30 days of submission, leading to timely publication
of experimental results. There are no submission fees or page charges for Brain, Behavior, and
Immunity, which is published eight times a year. Detailed instructions for authors can be found at
https://www.editorialmanager.com/bbi/default.aspx.

Your Fe

Research areas include: Physiological mechanisms that convey messages between the immune and
nervous systems and regulate their functions Stress and immunity, including the role of stress-
related hormones and neurotransmitters on the immune system. Actions of cytokines, growth
factors and PAMP activation on neuronal and glial cells that regulate behavior, learning, memory
and neurogenesis Role of hormones, growth factors and cytokines in the immune and central or
peripheral nervous systems Interactions between the immune system and brain that are involved in
development of neurological, psychiatric and mental health disordersRole of immunological processes
in neurodegenerative disordersThe effects of psychotropic medications on immunological mechanisms
and their potential relevance to therapeutic interventionsNeuroimaging studies examining how
immunological mechanisms affect brain structure and functionClinical trials and experimental studies
testing the effects on both immune stimulation and immune suppression on brain and behaviorThe role
of microglia in pain, psychological processes and in psychiatric disordersImmunological mechanisms
involved in traumatic brain injury and its resolution Immunologic disorders, infection and behavior
Role of the immune system in development and maintenance of inflammatory and chronic pain
Immune mechanisms that regulate the blood-brain-interface (BBI) Immune factors that affect health
psychology Sleep, exercise, immunity and health Immune system interactions that affect behavior
following use of psychotropic drugs, alcohol and other drugs of abuse Healthy aging of the immune
system and brain Role of inflammation and stress during perinatal development Cancer and its
treatment, stem cells and their effects on brain behavior and immunity Reciprocal communication
between the microbiome, immune and nervous systems Regulation of nerve injury and repair by the
immune system Psychosocial, behavioral, and neuroendocrine influences on immunity and on the
development and progression of immunologically-mediated diseases Nutrition, inflammation, obesity
and behavior Genomics of behavior and immunity

Types of Article
Original full-length research reports, full-length review articles,short communications, brief
commentaries, and letters to the editor will be considered for publication.

Full-length research reports: The chief criteria for the acceptance of submitted papers are the quality,
originality, and clarity of the work reported, addressing one or more of the research areas reported
above. There is no word limit on full length research reports, but papers should be consisely written
and most should be able to articulate their findings within approximately 6,000 words.

Reviews: The journal publishes invited or unsolicited reviews on a contemporary topic, discussed
authoritatively with the aim of providing a solid, and often novel, interpretation of research evidence,
and of integrating a mechanistic model when applicable. Reviews consist of approximately 6,000
words of text and no more than 100 scientific references. Reviews must contain at least one figure
highlighting the key aspects of the article, complete with explanatory figure legends. If appropriate,

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 6

92



93



other multivariate analyses, define measures taken to control for violation of the sphericity assumption
and how you report results of corrected degrees of freedom statistics. Finally, state the name and
version of the statistical software that was used.

Addressing Sex as a Biological Variable: We ask all authors to ensure proper consideration of sex as
a biological variable. For example, any papers utilizing subjects (cells, animals, humans) of only one
sex must state the sex of the samples in the title and abstract of the paper, with the obvious exception
of sex-specific issues (e.g., prostate or ovarian function). Authors must also state the rationale for
using samples from one sex rather than from both. For cellular work, the sex of origin of cells used
should be reported, or if cells or tissue from both sexes were used without regard to sex, this fact
should be indicated. Finally, the inability for any reason to study sex differences where they may exist
should be discussed as a study limitation.

Manuscripts should be prepared using a 12-point font, double-spaced throughout (including tables,
footnotes, references, and figure captions) with 1-in. margins on all sides. Unusual typeface is
acceptable only if it is clear and legible. For initial submission, all manuscripts must be prepared and
submitted in one of the following formats: Microsoft Word (.doc), WordPerfect (.wps), or Rich Text
Format (.rtf). All figures and tables should be clearly labeled at the top.

Revised manuscripts should not be marked using underlined or bolded words to indicate changes
from the original submission. Instead, changes in the revised manuscript must be explained in
a rebuttal letter. Submission of all revised manuscripts requires both figures and tables to be
submitted separately from the manuscript text: do not insert figures and tables at the end of the
text for revised manuscripts. Instead, the electronic submission system requires identification and
submission of figures and tables separate from the text of revised manuscripts (see information
below for graphs, scans, and illustrations). For more information, please also see the Author
Gateway Web page for Brain, Behavior, and Immunity available through the journal home page at
https://www.elsevier.com/locate/ybrbi.

Contact details for submi: ]
Manuscripts must be written in English and submitted electronically at
https://www.editorialmanager.com/bbi/default.aspx. New contributors should first register at this
site and then log into Editorial Manager with their user name and password. There are eight steps
that must be completed to submit a manuscript: Enter Article Title; Select Article Type; Add/Edit
Remove Author (corresponding author does not need to be the person who submits the paper);Submit
Abstract; Enter Key Words; Select Document Classification; Enter Comments (recommend expert
reviewers); Attach Files. All sections except the last one can be 'copied and pasted' into text boxes
from existing files.The files that must be attached separately are: cover letter to the Editor-in-Chief,
manuscript, figures, and tables. An introductory cover letter must outline the most important research
findings and their significance. Complete legends (captions) for both figures and tables should be
placed at the end of the manuscript. Figures must be attached as separate files or as a single file.
Tables must also be attached as either individual tables or a single file with all the tables. All files
containing figures or tables must clearly identify each figure or part of figure by adding, at the top
of each figure or table, the name of the first author and abbreviated title of the manuscript. Authors
can also upload supplementary material such as video, audio, movie and other files (which will be
available as a link in the PDF file that the system generates). After the files are attached, the Editorial
Managersystem will create a PDF file, which may require a few minutes. You will then be asked to
approve the PDF file, a step that must be completed before the new submission is sent to the Editor-
in-Chief who will initiate the review process.

bhrsiccinrn ~hackilict
Submission checklisi

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:

e E-mail address
* Full postal address

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 8

94



All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

» All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information on Ethics in publishing.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care
and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the
influence (or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Declaration of generative Al in scientific writing
The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

AUTHOR INFORMATION PACK 6 Apr 2023 www.elsevier.com/locate/ybrbi 9

95



Where authors use generative artificial intelligence (AI) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying the
technology should be done with human oversight and control, and authors should carefully review and
edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete or
biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited as
an author. Authorship implies responsibilities and tasks that can only be attributed to and performed
by humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References
list. The statement should be placed in a new section entitled ‘Declaration of Generative Al and Al-
assisted technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order
to [REASON]. After using this tool/service, the author(s) reviewed and edited the content as needed
and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references
etc. If there is nothing to disclose, there is no need to add a statement.

< | ™S - favan i, o 5 o ] = 4- -
SUDMISSION decia )

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify compliance, your article may be checked by Crossref Similarity Check and other
originality or duplicate checking software.

v and verification
! and verirication

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
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stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns (“clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary”, "blocklist" and "allowlist". These guidelines are meant as a point of reference to help

identify appropriate language but are by no means exhaustive or definitive.

analvses
nalyses

Reporting sex- and gender-I|

Reporting guidance
For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
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sponsor requirements and best practices within a field. Authors should address the sex and/or gender
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alia
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the SAGER guidelines, the resources on this page offer further insight around sex and gender in
research studies.

Authorship

While the journal does not request details of authors contribution, in accordance with the Consensus
Statement on Surgery Journals Authorship (2005) we expect that all authors meet all three of the
following conditions: 1) Authors make substantial contributions to conception and design, and/or
acquisition of data, and/or analysis and interpretation of data; 2) Authors participate in drafting the
article or revising it critically for important intellectual content; and 3) Authors give final approval of
the version to be submitted and any revised version.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
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participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This
means that if an editor feels your manuscript is more suitable for an alternative journal, you might
be asked to consider transferring the manuscript to such a journal. The recommendation might be
provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation,
or a combination. If you agree, your manuscript will be transferred, though you will have the
opportunity to make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
‘License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Open access

Please visit our Open Access page for more information.

Submit your article

Please submit your article via https://www.editorialmanager.com/bbi/default.aspx

Suggesting reviewers
Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with
you during the last three years. Editors do not invite reviewers who have potential competing interests
with the authors. Further, in order to provide a broad and balanced assessment of the work, and ensure
scientific rigor, please suggest diverse candidate reviewers who are located in different countries/
regions from the author group. Also consider other diversity attributes e.g. gender, race and ethnicity,
career stage, etc. Finally, you should not include existing members of the journal's editorial team,
of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.
Additional information
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PREPARATION
For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

NEW SMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

: Nnc :
R D Sl SE

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.
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Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible. Author names and affiliations. Please clearly indicate
the given name(s) and family name(s) of each author and check that all names are accurately spelled.
You can add your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate
all affiliations with a lower-case superscript letter immediately after the author's name and in front
of the appropriate address. Provide the full postal address of each affiliation, including the country
name and, if available, the e-mail address of each author. Corresponding author. Clearly indicate
who will handle correspondence at all stages of refereeing and publication, also post-publication. This
responsibility includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the corresponding author.
Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
Word count. Please include a word count, excluding references and tables.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A list of up to 10 keywords or phrases suitable for indexing should be provided.

Do not use periods after abbreviations of measure (cm, s, kg, mA, etc.) in text or tables, except for
"in." (inch). The American Chemical Society Style Guide should be used as a reference for proper
abbreviations.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]l;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

 Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

« Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as ‘graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
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* Supply files that are too low in resolution.
« Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
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please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.3727209.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
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usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data

visualization options and how to include them with your article.

<itnn
]

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,

algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Research Elements
This journal enables you to publish research objects related to your original research - such as data,
methods, protocols, software and hardware - as an additional paper in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make your research objects
findable, accessible and reusable. Articles place research objects into context by providing detailed

descriptions of objects and their application, and linking to the associated original research articles.
Research Elements articles can be prepared by you, or by one of your collaborators.
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During submission, you will be alerted to the opportunity to prepare and submit a manuscript to one
of the Research Elements journals.

More information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your submission if
your data is unavailable to access or unsuitable to post. This may also be a requirement of your
funding body or institution. You will have the opportunity to provide a data statement during the
submission process. The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page..

Additional information
AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Additional information

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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12.1 Empirical Paper Abstract

The aim of the current study was to examine previously hospitalised patients with Post
Covid-19 Syndrome (PCS) presenting with cognitive complaints to increase the
understanding of the neuropsychological profile of patients. The study sought to understand
their subjectively reported difficulties, objective cognitive impairments and their relative
relationship. This observational, cross-sectional study consisted of 21 PCS patients (47.6%
female), on average two years’ post-infection. Self-reported experiences were explored via
Thematic Analysis; raw scores from objective cognitive assessments were converted into T-
scores and those with impaired (T-score <35) scores were identified; one-sample t-tests were
conducted comparing the mean T-score of each cognitive test with normative data;
Spearman’s correlations were conducted to assess the relationship between subjective and
objective assessments. Thematic analysis identified four themes concerning the types of
difficulties experienced; ‘functional consequences’, ‘cognitive changes’, ‘new-onset mental-
health difficulties’ and ‘frequency of impact’. No significant differences were identified
between the study’s overall sample mean and the normative mean across cognitive domains
assessed. However, a pattern of impaired individual test scores was observed in which PCS
patients presented with primary attentional impairments with an executive component.
Several significant relationships were observed between subjective complaints and objective
cognitive assessments. Results reinforced the importance of an integrated approach to
neuropsychological assessment and formulation featuring both subjective and objective
assessment criteria. Future longitudinal research with larger sample sizes and matched
controls would determine both the long-term cognitive impacts and extent to which

psychological factors may influence cognitive functioning in the PCS population.
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13.1 Introduction

Coronavirus disease 2019 (Covid-19), caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), is associated with over 637 million infections and 6.62
million deaths globally (WHO, 2023). Of those infected with Covid-19, not all fully recover,
experiencing a range of continuing symptoms, including physical, neurological and cognitive
difficulties months following initial infection (Chen et al., 2022). The constellation of such
ongoing symptoms, or Post-Covid-19 Syndrome (PCS), has now been defined globally and
nationally by the World Health Organisation, National Institute for Health and Care
Excellence (NICE), Scottish Intercollegiate Guidelines Network (SIGN) and Royal College
of General Practitioners as “symptoms persisting for more than 12 weeks from infection and
not explained by an alternative diagnosis” (NICE-SIGN-RCGP, 2021).

Following pressures to manage the acute phase of this illness, healthcare services now
face an unprecedented need to respond to facilitate symptom management and potential
recovery for people experiencing ongoing consequences of infection by the novel virus
COVID-19 PCS (Mahase, 2021). To meet this requirement, the development of effective
services will demand a comprehensive understanding of patients’ clinical needs and
appropriate treatment options. The purpose of the current research is to develop an enriched
understanding of the neuropsychological profile of people experiencing PCS and to establish
whether subjective self-reports are consistent with objective cognitive assessments. This will
inform treatment approaches and contribute to the growing body of literature on long-term

neuropsychological outcomes for people with post Covid syndrome.

Service Developments for Patients with PCS
In 2020, facing this new and significant PCS patient population with complex and

multifactorial needs, the Scottish Government invested £4.5 million over three years to
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establish a network of clinicians to support the unique mental health needs of previously
hospitalised Covid-19 patients (Scottish-Government, 2021). Each health board had
autonomy in the development and operation of these networks, known as the Mental Health
after Covid-19 Hospitalisation (MACH) services. Patients who were not hospitalised with
COVID-19 are not supported via this service, with separate funding streams being established
to meet their ongoing needs. The Scottish Government recommended specialised services
with multi-disciplinary, integrated approaches to rehabilitation, encompassing treatment of
cognitive, emotional, psychosocial and behavioural sequelae (Cossette, 2020; Scottish-
Government, 2021). Research that supports practitioners’ understanding of the particular
needs and characteristics of the PCS population will be essential in providing effective
patient care, informing future service development, delivery and refinement.

The literature indicated a risk for developing cognitive impairment among
hospitalised samples. For example, those requiring ICU care and mechanical ventilation often
present in severe respiratory failure and/or acute respiratory distress syndrome (ARDS)
characterised by severe hypoxemia, risking the development of cognitive impairments
(Sasannejad et al., 2019). A recent study identified cognitive impairments in 45% of
mechanically ventilated PCS patients, although this was assessed via a cognitive screening
tool which has low sensitivity to mild or moderate cognitive impairment (Maley et al., 2022).
Research has reported direct and indirect effects on the central nervous system (CNS); these
include neuroinflammation, encephalopathies (Helms et al., 2020; Nersesjan et al., 2021;
Paterson et al., 2020), stroke (Beyrouti et al., 2020), elevated cerebrospinal fluid antibodies
and experiences of low oxygen levels (Franke et al., 2021; Varatharaj et al., 2020), putting
individuals at risk for developing cognitive impairments. Higher rates of persistent
symptoms, specifically cognitive symptoms in hospitalised patients, may also be impacted by

the direct effects of hospitalisation (Dorman-Ilan et al., 2020; Hosey & Needham, 2020;
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Matalon et al., 2021; Nakanishi et al., 2021; Ritchie et al., 2020). Accordingly, understanding
PCS patients’ needs from a neuropsychological perspective will be valuable given the
discipline’s specialism in ‘normal and abnormal functioning of the central nervous system as
related to human behaviour’ (Beaumont, 2008).

Subjective Experiences of Cognitive Difficulties

To understand the needs of PCS patients and inform the development of person-
centred, accessible, easily navigable and comprehensive healthcare pathways, it is necessary
to develop an appreciation of the subjective experiences of PCS patients. Identifying patterns
of self-reported symptoms via qualitative research is vital to developing an in-depth
understanding of patients’ needs, particularly for complex and insufficiently understood
conditions like PCS (Crowe et al., 2015; Fossey et al., 2002), and is supported via
Government initiatives and guidelines (Scottish-Government & COSLA, 2021).

Two recent qualitative studies of cognitive difficulties among those with PCS
highlighted marked negative impact across all aspects of their relationships and personal and
professional identities (Callan et al., 2022; Humphreys et al., 2021). The subjective
experiences of participants in this study were closely linked to aspects of cognitive
functioning, especially those of executive function, including planning, decision-making,
flexibility and working memory, in addition to selective and sustained attention. The ongoing
subjective cognitive complaints (SCCs) reported are consistent with digital surveys (Davis et
al., 2021; Ziauddeen et al., 2022), and cohort studies (Taquet et al., 2021). Distinguishing
between cognitive impairments per se and the subjective experiences of those dealing with
these impacts, Callan et al. (2022) highlighted that self-advocacy and negotiation of
healthcare services was challenging for individuals with PCS, faced with additional memory
and word-finding difficulties. The authors of this latter study noted the challenges these

patients were regularly experiencing were deemed to be minimised, disregarded or attributed

110



to mental health difficulties, leaving participants feeling invalidated and unsupported. This
finding is supported by Ladds et al. (2020), although their sample was not entirely
representative of the current PCS definition. As such, to support the development of current
and future services, and provide patients with improved management of PCS symptoms,
clinicians and researchers must examine the lived experiences of PCS patients in a consistent
and purposeful manner.

Subjective and Objective Associations

Understanding the association between subjective complaints and objective cognitive
assessments for PCS patients will be important in supporting clinicians’ understanding of the
symptomology of PCS, to inform approach to assessment, diagnosis and treatment.

In neuropsychological practice, subjective information in the form of patient, or
relative/ carer reports are used along with objective information, usually in the form of
cognitive assessment data. The challenge for the neuropsychologist is to integrate assessment
information into a formulation to enable patients and families to form a clear clinical picture
(Scott, 2010). To do so, the clinician must understand the relationship between subjective and
objective information gathered in clinical settings. This relationship has been studied in other
patient groups which offers valuable insight. Subjective cognitive complaints such as
forgetfulness and slowed task completion have previously been associated with objectively
measured cognitive function in patients with hypertension (Uiterwijk et al., 2014), mild
cognitive impairment (Miranda et al., 2008), early Alzheimer’s disease (Lam et al., 2005) and
bipolar disorders (Arts et al., 2011). Conversely, several studies have reported no association
between SCCs and objective cognitive outcomes among patient groups, including those with
dementia and schizophrenia (Galeone et al., 2011; Tomida et al., 2010). When subjective and
objective outcomes are inconsistent, this implies a higher reliance by clinicians on objective

assessments and behavioural observations.
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In a study among participants with affective disorders, where cognitive outcomes
were not related to SCCs, the subjective cognitive difficulty was explained by depression
rather than by objective cognitive impairments (Svendsen et al., 2012). In recent PCS
literature, Voruz, Cionca, et al. (2022) highlighted that those with the most psychological
complaints reported the greatest SCCs, while exhibiting minimal objective cognitive deficits,
aligning with earlier data (Almeria et al., 2020). It may be that patients’ psychological or non-
specific symptoms such as fatigue, are more closely related to their SCCs rather than any
specific cognitive deficits. Alternatively, cognitive complaints are perhaps too subtle to be
identified on formal assessment yet still causing an impact on patients’ daily lives.
Understanding this relationship further in PCS will be important to support clincial
assessment; if subjective and objective reports are inconsistent, clinical formulation may need
to identify other contributory factors to explain the perceived cognitive difficulties.
Cognitive Characteristics

Additionally, developing an understanding of the relationship between subjective and
objective cognitive difficulties requires a detailed understanding of the objective cognitive
characteristics among patients. To date, there is significant variation in the reported
prevalence of cognitive impairment among those with PCS, with cognitive symptoms not yet
consistently defined or measured.

A review by Honarmand et al. (2020) reported prevalence rates ranging from 35% to
81%, while Del Brutto et al. (2021) reported a lower rate of 21%. Honarmand et al. (2020)
highlighted prevalence rates being greatly influenced by the assessment tools administered,
ranging from brief screening tools such as the Montreal Cognitive Assessment (MoCA)
(Nasreddine et al., 2005) to more comprehensive objective cognitive assessment, as would be
used in clinical practice by neuropsychologists. Indeed, systematic reviews have reported

deficits in executive function, attention, and memory, with most being assessed via screening
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tools (Crivelli, Palmer, et al., 2022; Tavares-Junior et al., 2022). These screening tools,
primarily used for detecting dementia, may be limited in their sensitivity to identify cognitive
deterioration in younger patients (Mclntyre et al., 2019). In an analysis of both MoCA and
neuropsychological evaluation among 60 PCS participants, Lynch et al. (2022) found that the
MoCA was insensitive in accurately detecting mild and greater degrees of cognitive deficit
when compared to neuropsychological assessments. Even if PCS patients score within the
“normal” range, yet self-identify cognitive difficulties, a formal neuropsychological
assessment was advised by Lynch et al. (2022).

A further challenge is that studies administering comprehensive neuropsychological
assessments have reported impairments across numerous cognitive domains; thus relevant
cognitive domains implicated in COVID-19 are not clearly defined, requiring additional
research. Lauria et al. (2022) reported impairments across processing speed, working memory
and executive functions. However, these results were specifically in a sample of adults, aged
65 and older, thereby not representative of the wider population. Wild et al. (2022) reported
that compared to healthy controls, PCS participants performed significantly worse on tests of
reasoning, verbal learning and processing speed, while short-term memory was intact,
indicating domain-specific impairments. Recently, Voruz, Cionca, et al. (2022) reported
impairments in domains of cognitive functioning assessed among three groups of PCS
participants with varying acute illness severity. Impaired domains included perception,
ideomotor praxis, language, executive functions, attention, memory and logical reasoning.
Six-nine months’ post-infection, differential impairments were evident across the groups.
Compared to the non-hospitalised group, those requiring ICU care exhibited greater
impairments on episodic long-term memory and greater anosognosia for memory

dysfunction. Indeed, as evidenced across several studies, cognitive impairment may be
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impacted across multiple domains, which patently requires further investigation and
clarification.

A limitation of studies investigating the cognitive outcomes of COVID-19 is the
variation in methodology, notably the variation in the parameters for inclusion criteria, in
particular, the defined time period since having COVID-19, further inhibiting the
development of a clear picture of the cognitive sequelae among PCS patients. Most studies
have defined their PCS patient group as those with a mean ‘time since infection’ of 3 months.
This definition potentially permits participants at all stages of SARS-CoV-2 infection to be
included. Other studies reported time since infection ranging from 3 weeks (Bungenberg et
al., 2022) to 12 months (de Paula et al., 2022).

The variable rates of impairment and cognitive domains implicated prevent a coherent
understanding of the patterns of cognitive sequelae of PCS patients, which impedes
clinicians’ ability to adequately assess and identify cognitive changes attributable to COVID.
This supports the need for the current research project as a valuable and necessary
contribution.

Summary and Study Aims

As summarised above, studies offer preliminary evidence showing the putative role of
COVID-19 infection in cascading illness extension in domains of cognitive functioning.
Patients with cognitive sequelae may require rehabilitation, resulting in increased demand on
existing services or the need for health services to create additional services to meet this
demand. The literature is currently lacking a detailed understanding of PCS patients’
neuropsychological needs, which can be addressed via qualitative methodology, to
understand potential patterns of difficulties experienced by individuals suffering from PCS in
the chronic stage of recovery. As described above, the integration of subjective and objective

information is a critical aspect of neuropsychological assessment, formulation and treatment
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planning. It will be valuable for clinicians to be enabled to distinguish the relationships
between subjective complaints and objective assessments when working with PCS patients,
in order to offer the most appropriate care for this emerging patient group. To better
understand these dynamics, a broader clinical picture of the cognitive domains implicated,
and the extent of associated impairments will be necessary.

The current research project seeks to develop our understanding of the
neuropsychological profile of individuals with PCS to inform clinical practice and more
broadly, to support the development of appropriate services and recommendations for patient
care. This research focuses on PCS patients who were previously hospitalised with Covid-19
during the pandemic, who opted-into the MACH service in NHS Grampian with complaints
of ongoing symptoms. The project is driven by three empirical research questions:

1) What difficulties are previously hospitalised PCS patients with ongoing cognitive
complaints reporting?

2) Do previously hospitalised PCS patients with ongoing cognitive complaints have
objective cognitive impairments?

3) Are PCS patients’ subjective cognitive complaints consistent with their objective

cognitive assessments?
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14.1 Methods

14.1 Design

The current study is a single-group, cross-sectional observational design. The data
collected as part of the current study draws upon data collected from a newly funded Mental
Health after Covid-19 Hospitalisation (MACH) Service within NHS Grampian. The service is
led by a Multi-Disciplinary Team (MDT) with input from Neuropsychology Department.
14.2 Recruitment and Procedures

Figure 1 displays the recruitment process of the project. Participants were recruited
through the MACH Service between May 2022 and February 2023. At the point where
individuals were invited to participate in the current research project, they had already
attended a 30-minute screening appointment with either a psychologist or psychiatrist from
the MACH service via Attend Anywhere (NearMe), the NHS secure telemedicine service and
had completed a series of psychometric measures which are detailed below. By nature of
opting into this service, the participants represent a self-selecting sample of patients reporting
ongoing subjective complaints.

Following a screening appointment, patients who indicated having cognitive changes
via the Cognitive Change Index (CCI) and/or to their treating clinician, were referred to the
Neuropsychology Department to undertake a comprehensive neuropsychological assessment.
Individuals who declined to participate in the research project received neuropsychological
assessment as part of routine clinical practice regardless (Figure 1). Neuropsychological
assessments incorporated tests for multiple cognitive domains including short- and long-term
verbal and visual memory, selective and sustained attention, processing speed and executive
functions. Neuropsychological assessments were conducted by experienced clinicians and
lasted approximately 1.5hours. If participants indicated they were fatigued, a second

appointment was made to continue the assessments within 10 days of the initial appointment.
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Invited to participate in current research
Participant Information Sheet (PIS) offered to participants

Figure 1: Flow of Data Collection

14.3 Participants
The single group of participants consisted of individuals aged 18 and over who were

previously hospitalised with Covid-19 within NHS Grampian from January 2020 to present

day. Participants were identified as being eligible for the current research project by their
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initial treating clinician during the initial screening appointment. The treating clinician was
able to identify those who were infected with Covid-19, twelve or more weeks previously,
and that their symptoms were not explained by any other diagnosis to meet the criteria for
‘Post-Acute Covid-19 Syndrome’ as defined by NICE-SIGN-RCGP (2021). If individuals
indicated that they were experiencing persisting cognitive difficulties via the CCI and/ or
verbally to the treating clinician, they were deemed eligible for the current research.
Exclusion criteria encompassed individuals with a Learning Disability or Intellectual
Disability, as classified by ICD-10; individuals with clinically noted cognitive change,
diagnosis of dementia, current psychiatric and/or severe sensory, visual or hearing
impairment presentation thought to interfere with cognitive testing; individuals with an active
dependency on alcohol or recreational drugs; individuals not able to engage with
questionnaires or cognitive assessment due to a limited level of English ability such as
English not being their first language and, lastly, individuals lacking capacity, as assessed by
the treating clinician. Figure 2 displays the recruitment of participants for the study. One
participant indicated that they had experienced a ‘previous head injury’ via a demographic
questionnaire. However, the assessing clinician reported this as a knock to the head with no
inpatient admission nor clinically noted cognitive change in their medical notes and so they

were included in the current analysis.
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Figure 2: Participant Flow Diagram
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Almost half (47.6%) of participants were female, identified as White (90.5%) or

White-Scottish (9.5%) and were mostly (81%) of working age i.e., younger than 70 years of

age. A proportion of participants were ventilated (28.5%) and the mean time elapsed since

infection to assessment was two years and two weeks. Table 1 summarises the characteristics

of the participants.
Table 1

Participant Characteristics

Characteristic N (%) M (SD)/ Median
(IQR)

Age Group

46-50 1(4.8)

51-60 7(33.3)

61-70 9(42.9)

71-75 3(14.3)
Ethnic Group

White 19 (90.5)

White Scottish 2(9.5)
Sex (% Female) 10 (47.6)
Length of Hospitalisation (days) - 20.6 (3-95)
Ventilated (% Yes) 6 (28.5)
Time elapsed between date of - 746.4 (571-1035)
admission/ infection to assessment (days)
GAD-7 21 (100) 13.0 (0-21)
PHQ-9 21 (100) 24.4 (7.9)
FACIT-4 20 (95.2) 22.6 (11.3)
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14.4 Ethical Approval
The study was granted approval by the University of Edinburgh Health in Social

Science Research Ethics Team (HiSS Reference CLPS107), and sponsored by University of
Edinburgh College of Arts, Humanities and Social Sciences (CAHSS) Research Governance
Team. Secondly, ethical approval was granted by NHS North East — Newcastle & North
Tyneside Research Ethics Committee (REC Reference 21/NE/0175; Approved 215 October
2021 and on 31% May 2022 following a substantial amendment; See Appendix A). The
research was subsequently registered with the NHSG Research and Development Department
receiving authorisation to commence locally (R&D Reference 2021MHO03E; Approved 9

November 2021 and 26 June 2022 following a substantial amendment; See Appendix B).

14.5 Measures

14.5.1 Demographic Information

This included age, sex, ethnicity, gender, number of days spent in hospital and the

absence or presence of ventilation.

14.5.2 Subjective Complaints of PCS

The ‘Psychological and Cognitive Changes Since having Covid-19’ (BCM) is a
bespoke measure designed by a Consultant Clinical Neuropsychologist in NHSG which
captured individuals’ perceived difficulties and changes to their psychological and cognitive
function since being infected with Covid-19. Participants were asked to rate on a 4-point
Likert scale whether they had experienced any changes in mood, anxiety, attention, planning/
organising ability and memory. Responses included “no change”, “minor change”, “moderate
change” and “significant change”. Participants were then asked, “Has this affected the
following: daily activities, work or study and relationships”. Again, participants rated

9% ¢ 99 ¢

answers on a 4-point Likert scale where responses included “never”, “rarely”, “sometimes”
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and “all of the time”. After participants rated their responses, they were invited to describe
“any changes you have experienced in these areas since having Covid-19” in a free text box
below. Participants had the option to write as little or as much as they wished in this box to
describe their experiences. Internal consistency for the current sample was high (o= .82). The

measure is displayed in Appendix C.

14.5.3 Objective Outcome Measures

Cognitive Change Index (CCI) (Rattanabannakit et al., 2016).

The CClI is a 20-item, self-report tool measuring perceived cognitive decline across
domains of memory, executive function and language. Higher scores indicate more
difficulties. Other measures including the Cognitive Failures Questionnaire and the Everyday
Memory Questionnaire were considered, although the CCI was chosen following consultation
with the Consultant Clinical Neuropsychologist. The language is accessible, facilitating ease
of completion. The CCI has shown high internal consistency a=0.96 (Rattanabannakit et al.,
2016).

Patient Health Questionnaire-9 (Kroenke et al., 2001).

The PHQ-9 is a self-report measure assessing depression severity, which parallels the
9 symptoms used to diagnose Major Depressive Disorder according to the DSM-1V criteria,
with higher scores indicating more severe symptoms. The 9-item tool with 4 options
measuring levels over the previous two-weeks, ranging from “not at all” to “nearly every
day”. Scores range from 0-27 with cut-off scores of 4, 10, 15 and 20 representing clinical
criteria of mild, moderate, moderately-severe and severe depression respectively. It is
recommended by (NICE, 2012) and used in a variety of populations both clinically and in

research. It has good internal consistency (a = 0.86-0.89) (Kroenke et al., 2001).
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Generalised Anxiety Disorder-7 (Spitzer et al., 2000).

This standardised measure (GAD-7) was originally developed to monitor Generalised
Anxiety Disorder (NICE, 2012). The 7-item tool with 4 options measuring levels of anxiety
over the previous two-weeks, ranging from “not at all” to “nearly every day”. Scores range
from 0-21 with cut-off scores of 5, 10 and 15 representing clinical criteria of mild, moderate
and severe anxiety, respectively. It is routinely utilised in primary care and mental health
services to monitor reported symptoms with good internal consistency; higher scores indicate

more severe symptoms.

Functional Assessment of Chronic Illness Therapy-Fatigue Scale (FACIT-F,; (Hewlett et al.,
2011)).

Originally developed for assessing fatigue and tiredness and its effect on daily
functioning in cancer patients, this 13-item tool has been validated for use among several
other chronic illness populations. There are 5 Likert-type responses, ranging from “not at all”
to “very much” and scores range from 0-52 with higher scores indicating less fatigue. It has
demonstrated good reliability (a =0.90-0.94) and validity across populations and in long-term
conditions such as MS, cancer and neurologic disorders (Butt et al., 2013; Hagell et al., 2006;

Hewlett et al., 2011).

14.5.4 Cognitive Assessments

14.5.4.1 Memory
California Verbal Learning Test, Second Edition. (Delis et al., 2000).

This measures both immediate and delayed verbal memory abilities with cueing
dimensions. Participants engage in ‘free’ and cued recall of a series of unrelated items (List

A). Thereafter, there is a 20 minute ‘long delay’ which measures recall of List A under the
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same two conditions of ‘free’ and ‘cued’. Internal consistency is good (o = 0.78-0.94) and
normed against a more accurate representative of demographic characteristics (Delis et al.,
2000). The test demonstrates good criterion validity among numerous neurological conditions

(Baldo et al., 2002). Raw scores are converted to age and sex adjusted z-scores.

The Logical Memory subtest of the Wechsler Memory Scale, 4th Edition (WMS-1V;
(Wechsler, 2009))

This test measures verbal memory and learning. Individuals are told two short stories
and they are required to recall as much as possible immediately, and after a 20-30-minute
delay. For adults aged 65 and above, Story A is repeated. Following the delayed subtest, a
recognition test is administered which requires participants to respond “yes/no” to several
questions about the stories. The test is sensitive to detect subtle memory changes as an
ecologically valid measure paralleling the demands placed on memory during everyday life

(Lezak, 2012). Raw scores are converted to age adjusted scaled scores.

Rey-Osterrieth Complex Figure Test (ROCFT) (Osterrieth, 1944); Rey (1941)

This primarily measures visual memory and visual-spatial constructional ability.
Participants are shown a complex figure and asked to copy it, after which, the original image
is removed. Participants complete an immediate recall followed by a delayed recall of 20-30
minutes. Internal reliability coefficients for copy condition is greater than o =0.60, and
greater than a =0.80 for both immediate and delayed recall conditions (Strauss et al., 2006).

Raw scores are converted to age adjusted T-scores.
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Digits Forwards & Backwards Span from the Wechsler Memory Scale, 4th Edition (WMS-1V;
(Wechsler, 2009))

These tests measure attention/short-term retention capacity (DSF) and working
memory (DSB) (Lezak, 2012). During both tests, the examiner reads aloud a series of random
numbers of increasing sequence length at a rate of one number per second. DSF requires the
participant to repeat each sequence exactly while DSB demands the sequence repeated in the
reversed order. Scores of 7 and 4-5 are deemed within normal limits on DSF and DSB,
respectively. On DSB, a score of 3 is deemed as borderline to impaired, depending on the

participant’s educational background while 2 is impaired regardless (Lezak, 2012).

14.5.4.2 Attention
Elevator Counting & Elevator Counting with Distraction subtests of the Test of Everyday

Attention (TEA) (I. H. Robertson, Ward, T., Ridgeway, V., & Nimmo-Smith, I. , 1996,
Robertson, 1994).

These two subtests are widely used clinically and are ecologically valid measures of
sustained and selective attention (I. H. Robertson, Ward, T., Ridgeway, V., & Nimmo-Smith,
I., 1996). During elevator counting, individuals establish which imagined floor they are on
by counting a series of 7 strings of tones. One point is awarded for correctly identifying each
string of tones. The normal score is the maximum 7, while a score of 5 or less is considered
definitely abnormal. Elevator with Distraction requires individuals to count the same pitched
tones from the previous test while ignoring higher pitched distractor tones. This mimics the
auditory distractions individuals hear in daily life. Here, 10 strings of tones are played for a

maximum score of 10 points which are then converted to age-adjusted scaled scores.
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14.5.4.3 Executive Function
Verbal Fluency (Phonemic and Semantic)

Verbal fluency measures an individual’s ability to produce fluent speech as well as
‘executive’ aspects of verbal behaviour including cognitive flexibility and organisation of
information (Lezak, 2012). Assessment of this includes phonemic (FAS) and semantic
(animals) fluency. Individuals are given 1-minute to generate as many words that begin with
the given letter (FAS) or category (animals). Fluency tests have demonstrated sensitivity to
acute deficits following mild-traumatic brain injury (mTBI) (Belanger et al., 2005). Raw

scores are converted to age and education adjusted T-scores.

Zoo Map Subtest of the Behavioural Assessment of Dysexecutive Syndrome (Wilson et al.,
1998).

The Zoo Map subtest will measure planning and organisational abilities. Participants
have two attempts to plan a route through a zoo while adhering to sets of rules with varying
amount of instructions. For both attempts, a total sequence score (number of correctly visited
places in the correct order), planning time and total time is recorded. Penalties are imposed
for rule breaks and lack of speed. An overall profile score is calculated taking into account
performance on both attempts. The test demonstrates adequate discriminant and ecological
validity (Norris & Tate, 2000; Wilson et al., 1996). Raw scores are not able to be
standardised against normative data as this test forms part of a larger battery (BADS); only

overall performance on each subtest allows performance to be compared to normative data.

Color Trails Test-2 (D Elia, 1996).
In Part 2, participants connect digits within circles with alternate colour and
completion times are recorded for each trial. Part 2 captures executive aspects of complex

information processing, mental flexibility and working memory (Lezak, 2012). Adult version
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is for ages 18-89. Normative data is based on a sample of 1528 healthy volunteers across
various ethnicities (D’Elia, 1996). Total time taken to complete the task (raw scores) are

converted to age and education adjusted T-scores.

14.5.4.4 Processing Speed
Color Trails Test-1 (D Elia, 1996).

Part 1 of the test will assess processing speed as well as non-verbal aspect of
sustained and divided attention. Participants are asked to connect digits within circles in
ascending numerical order, beginning with 1 to 25. Total time taken to complete the task (raw

scores) are converted to age and education adjusted T-scores.

14.6 Data Analyses

14.6.1 Research Question 1: What difficulties are previously hospitalised PCS patients
with ongoing cognitive complaints reporting?

In order to address this research questions, questionnaire data from the Psychological
and Cognitive Changes Since having Covid-19 measure (BCM) was analysed via inductive
thematic analysis (Braun & Clarke, 2006; Braun et al., 2012). Firstly, completed outcome
measures were transcribed by a clinician in the MACH clinic and transferred to the
researcher. The researcher then completed readings and re-readings of the individual
transcriptions in Microsoft Word to facilitate familiarity of the data. The researcher then
generated initial codes from the individual responses. Initial codes were colour referenced
and ascribed provisional theme definitions. The themes were re-read to guarantee that all
information was meaningfully coded and had been incorporated into appropriate themes. A
sense-checking process was implemented under supervision; the principal change was that

the initial theme of ‘Adjustment Difficulties’ was re-named ‘Functional Consequences’ in

127



line with the data and research objectives. The final themes and subthemes were then

contextualised and written in line with the current literature.

14.6.2 Research Question 2: Do previously hospitalised PCS patients with ongoing
cognitive complaints patients have objective cognitive impairments?

Hypothesis 1: Previously hospitalised PCS patients with ongoing cognitive complaints
will have impaired test scores across cognitive domains.

Neuropsychological data was analysed using IMB SPSS V29 (Corp., 2022), or
equivalent.

To address Hypothesis 1, individual raw scores for each cognitive assessment were
converted into T-scores, z-scores and/or scaled scores according to age, sex and education
adjusted normative data (where available). To facilitate comparison across tests, z-scores and
scaled scores were then transformed to T-scores in SPSSv29. Descriptive analyses were
applied to cognitive outcomes which were displayed as mean +- standard deviation, or
median and interquartile range (IQR) for data not normally distributed as assessed by
Shapiro-Wilk test.

To identify whether impairments across cognitive domains existed, a definition of
‘impairment’ was needed. ‘Impaired’ test scores were defined as equal to, or less than a T-
score of <35 or 1.5 standard deviations (SD) below the normative sample mean. This cut-off
criteria is often used in neuropsychological research (Binder et al., 2009). The number of

participants with impaired scores and the percentage was reported for each cognitive test.

Hypothesis 2: Previously hospitalised PCS patients with ongoing cognitive complaints
will have more cognitive impairments than the normative population.
To determine whether there were significant differences in cognitive test scores

among PCS participants and normative data, a series of one-sample t-tests comparing the
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mean T-score of each cognitive test among the PCS group with the (where available)
normative data were carried out. The normative population mean is 50 (10SD) for T-scores.
The cut-off value for determining statistical significance, was set at 0.05. Effect sizes for
these comparisons were reported to determine the size of difference. Effect sizes were
classified as small (0.20-0.49), medium (0.50-0.79) and large (0.80-1.00) (Cohen, 1988). Two
variables of cognitive tests ‘CTT-1" and ‘TEA-ECD’ violated assumptions of normality as
assessed by Shapiro-Wilk test (p >.05). Outliers in the data were visually inspected via
boxplots and there was one extremely low score on CTT-1 which was removed from this test.
Subsequently, variable ‘CTT-1" was normally distributed. Transforming the variable ‘TEA-
ECD’ using the logarithmic transformation for strongly, positively skewed data in SPSS v29
failed to restore normality. As such, a one sample t-test was carried out regardless as this test
is fairly robust to violations of normality (Field, 2017).

14.6.3 Research Question 3: Are PCS patient’s subjective cognitive complaints consistent
with objective cognitive assessments?

Hypothesis 3: Previously hospitalised PCS patients with more memory complaints will

demonstrate greater deficits on memory tests, consistent with their reports.

Hypothesis 4: Previously hospitalised PCS patients with more attentional complaints

will demonstrate greater deficits on attentional tests, consistent with their reports.

Hypothesis 5: Previously hospitalised PCS patients with more planning/ organising
complaints will demonstrate greater deficits on executive function tests, consistent with
their reports.

Concerning all hypotheses above, a reliability analysis was carried out on the

Psychological and Cognitive Changes Since having Covid-19 (BCM) measure. A Cronbach’s
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alpha (o) over .7 was considered a high internal consistency (DeVellis & Thorpe, 2021;
Kline, 2015). The six items assessing perceived changes demonstrated a high level of internal
consistency (o= .82). The variables of ‘memory’, ‘attention’ and ‘planning/organising’ from
the BCM measure were ordinal and violated assumptions of normality using the Shapiro-
Wilk test (p >.05). As such, a series of non-parametric tests using Spearman’s correlation
(Field, 2017) were conducted according to the above hypotheses (one-tailed). A more
conservative cut-off value for determining statistical significance, was set at 0.01 to adjust for
multiple comparisons.

From a clinical perspective, patients can lack understanding of the conceptual basis of
various cognitive domains; in real terms, cognitive domains are interconnected and being
asked to accurately report complaints in specific domains may yield inaccurate results (Schoo
et al., 2013). For example, subjective complaints of forgetfulness may actually represent
attentional lapses rather than objective memory deficits (Lezak, 2012). As such, relationships

other than those specific to the above hypotheses were explored.
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15.1 Results

15.1 Research Question 1: What difficulties are previously hospitalised PCS patients
with ongoing cognitive complaints reporting?

Twenty-one responses were analysed thematically (Braun & Clarke, 2006; Braun et
al., 2012). Four main themes and eleven subthemes were identified. The frequency of these

themes are reported in Table 2.

15.1.1 Functional Consequences

15.1.1.1 Subtheme: Changes in Functional Abilities
Eleven participants noticed more difficulties functioning compared to their pre-covid-
19 selves across multiple environments including changes in their social abilities, identity and
ability to work. The majority of the current sample were of working age and many changes to
functional abilities were specifically described in relation to this environment. Difficulties
functioning were noticed across all levels of task complexity such as getting in and out of the
bath to analysing complex information in occupational settings:
“I find it hard to concentrate and focus on tasks, whereas before I would dive in with a
clear plan and understanding and be able to quickly see it through to completion”
(P#8)
Functional difficulties were identified driving and at home:
“I haven't driven since Jan 21. I get frustrated not being able to do things e.g., home
repairs” (P#9)
Five participants did not distinguish between physical or mental fatigue but noticed that a
general feeling of fatigue had a big impact on their functional ability:

“Tiredness and fatigue problematic at times.” (P#9)
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15.1.1.2 Subtheme: Emotional Consequences related to Changes in Functional Abilities

Thirteen participants reported emotional challenges related to the changes in their
functional abilities. This includes descriptions of frustration, upset, low mood and worry.
Two participants reported a loss of confidence, while two described a loss in their identity.
Two participants also described social isolation, particularly with colleagues and family
members. One participant mentioned that they had to rely more on family members which
may contribute to the emotional difficulties associated with a loss of independence.

“I feel really unconfident at work because I now struggle so much with the things I

used to be good at...” (P#8)

“I get easily frustrated and annoyed at myself.” (P#21)

“Feeling distanced from my wife” (P#12)
Three participants indicated a lower mood state associated with functional changes:

“[1] developed depression because I can't do what I used to.” (P#20)

15.1.2 Cognitive Changes

15.1.2.1 Subtheme: Memory

Memory difficulties were reported by five participants and included general feelings
of forgetfulness, having a poor memory as well as specific problems identified with short-
term memory and word recall:

“My memory is awful” (P#6)
15.1.2.2 Subtheme: Attention

Nine participants reported difficulties with attention. Specifically, six participants
found it difficult to concentrate on tasks for long periods of time which relates to the concept
of sustained attention. Three participants described distractibility and described variations of

mind wandering which corresponds to selective attentional abilities (Lezak, 2012):
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“[there is] a sense of constant distraction, much more easily distracted” (P#5)

“[1] lose [my] train of thought” (P#11)

“T also find it hard to concentrate as in when reading the paper, I can't seem to finish a

story or when watching tv my mind wanders.” (P#14)
15.1.2.3 Subtheme: Executive Function

Six participants described difficulties with abilities included in executive functioning
processes such as prioritising, planning, coordinating and completing complex tasks and
analysing information. Family members would often take over chores around the house:

“[1] find it difficult to co-ordinate/plan - would get someone else to do it for me.”

(P#20)

15.1.3 New Onset Psychological Difficulties

In addition to the emotional consequences experienced by participants, they described
new-onset psychological difficulties which were not a direct consequence of their reduced
functioning per se, but a consequence of their experiences being infected with Covid-19 and

their lives during the pandemic.

15.1.3.1 Subtheme: Anxiety
Seven participants described anxiety generally as well as specifically related to health

anxiety and concerns about being around people and crowds again. The descriptions of being
easily triggered correspond to the concept of hypervigilance which is embedded health, and
social anxiety models (Clark et al., 2005; Richards et al., 2014; Salkovskis & Warwick,
2001):
“Even now I can get anxiety out of nowhere. This is mainly related to health.” (P#8)
“[I’ve] never been anxious before but now the least thing can make me anxious.”

(P#20)
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15.1.3.2 Subtheme: Symptoms of PTSD
Three participants described intrusive memories of being in hospital which resonate

with the description of flashbacks as a re-experiencing of the traumatic memory (Brewin,
2015):
“[T have] flashbacks triggered by thoughts, sounds or images can cause emotional
response and adrenaline flush.” (P#4)

“Also having flashbacks to ICU.” (P#16)

15.1.3.3 Subtheme: Emotional Dysregulation
Four participants described increases in day-to-day emotional reactivity as well as

inhibiting emotional responses. Participants found themselves to be increasingly short-
tempered, irritable and less tolerant.
“[My] emotional control [is] affected.” (P#4)

“[1] can be very short tempered and abrupt” (P#11)

15.1.4 Impact

15.1.4.1 Subtheme: Widespread
Seven participants indicated that the impact of living with PCS was noticed across

multiple aspects of their lives including in occupational, vocational and social environments.

“affects all aspects of daily life” (P#2)

15.1.4.2 Subtheme: Frequency
Eight participants commented that they experienced these changes very frequently,

some every day. Three participants noticed that symptoms fluctuated day-to-day.

“it's [symptoms] like a wave - wiper blade” (P#11)
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Table 2

Frequency of themes and sub-themes identified concerning the ongoing difficulties reported

by participants.

Themes and sub-themes Frequency of references

to the sub-themes

Functional Consequences

Changes in Functional Abilities 11
Emotional Consequences related to 13

Changes in Functional Abilities

Cognitive Changes
Memory 5
Attention 9
Executive Function 6
New Mental Health
Difficulties
Anxiety 7
Post-traumatic Stress symptoms 3
Emotional dysregulation 4
Impact
Widespread 7
Frequency 8
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15.2 Research Question 2: Do previously hospitalised PCS patients with ongoing
cognitive complaints patients have objective cognitive impairments?

Hypothesis 1: Previously hospitalised PCS patients with ongoing cognitive complaints
will have impaired test scores across cognitive domains.

There was some evidence to support this hypothesis as impairments (T-score <35)
were observed across some, but not all cognitive domains (Table 3). Impairments were most
frequently observed on tests of planning/ organising (Zoo Map Profile) where 63.2% of the
sample demonstrated impairments; 36.8% of the sample demonstrated impairments on tests
of delayed visual memory (ROCFT-Delayed) and 28.6% on sustained attention (TEA-EC).
On tests of selective attention (TEA-ECD) 23.8% of the sample demonstrated impairments
and 25% on immediate visual memory (ROCFT-Immediate). Impairments across immediate
(CVLT-II SDCR) and delayed (CVLT-II LDCR) cued recall were also observed among

19.0% and 20% of the sample, respectively.

Hypothesis 2: Previously hospitalised PCS patients with ongoing cognitive complaints
will have more cognitive impairments than the normative population.

The findings were inconsistent with this hypothesis as mean T-scores in the current
sample were not statistically different from the means of normative data across any cognitive
assessment (p > .05). All effect sizes comparing obtained mean T-scores to normative means
were either negligible (Cohen’s d <0.20) or small (Cohen’s d 0.20-0.49) as can be seen in

Table 4.
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Table 3

Means, standard deviations, effect sizes of neuropsychological measures and their relationships with subjective cognitive complaints.

Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
Memory — Verbal
Learning
CVLT-IT1- 21 3(14.3) 48.4 (12.9) 0.12 -0.29 -0.46 -0.45
TS [-0.55, 0.31] (.105) (.021) (.019)
DSF 21 4 (19.0) 6.0 (5-9) - -0.15 -0.30 -0.40
raw (.255) (.102) (.036)

Memory-Immediate

Recall
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Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/
o .
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
CVLT-II 21 3 (14.3) 48.3 (11.1) 0.15 -0.48 -0.51 -0.42
SDFR [-0.58, 0.28] (.013) (.011) (.030)
Logical 21 2(9.5) 50.0 (10.0) 0.00 -0.22 -0.09 0.10
Memory I [-0.43, 0.43] (.171) (.348) (.333)
ROCFT- 20 5(25) 46.9 (17.5) 0.18 -0.39 -0.29 -0.32
Immediate [-0.62, 0.26] (.046) (.117) (.087)
Memory-Delayed
Recall
CVLT-II 21 2(9.5) 50.0 (9.2) 0.00 -0.51* -0.56* -0.57*
LDFR [-0.43, 0.43] (.010) (.005) (.003)
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Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/
o ..
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
Logical 21 1(4.8) 50.0 (10.0) 0.00 -0.29 -0.18 -0.07
Memory II [-0.43, 0.43] (.099) (.228) (.377)
ROCFT- 19 7 (36.8) 45.6 (18.2) 0.24 -0.43 -0.35 -0.39
Delayed [-0.70, 0.22] (.032) (.077) (.049)
Memory-Cued Recall
CVLT-II 21 4 (19.0) 48.6 (12.9) 0.11 -0.48 -0.54* -0.56*
SDCR [-0.54, 0.32] (.013) (.007) (.004)
CVLT-II 15 3 (20) 48.0 (11.0) 0.18 -0.61* -0.85%* -0.73%*
LDCR [-0.69, 0.33] (.008) (<.001) (<.001)
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Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/
0 .
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
Attention
TEA EC 21 6 (28.6) 6.6 (0.9) - -0.34 0.41 0.29
. . 1
(n doubtful/ raw (.069) (.037) (.105)
abnormal)
TEA ECD 21 5(23.8) 48.4 (39.9- 0.00 -0.34 -0.39 -0.27
73.9) [-0.43, 0.43] (.069) (.044) (.122)
Executive Function
Phonemic 21 3 (14.3) 46.4 (9.5) 0.38 -0.11 -0.49 -0.30
Fluency [-0.82, 0.07] (.319) (.014) (.091)
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Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/
o .
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
Semantic 21 5(23.8) 45.9 (13.6) 0.30 -0.20 -0.25 -0.31
Fluency [-0.74, 0.14] (.197) (.143) (.083)
Zoo Map A 19 - 60.9 (60.6) - -0.12 0.10 0.15
Plan Time (.316) (.347) (.274)
Zoo Map A 20 - 4.6 (3.0) - -0.21 -0.22 -0.26
Sequence (.189) (.179) (.137)
Score
Zoo Map 20 12 (63.2) 2.3(1.2) - -0.27 -0.21 -0.02
Profile§ (.123) (.190) (.466)
CTT-2 21 2(9.5) 51.9 (9.8) 0.19 -0.66** -0.55* -0.54*
[-0.24, 0.62] (<.001) (.006) (.005)
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Cognitive Cognitive n Impaired¥ T-Score Cohen’s D Memory Attention Planning/

o .
Domain Assessment scores n (% Mean (95% CI] Organising
of sample) (SD)% (BCM) (BCM) (BCM)
Rho (p) Rho (p) Rho (p)
DSB (n 21 3(14.3) 4.0 (3-7) - -0.49 0.31 0.37
'Borderline') raw (.012) (.091) (0.48)
Processing Speed
CTT-1 21 1(4.8) 52.7 (7.53) 0.36 -0.51* -0.53* -0.58*
[-0.10, 0.81] (.009) (.008) (.003)

Note. CVLT-II T1-T5: California Verbal Learning Test 2" Ed. Trials 1-5, CVLT-II SDFR: California Verbal Learning Test 2™ Ed. short-delay
free recall, CVLT-II LDFR: California Verbal Learning Test 2" Ed. short-delay free recall long-delay free recall, CVLT-II SDCR: California
Verbal Learning Test 2™ Ed. short-delay free recall short-delay cued recall, CVLT-II LDCR: California Verbal Learning Test 2" Ed. short-delay
free recall long-delay cued recall, TEA EC: Test of Everyday Attention-Elevator Counting, TEA ECD: Test of Everyday Attention-Elevator
Counting with Distraction, raw: raw score

1 Impairment measured as T-score <=35; <=1.5SD, {M (SD) or median (IQR) for data not normally distributed, § ‘Impaired’ Zoo Map Profile
scores were defined as scores <2.44 the M of healthy population from (Wilson et al., 1998).

‘-‘= t-test not performed as normative data not available to convert raw scores to norm adjusted scores

BOLD significant at *p<.01, **p<.001.
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15.3 Research Question 3: Are PCS patient’s subjective cognitive complaints consistent
with objective cognitive assessments?

Hypothesis 3: Previously hospitalised PCS patients with more memory complaints will
demonstrate greater deficits on memory tests, consistent with their reports.

This hypothesis was partially supported in light of several significant relationships
observed (Table 3) between subjective memory complaints via BCM ‘Memory’ variable and
objective cognitive tests of delayed verbal and delayed cued memory (CVLT-II LDFR

(p=.010); CVLT-II LDCR (p=.008)).

Hypothesis 4: Previously hospitalised PCS patients with more attentional complaints

will demonstrate greater deficits on attentional tests, consistent with their reports.
This hypothesis was not supported as no significant relationships were observed

(Table 3) between subjective attentional complaints via BCM ‘Attention’ variable and

objective cognitive tests of sustained and selective attention (TEA ED (p=.037); TEA-ECD

(p=.044)).

Hypothesis 5: Previously hospitalised PCS patients with more planning/ organising
complaints will demonstrate greater deficits on executive function tests, consistent with
their reports.

This hypothesis was partially supported in light of one significant relationship
observed (Table 3) between subjective planning/ organising complaints via BCM ‘Planning/

Organising’ variable and objective cognitive tests of executive functioning (CTT 2 (p=.005)).
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16.1 Discussion

The current study sought to examine patients who were presenting with cognitive
complaints to increase the literature’s understanding of the neuropsychological profile of
patients through their self-reported experiences, their objective cognitive assessments and the
relationship between these two studied areas. In the present study, subjective reports of the
consequences of Covid-19 infection included functional consequences, cognitive changes and
new-onset mental-health difficulties, with these challenges affecting participants across all
areas of their lives, on a daily basis. No significant differences existed between the overall
sample mean and the normative mean across any cognitive domain assessed. However, a
pattern of impaired individual test scores was observed across the tests, indicating that PCS
patients in the current study presented with primary attentional impairments with an
executive component. Significant negative relationships were observed between subjective
complaints of memory and objective memory assessments, and between subjective
complaints of planning/ organising with specific areas of objective executive function
assessments. Together with the individual-level impairments and additional relationships
observed, participants’ subjective cognitive complaints might better reflect executive
attentional impairments, impacting memory processes. In summary, the neuropsychological
needs of PCS patients in the current study identified a range of cognitive, emotional,
psychosocial, and behavioural difficulties. The findings are presented according to the

research questions as laid out in the introduction section.

16.1 Research Question 1: What difficulties are previously hospitalised PCS patients
with ongoing cognitive complaints reporting?

Difficulties impacting PCS patients’ daily lives were identified via thematic analysis

including functional consequences of PCS, cognitive changes, new onset mental-health
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difficulties and the relative frequency of these issues. The findings indicated that some PCS
patients continue to experience a range of complex difficulties two years’ post-infection.

The present findings extend the results of the scarce number of qualitative studies
analysing the lived experiences of cognitive difficulties among PCS individuals by offering
information that some PCS patients continue to experience cognitive difficulties two years’
post infection (Callan et al., 2022; Ladds et al., 2020). The qualitative analysis demonstrated
that cognitive processes related to executive function including planning, organising and
analysing complex information were reported by PCS patients, in addition to the commonly
reported memory and concentration difficulties reported in the literature (Goértz et al., 2020;
Ziauddeen et al., 2022). Difficulties with memory reported by the current sample align with
memory complaints among other self-selecting PCS patients (Kozik et al., 2022) and among
66.2% of PCS patients self-reporting brain fog (Jennings et al., 2022). Distinct from the
current study, less than half of patients in the latter study were previously hospitalised,
indicating that a proportion of the PCS population, including the non-hospitalised population
are also experiencing memory complaints. Also common in the literature are self-reported
difficulties of concentration, which have been found to persist up to 12-months (SeeBle et al.,
2022). The self-reported difficulties in the current sample in concentrating on tasks for long
periods of time and an increase in distractibility and mind-wandering relate to concepts of
sustained and selective attention in the literature respectively, which are required for other
cognitive processes such as learning and memory, in order to function adequately
(Fortenbaugh et al., 2017; Lezak, 2012).

Changes in functional abilities relating to varying levels of task complexity were
identified. This extends findings of self-reported challenges with activities of daily living and
specific difficulties with domestic chores, driving and work in other PCS samples (Ladds et

al., 2020; Vanichkachorn et al., 2021). However, time from infection to assessment in the
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aforementioned studies were 3-weeks and 3-months, respectively. Participants in the current
study experienced changes in their functional abilities, on average two years’ post-infection,
indicating long-term impact and emphasising the need for proactive interventions to be
offered by services.

Reports of emotional consequences related to changes in patients’ functional abilities
correspond to subjective reports in neurological conditions such as acquired brain injury
(Anson & Ponsford, 2006; Fleming et al., 2012), where individuals’ emotional, physical and
cognitive changes contribute to reduced functional capacity and limited social engagement
(WHO, 2006). Indeed, two years’ post-infection, the additive impact of ongoing symptoms
resulting in reduced functional capacity across a variety of environments, together with
illness uncertainty, has been found to markedly affect individuals’ psychological state and
quality of life (Caruso et al., 2014; Mishel, 1988). It is also important to consider that the
current sample were hospitalised and self-seeking support from a mental health service,
meaning that they are a potentially skewed population for quality of life measurement
(Sareen et al., 2005; Slade et al., 2005).

Due to the self-presenting nature of participants to a mental health service, there was
an expectation that psychological difficulties would be observed. Indeed, high levels of
anxiety, depression and psychological distress present in the current sample were identified
relative to rates from previous prevalence studies on PCS (Colizzi et al., 2022; Fernandez-de-
Las-Pefias et al., 2021; Titze-de-Almeida et al., 2022; Vanderlind et al., 2021). The
qualitative analysis supported previous insight that participants experienced psychological
difficulties in addition to the emotional consequences of experiencing a reduced functional
capacity and in relation to the present study, these difficulties were ongoing two years’ post-
infection. Psychological difficulties experienced by the current sample may be due to both

direct biological mechanisms (Generoso et al., 2021) and/ or indirect effects including social
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isolation, illness and economic uncertainty, a constant threat of infection and even enduring
fatigue (Conway III et al., 2020; Freeston et al., 2020; Knox et al., 2022).

Thematic analysis also highlighted that the sample experienced fluctuations in their
symptoms day-to-day, which aligns with recent qualitative results (Callan et al., 2022),
quantitative findings (Ortelli, Benso, et al., 2022) and the WHO-governed Delphi consensus
definition of PCS (Soriano et al., 2022). The fluctuating and associated uncertain nature of
symptoms may reinforce participants’ negative psychological consequences (Crook et al.,
2021; Mishel, 1988). Illness uncertainty plays a role in adverse mental health outcomes in
clinical health populations where illness course and duration is often uncertain and
unpredictable, including asthma (Hommel et al., 2003) and breast-cancer survivors (Mishel et
al., 2005).

This qualitative analysis enriched the knowledge base of the neuropsychological
profile of patients who were presenting with cognitive complaints by identifying the types of
difficulties experienced, featuring cognitive, functional, and psychological dimensions two

years’ post-infection.

16.2 Research Question 2: Do previously hospitalised PCS patients with ongoing
cognitive complaints have objective cognitive impairments?

All participants in the current sample would be classed as experiencing moderate-
severe forms of the acute disease i.e., requiring hospitalisation with varying levels of oxygen
requirements, according to the WHO Clinical Progression Scale (Marshall et al., 2020),
which may impact cognitive processes (Sasannejad et al., 2019). Furthermore, given the
prevalence of cognitive impairment among critical illness survivors (Hayhurst et al., 2020;
Hopkins & Jackson, 2006) and PCS patients, requiring both mechanical ventilation (Costas-
Carrera et al., 2022; Maley et al., 2022) and supplemental oxygen (Dondaine et al., 2022), the
current study expected to observe similar patterns. However, there were no significant

differences between the overall sample mean and the normative mean across any cognitive
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domain assessed. The current sample size was small, which likely contributed to a lack of
effect observed. Further, the tests selected may not have been sufficiently sensitive to detect
subtle cognitive impairments among the sample.

Despite the lack of an overall difference, impaired individual test scores as defined by
T-score of <35 or 1.5SD below the normative sample mean were observed; the pattern
observed across the tests indicate that PCS participants in the current study presented with
primary attentional impairments with an executive component. The frequency of participants
with impairments on tests of sustained and selective attention were 28.6% and 23.8%,
respectively. On a task requiring the integration of complex information to facilitate planning
and organisation, 63.2% of patients demonstrated impairments. Further, relatively greater
impairments across cued memory recall compared to free memory recall tasks were also
observed. This may be explained in the context of the attentional impairments; information
must be attended to, in order to then be encoded in memory and subsequently retrieved from
memory. Thus, attention is required in the initial stages of memory. However, information
not initially attended to is therefore not encoded nor able to be retrieved. That is, no amount
of cueing will facilitate retrieval of information which has failed to be encoded in the first
place (Lezak, 2012). Impaired scores observed on visual memory tests in the current study
(ROCFT-Immediate & Delayed) are higher at 36.8% than findings from recent research. Two
previous studies using the same assessment tool reported impairments among 16% of
hospitalised participants (Delgado-Alonso et al., 2022) and 16.9% of hospitalised and non-
hospitalised participants (Calabria et al., 2022), respectively. These studies both recruited
more participants than the current sample which might explain the difference. This could also
be explained by the self-selecting nature of the current population where participants
presented with cognitive concerns. It suggests that not only verbal, but visual memory is

impacted in the present population. It is not clear whether this might be due to visually
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attending to information or the storage or retrieval of information however, given the
consistency with verbal memory difficulties, it is possible that attentional systems are
influencing coding of information.

The sample also displayed high levels of psychological symptoms which have been
shown to impact cognitive functioning among other PCS populations (Brown et al., 2022;
Mazza et al., 2021) and may have contributed to the current findings. Tests of memory,
attention and executive functioning are all highly susceptible to concurrent variables such as
anxiety, fatigue, pain, medications and impaired attentional processes (Lezak, 2012).
Psychological processes can impact on test performance and cognitive ability, however, the
two may also present co-morbidly. A leading hypothesis proposed in the literature is that
neuroinflammation following cytokine storms associated with the acute infection, may result
in cognitive impairments, and, may underly the comorbid mood disorders observed in PCS
patients (e Silva et al., 2022; Vanderheiden & Klein, 2022). A number of participants in the
current study showed impairments in cognition, particularly in attention and EF processes,
suggesting long-term impact of cognitive difficulties in patients with COVID-19. However,
the sample was not of sufficient size to demonstrate a significant effect across all participants.
Thus, more research with larger sample sizes is required to explore the long-term impact on

cognition of COVID-19 and the variance of this in relation to psychological factors.

16.3 Research Question 3: Are PCS patients’ subjective cognitive complaints consistent
with objective cognitive assessments?

Comparison between subjective complaints and objective cognitive assessment
showed some significant relationships. These were between SCCs of memory with memory
tasks and complex information processing; SCCs of attention with memory tasks and
complex information processing and lastly, SCCs of planning/ organising with memory tasks

and complex information processing.
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Subjective complaints of memory were negatively associated with objective tests of
delayed free recall (CVLT-II LDFR) and cued recall (CVLT-II SDCR & CVLT-II LDCR)
which suggests that those who did have objective memory impairments were able to
accurately identify memory issues. This aligns with a recent study of PCS patients where a
relationship was found between SCC of memory and objective delayed memory performance
using the Oxford Cognitive Screen-Plus (Kozik et al., 2022). However, the conclusion that
those who did have objective memory impairments were able to accurately identify memory
issues may be too simplistic an explanation given the few objective impairments on memory
tests, and with the relationship being specifically with free recall and cued recall.
Accordingly, it may be that the memory difficulties are due to storage rather than retrieval, as
cueing did not help with recall and so it is likely that information was not there to be retrieved
in the first place (Delis et al., 2000; Lezak, 2012). Thus, any problems with memory are
likely due to information not being stored efficiently, or at all. Attentional processes
influence the storage of information where a lack of attention to information means that it is
not available for storage (Atkinson & Shiffrin, 1968; Brown & Craik, 2000; Markowitsch,
2000). In addition, negative relationships were found between SCCs of both attention and
separately, planning/ organising, with objective tests of delayed free recall (CVLT-II LDFR)
and cued recall (CVLT-II SDCR & CVLT-II LDCR). It is possible that SCCs of memory are
indicative of attentional processing impairments rather than primary memory difficulties.

Further evidence for this is in the recurring negative relationships observed across all
areas of complaints (memory, attention and planning/organising) with tests assessing
sustained attention, processing speed (CTT-1) and divided attention (CTT-2) (D’Elia, 1996).
The subjective experience of memory difficulties may be more complex than a direct
relationship with memory impairment and instead, is related to impaired ability to attend to

and/ or processing speed difficulties related to more complex information which impacts on
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memory functioning. In relation to the notable model of working memory by Baddeley and
Hitch (1974), difficulties with attention and processing speed may impede the opportunity for
information to be maintained and manipulated in working memory, preventing long-term
storage (Baddeley, 2012; Baddeley & Hitch, 1974). This is consistent with the pattern of low
tests scores observed on objective assessments at the individual level.

Consistent with their reports, the negative relationship between SCCs of planning/
organising and tests CTT-1 & CTT-2, indicate that individuals are aware and can accurately
identify objective difficulties processing information and switching between tasks (mental
flexibility) i.e., cognitive skills required for planning and organising in everyday life (Lezak,
2012). The negative relationships between SCC of attention with CTT-1 & CTT-2 suggest
that complaints of attention better reflect difficulties processing information and/or with
divided attention that patients interpret as an attentional problem. This may explain the
unexpected finding that complaints of attention were not associated with poorer test scores on
objective tests of attention (TEA). Alternatively, attentional assessments may not have been
sensitive enough to detect attentional deficits in this PCS sample.

Of note, there were several relationships not established between subjective
complaints and objective tests; subjective information used in correlational analyses was
gathered via questionnaires, not during clinical interview, reducing the opportunity to prompt
or probe for detailed accounts of difficulties to relate to objective assessment, potentially
impacting these findings. Further, the study could not exclude the possibility that other
factors accounted for subjective cognitive complaints. For example, anxiety, depression,
fatigue and personality variables have explained overall SCCs in other populations including
stroke (van Rijsbergen et al., 2019) and older adults (Carrasco et al., 2017; Pearman &
Storandt, 2004). This will require further research with larger sample sizes to determine

predictive factors.
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The study can conclude that participants were aware and able to identify difficulties
with complex information processing used in everyday life, reflected in the negative
relationship between SCCs of planning/ organising and CTT-1 & CTT-2. For those who did
have objective memory impairments, they were able to accurately identify memory issues.
However, given the few objective impairments across tests of memory, this interpretation is
imprecise. More likely is the conclusion that SCCs are indicative of attentional processing
difficulties which are impacting memory processes, as this aligns with the pattern of low
scores in attention across objective assessments in the present population.

16.4 Strengths & Limitations

While the study did not incorporate a matched control group, age, sex and educational
adjusted normative data was used as available, enabling the study to adequately report on the
presence or absence of cognitive impairments, strengthening the validity of the findings.
Further, the neuropsychological assessment process is a combination of patient account,
observation, and normative test data. Many research studies in the current literature consider
the test data in isolation, which risks reaching conclusions which are over reliant on tests,
posing challenges to clinical validity. The combined analysis of subjective and objective
information in the current study is more representative of that which would be gathered in
clinical practice, lending to the validity and reliability of the results.

In terms of limitations, the sample is not entirely representative of PCS patients as all
were hospitalised. The sample size was smaller than the originally desired number, limiting
the power to detect significant quantitative results and conduct predictive analyses. However,
as the study’s methodology was mixed methods, the sample size was appropriate for the
qualitative aspect. The researcher made every attempt to increase the sample size but there
were several inhibiting factors, including a small team organising the MACH clinic with

limited capacity to conduct assessments, staff absences, and travel disruption due to adverse
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winter weather. The observational design of the study, without a control group, prevented any
conclusions being made on the causality of cognitive impairment resulting from Covid-19.
The exclusion-inclusion criteria made attempts to reduce potential confounding factors such
as those who had previously noted clinical change and those experiencing ongoing
psychiatric disorders such as depression. However, this does not entirely control for all
factors which may impact cognitive function such as stroke, which is prevalent in
hospitalised PCS patients and may have gone unnoticed in hospital (Nannoni et al., 2021).

It is also important to highlight the sampling bias of the current study; participants
represent a help-seeking group of individuals which suggests that rates of impairments were
expected to be higher than the wider PCS population. Conversely, individuals with greater
cognitive impairments may have been missed by failing to opt-in to the service due to
difficulties completing questionnaires or changes in their care; some individuals may still be
in hospital while others may have required supported living or care homes.

Furthermore, additional demographic information would have supported an
understanding of the impact of chronic PCS. Other clinical variables such as medications
prescribed while in hospital, whether individuals were in ICU or general wards, previous
physical and psychiatric comorbidities as well as social variables such as time taken off work
and relationships’ status change, would have offered a more detailed characteristic
description of the sample. This may have allowed more in-depth analysis of factors
potentially impacting cognitive function. While the study reported on the rates of ventilation
requirements, the need for supplemental oxygen was not reported, a factor which has been
correlated with cognitive impairments in previous research (Almeria et al., 2020; Dondaine et
al., 2022).

The conclusions are limited by the neuropsychological tests selected. However, in

collaboration with a Consultant Clinical Neuropsychologist with significant experience in the
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field, tests were selected by virtue of their relative appropriateness in clinical practice and
availability of normative data. The statistical analysis may have benefitted from conducting a
factor analysis to establish the factor structure of the chosen cognitive outcome domains,
rather than determining these a-priori. Furthermore, while assessments are standardised, it is
inevitable that variation existed across the delivery of these assessments. Similarly, room
availability meant that variation existed in the time of assessments being conducted;
fluctuations in cognitive ability in relation to fatigue and tiredness may have further impacted
the reliability and validity of the assessments (Stebbins, 2007).

16.5 Future Research

From a methodological perspective, increased consistency and uniformity in the
assessment tools utilised will support researchers and clinicians to make accurate conclusions
regarding the characteristics of PCS patients. Longitudinal research is needed to assess the
trajectory of difficulties. Similarly, research incorporating larger sample sizes with matched
controls will facilitate a better understanding of the objective deficits or potentially lack
thereof, among PCS patients.

The literature indicates that coping mechanisms mediate one’s sense of coherence and
quality of life (Lazarus & Folkman, 1984; Martz et al., 2007) and research, specifically in
chronic illness populations, has confirmed this relationship (Eriksson & Lindstrom, 2007;
Kristofferzon et al., 2018; Lo Buono et al., 2017; Poppe et al., 2013; Pusswald et al., 2012). It
may be that coping is reduced in the current sample, leading to poorer quality of life. This
relationship ought to be researched in the future. Additionally, the illness uncertainty in PCS
patients relates to populations with medically unexplained illnesses or functional disorders.
Negative health beliefs have been found to predict poor health outcomes in this population

which should be a focus of future research in PCS populations (Glattacker et al., 2010;
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Knoop et al., 2010; Sharpe et al., 2010). Ongoing research ought also to determine
appropriate interventions for this emerging patient group.
16.6 Conclusions & Implications for Clinical Practice

Previously hospitalised PCS patients presenting to the MACH clinic demonstrated a
range of ongoing psychological, cognitive and functional difficulties two years’ post-
infection which were impacting their daily lives. While the overall sample did not
significantly differ from the normative mean across any cognitive assessment administered,
there were patterns of low scores which indicated a primary attentional executive impairment.
Further, while memory complaints were consistent with objective delayed memory
assessments, there was no evidence of significant individual impairments with memory at the
individual level. This led us to suppose that participants’ interpretations of their cognitive
difficulties can be explained in the context of impaired processing of complex information,
aligning with patterns found on objective assessments. These findings offer guidance for
neuropsychological clinical assessment and formulation when working with PCS patients; the
integration of subjective and objective information is vital for a holistic understanding of a
patient’s presentation. Services providing support to PCS patients must consider the
multifactorial aspect of this condition, aiming to reduce disability and increase overall well-

being.
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18.1 Chapter Two Appendixes

18.1 Appendix A: Ethical Approval: IRAS Research Ethics Committee

INHS

Health Research
Authority

North East - Newcastle & North Tyneside 1 Research Ethics Committee
NHSBT Newcastle Blood Donor Centre

Holland Drive

Newcastle upon Tyne

NE2 4NQ

Telephone: 020 7104 8255

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

21 October 2021

Miss Tessa Stanley

Trainee Clinical Psychologist

NHS Grampian

Department of Neuropsychology, Ashgrove House
Foresterhill Road

Aberdeen

AB252ZN

Dear Miss Stanley

Study title: Understanding cognitive function among individuals
with post-COVID-19 syndrome

REC reference: 21/NE/0175

Protocol number: CAHSS2108/04

IRAS project ID: 302124

Thank you for your letter of 6 October 2021, responding to the Proportionate Review
Sub-Committee’s request for changes to the documentation for the above study.

The revised documentation has been reviewed and approved on behalf of the PR
sub-committee.

Confirmation of ethical opinion
On behalf of the Research Ethics Committee (REC), | am pleased to confirm a favourable

ethical opinion for the above research on the basis described in the application form, protocol
and supporting documentation as revised.
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Good practice principles and responsibilities

The UK Policy Framework for Health and Social Care Research sets out principles of good
practice in the management and conduct of health and social care research. It also outlines the
responsibilities of individuals and organisations, including those related to the four elements of
research transparency:

1. registering research studies
2. reporting results

3. informing participants

4. sharing study data and tissue

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Confirmation of Capacity and Capability (in England, Northern Ireland and Wales) or NHS
management permission (in Scotland) should be sought from all NHS organisations involved in
the study in accordance with NHS research governance arrangements. Each NHS organisation
must confirm through the signing of agreements and/or other documents that it has given
permission for the research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS permission for
research is available in the Integrated Research Application System.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Registration of Clinical Trials

All research should be registered in a publicly accessible database and we expect all
researchers, research sponsors and others to meet this fundamental best practice standard.

It is a condition of the REC favourable opinion that all clinical trials are registered on a
publicly accessible database within six weeks of recruiting the first research participant. For this
purpose, ‘clinical trials’ are defined as the first four project categories in IRAS project filter
question 2. Failure to register is a breach of these approval conditions, unless a deferral has
been agreed by or on behalf of the Research Ethics Committee (see here for more information
on requesting a deferral:
https://www.hra.nhs.uk/planning-and-improving-research/research-planning/research-registratio
n-research-project-identifiers/

If you have not already included registration details in your IRAS application form, you should
notify the REC of the registration details as soon as possible.
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Approved documents

The documents reviewed and approved by the Committee are:

CV Version 1 23 August 2021]

Document Version Date

Evidence of Sponsor insurance or indemnity (non NHS Sponsors 23 August 2021
only) [PI Confirmation]

IRAS Application Form [IRAS_Form_27082021] 27 August 2021
IRAS Application Form XML file [IRAS_Form_27082021] 27 August 2021
IRAS Checklist XML [Checklist_27082021] 27 August 2021
Non-validated questionnaire [Demographic Questionnaire, Version 1|1 23 August 2021
23 August 2021]

Organisation Information Document 1 23 August 2021
[Organisation_Information_Document_NonCommercial_Version 1

23 August 2021]

Other [Summary of Neuropsychology Assessments, Version 123 |1 23 August 2021
August 2021]

Other [CV Dr Maggie Whyte Aug21] 1 23 August 2021
Other [CT Confirmation] 1 23 August 2021
Other [EL Certificate - The University Court of the University of 1 23 August 2021
Edinburgh and subsidiary companies - NHE-15CA02-0013[55]]

Other [TWIMC - Combined - The University Court of the University |1 23 August 2021
of Edinburgh and subsidiary companies - NHE-15CA02-0013[25]]

Other [Good Clinical Practice Certificate] 1 25 January 2021
Other [Provisional Decision Responses Version 1 6 October 2021] |1 06 October 2021
Participant consent form [Consent Form, Version 1 23 August 2021] |1 23 August 2021
Participant information sheet (PIS) [Participant Information Sheet, |2 06 October 2021
Version 2 06 October 2021]

Research protocol or project proposal [Protocol, Version 1 23 1 23 August 2021
August 2021]

Schedule of Events or SOECAT [Schedule of Events, Version 123 |1 23 August 2021
August 2021]

Summary CV for Chief Investigator (Cl) [CVTessa-Stanley, Version 23 August 2021
1 23 August 2021]

Summary CV for student [CVTessa-Stanley, Version 1 23 August |1 23 August 2021
2021]

Summary CV for supervisor (student research) [SAWRIKAR Vilas 23 August 2021

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research

Ethics Committees and complies fully with the Standard Operating Procedures for Research

Ethics Committees in the UK.
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User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form
available on the HRA website:
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/

HRA Learning

We are pleased to welcome researchers and research staff to our HRA Learning Events and
online learning opportunities— see details at:
https://www.hra.nhs.uk/planning-and-improving-research/learning/

IRAS project ID: 302124 Please quote this number on all
correspondence

With the Committee’s best wishes for the success of this project.

Yours sincerely,

Pp. Miss Roma McGeehan

Mr Paddy Stevenson
Chair
Email:
Enclosures: “After ethical review — guidance for researchers” [SL-AR2]
Copy to: Miss Charlotte Smith
Lead Nation:

Scotland gram.nrspcc@nhs.scot
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18.1.1 IRAS Research Ethics Committee — Approval of Amendment

NHS|

North East - Newcastle & North Tyneside 1 Research Ethics Committee

NHSBT Newcastle Blood Donor Centre
Holland Drive
Newcastle upon Tyne

NE2 4NQ

16 June 2022

Miss Tessa Stanley

Department of Neuropsychology

Ashgrove House,

Foresterhill Road,

Aberdeen

AB252ZN

Dear Miss Stanley,

Study title: Understanding cognitive function among individuals with
post-COVID-19 syndrome

REC reference: 21/NE/0175

Protocol number: CAHSS2108/04

Amendment number: Substantial Amendment 1

Amendment date: 31 May 2022

IRAS project ID: 302124

The above amendment was reviewed at the meeting of the Sub-Committee of the Research

Ethics Committee which was held in correspondence.

Ethical opinion

The members of the Committee taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment form and supporting

documentation.
Approved documents

The documents reviewed and approved at the meeting were:

COVID-19 (v1) 31 May 2022]

Document Version Date
Completed Amendment Tool [IRAS - 302124. Amendment 31522 |1 31 May 2022
Amendment_Tool v1_6 06Dec21]

Participant consent form [Consent Form Version 2 27 May 2022] 2 27 May 2022
Participant information sheet (PIS) [Participant Information Sheet |4 27 May 2022
Version 4 27 May 2022]

Research protocol or project proposal [Protocol Version 3 27 May |3 27 May 2022
2022]

Validated questionnaire [Psychological and Cognitive Change since |1 31 May 2022
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Membership of the Committee

The members of the Committee who took part in the review are listed on the attached
sheet.

Working with NHS Care Organisations

Sponsors should ensure that they notify the R&D office for the relevant NHS care
organisation of this amendment in line with the terms detailed in the categorisation email
issued by the lead nation for the study.

Amendments related to COVID-19

We will update your research summary for the above study on the research summaries
section of our website. During this public health emergency, it is vital that everyone can
promptly identify all relevant research related to COVID-19 that is taking place globally. If
you have not already done so, please register your study on a public registry as soon as
possible and provide the HRA with the registration detail, which will be posted alongside
other information relating to your project.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for
Research Ethics Committees in the UK.

HRA Learning

We are pleased to welcome researchers and research staff to our HRA Learning Events

and online learning opportunities— see details at: https://www.hra.nhs.uk/planning-and-
improving-research/learning/

I IRAS Project ID - 302124: Please quote this number on all correspondence

Yours sincerely
pp. Miss Roma McGeehan

Mr Christopher Lewis
Chair

newcastlenorthtyneside1.rec@hra.nhs.uk

Enclosures: List of names and professions of members who took part in the
review
Copy to: Miss Tessa Stanley
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North East - Newcastle & North Tyneside 1 Research Ethics Committee

Attendance at Sub-Committee of the REC Meeting on 14 June 2022

Committee Members:

Name Profession Present Notes
Mr Christopher Lewis (Chair) Consultant Plastic Yes

Surgeon
Miss Hazel Jane Maines Clinical Trials Yes

Coordinator

Also in attendance:

Name Position (or reason for attending)

Miss Roma McGeehan Approvals Administrator
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18.2 Appendix B: NHSG Research and Development Department

Research and Development Foresterhill House Annexe
Foresterhill

ABERDEEN
AB25 2ZB
Grampian
Miss Tessa Stanley Date 23/06/2022
NHS Grampian Our Ref 2021MHO003E
Dept of Neuropsychology
Ashgrove House Enquiries to Lynn Massie
Foresterhill Extension 53846
Aberdeen Direct Line 01224 553846
AB25 2ZN Email gram.randdpermissions@nhs.scot
Dear Miss Stanley
STUDY TITLE: Understanding cognitive function among individuals with post-COVID-19
syndrome

PROTOCOL NO: V3; 27.5.22
REC REF: 21/PR/1252
IRAS REF: 302124

AMENDMENT NO: SAO01 31.5.22

We have been notified of the above amendment. This has been reviewed and we confirm that it does
not alter local NHS Grampian R&D management permission subject to the conditions below:

You may only implement changes described in the amendment notice or letter.

You may only use the documents associated with this amendment if they have been approved by
the REC.

Please also note that it remains the responsibility of the Sponsor/Chief Investigator to
ensure that you, as PI, are notified of all amendments and provided with the correct
documents.

Yours sincerely

Susan Ridge
Non Commercial Manager

cc. Dr Maggie Whyte

Sponsor

NHSG-RD-DOC-022 - V3 (Conditional) R&D Permission Letter
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18.3 Appendix C: Psychological and Cognitive Changes Since Having Covid-19
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1 INTRODUCTION
11 BACKGROUND

COVID-19 began spreading across the globe in early 2020 and was declared a
global pandemic in March 2020. A year later, there are increasing reports of people
experiencing persisting complaints, including fatigue, neurological and cognitive
difficulties. This ongoing experience of symptoms has come to be known as ‘long-
COVID’ or post-COVID-19 syndrome, as defined by the National Institute for Health
and Care Excellence (NICE), Scottish Intercollegiate Guidelines Network (SIGN) and
the Royal College of General Practitioners (CGP) (2020). People with post-COVID-
19 syndrome have described their cognitive difficulties as feeling mentally slow, hazy
and struggling to sustain attention throughout the day. Cognitive difficulties affect our
ability to remember to carry out tasks, maintain concentration and even have
conversations with others. These aspects of daily living use cognitive processes such
as memory, attention and complex mental skills called ‘executive functions’. It is
important for our healthcare systems to be able to identify and treat people with long-
COVID for their cognitive difficulties, but first we need to understand what these are
in more detail.

Reviewing the Neuropsychological Impact of other SARS-related syndromes
Research has shown damaging neurological and cognitive effects of previous human
coronaviruses including Severe Acute Respiratory Syndrome (SARS) and Middle
East Respiratory Syndrome (MERS). A largescale study which reviewed acute and
post-infectious cognitive impacts of SARS and MERS reported that more than 15% of
individuals identified ongoing difficulties with concentration, memory, fatigue and
insomnia (Rogers et al., 2020). Given that previous coronaviruses have resulted in
individuals experiencing cognitive difficulties, there are concerns that survivors of
COVID-19 may be at risk of developing similar difficulties.

Like other respiratory ilinesses, COVID-19 can bring about lung complications such
as pneumonia and even Acute Respiratory Distress Syndrome (ARDS). ARDS is
when there is severely low blood oxygen in the body which can cause the brain to be
starved of oxygen and this puts individuals at risk of developing cognitive difficulties.
A study by Mikkelsen et al. (2012) reported that 55% of ARDS survivors displayed
cognitive difficulties in the areas of memory, executive functioning, and our ability to
use appropriate words in conversations 12 months after leaving hospital.

Cognitive Difficulties relating to HIV, Lyme Disease and Chronic Fatigue
Syndrome

To explore the potential cognitive difficulties associated with COVID-19, it is useful to
understand cognitive difficulties which have been described in other post-infectious
and post-viral syndromes which share similar presentations, including HIV (human
immunodeficiency virus), Lyme Disease and Chronic Fatigue Syndrome (CFS).

There is no definite cause of cognitive difficulties in HIV-1 infected individuals.
However, like COVID-19, the central nervous system might be involved and many
people, despite receiving antiretroviral therapy, develop cognitive disorders. There
are frequently reported difficulties with attention, working memory, executive
functioning and our ability to use appropriate words.

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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Lyme Disease can affect several systems in our bodies, such as the central nervous
system which can cause inflammation of the brain (Fallon et al., 2010). Cognitive
difficulties in individuals with Lyme Disease are reported with executive functioning
and our memory for language. Problems with attention and the ability to think flexibly
are also reported.

Fatigue is often reported following viral infections. Some research suggests that
psychiatric disorders such as anxiety and depression worsen chronic fatigue
symptoms. However, it is important to note that these psychological and psychiatric
disorders i.e., anxiety and depression, are not the sole cause of chronic fatigue.
There are various symptoms associated with chronic fatigue and up to 85% of
individuals report cognitive difficulties (Komaroff, 1993). Cognitive difficulties are
reported with attention, processing information, word finding and reaction times.
Moreover, individuals with CFS and post-COVID-19 syndrome both describe their
difficulties as being like ‘brain fog’.

The similar cognitive difficulties among postinfectious and post-viral syndromes
suggests that cognitive difficulties in patients with post-COVID-19 syndrome might
include attention, memory and executive functions. While COVID-19 may result in
cognitive difficulties for some people, not everyone who is infected will go on to
develop these difficulties. As such, it is necessary to identify who is likely to report
cognitive difficulties.

Current Research of Cognitive Difficulties & Post-COVID-19 Syndrome

The medium and long-term emotional and cognitive effects of COVID-19 are not fully
known, though recent research has begun to explore this. A study by Jaywant et al.
(2021) analysed the frequency and profile of cognitive difficulties in COVID-19
patients in the recovery phase; the majority (81%) displayed cognitive difficulties with
specific problems in working memory, divided attention and the ability to think
flexibly. However, the participants consisted of individuals receiving acute inpatient
rehabilitation prior to discharge and cognitive assessments were undertaken 6.6 days
(average) after patients’ transfer from the acute hospital. This is not therefore a study
analysing cognitive difficulties among post-COVID-19 syndrome, as defined by NICE-
SIGN-RCGP (2020).

Another study by Hampshire et al. (2020) examined data from cognitive tests from
84,285 individuals who participated in the Great British Intelligence Test who had
been infected with COVID-19. They similarly reported difficulties across multiple
cognitive areas, including visual attention and verbal problem solving. Critically, the
study used an online platform without a clinician to administer cognitive tests. The
study also did not use the NICE-SIGN-RCGP (2020) definition of post-COVID-19 and
relied on individuals’ self-reported perceptions that they had recovered from COVID-
19.

Individual Differences Associated with Cognitive Functioning in Post-COVID-19
Syndrome

There are several other factors which will be important in understanding who is at
greater risk of experiencing cognitive difficulties among people with post-COVID-19
syndrome. The Hampshire et al. (2020) study demonstrated that increasing levels of
respiratory care, ranging from being at home to being in hospital on ventilators,

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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negatively impacted peoples’ overall cognitive scores. This is also the case among
SARS survivors and in those requiring mechanical ventilation for critical iliness.

On the other hand, the recent post-hospitalisation COVID-19 study (PHOSP-COVID,
2021) analysed information collected via questionnaires on emotional, physical and
cognitive outcomes of 1077 COVID-19 patients discharged from hospital in 2020.
People were categorised into four groups depending on the severity of scores from
their outcome measures. However, interestingly, the severity of outcomes was not
related to being on mechanical ventilation. This led the researchers to conclude that
severity of ongoing emotional, physical and cognitive difficulties are a result of
mechanisms independent of mechanical ventilation.

Cognitive difficulties reported by individuals following hospitalisation with COVID-19
may also be affected by many different psychological and social-psychological
factors, including anxiety, depression, being in hospital, witnessing staff wearing
PPE, visitor restrictions and the global trauma impact.

The present research study hopes to explore the potential cognitive difficulties
among patients with post-COVID-19 syndrome. The information gathered from this
research may help us understand more about some of the cognitive difficulties
patients experience with long-COVID which could help create the best possible
treatment for future patients with long-COVID.

1.2 RATIONALE FOR STUDY

According to the Office for National Statistics, an estimated 1.1 million people in the
UK community reported experiencing long-COVID while an estimated 674,000
people reported that their symptoms have negatively impacted on their ability to
undertake their day-today activities. The Scottish Government has set out the
‘Framework for supporting people through Recovery and Rehabilitation during and
after the COVID-19 Pandemic’ which has a core focus on the rehabilitation of
individuals. A major problem faced by healthcare professionals in organising
outpatient services to treat this emerging patient group is that the associated
symptoms, particularly cognitive symptoms, have not yet been clearly defined or
measured. Of particular focus for the current research are ongoing cognitive
symptoms associated with COVID-19. People with long-COVID have described these
cognitive difficulties as feeling mentally slow, hazy and struggling to sustain attention
throughout the day. As such, the present study is primarily concerned with
understanding the potential cognitive difficulties among COVID-19 survivors. The
information gathered from this research may help us understand more about some of
the cognitive difficulties patients experience with long-COVID which could help create
the best possible treatment for future patients with long-COVID.

While preliminary evidence exists showing the potential role of COVID-19 infection in
cascading illness extension in domains of cognitive functioning, no research studies
have used objective assessment methods to study cognitive difficulties among
patients with post-COVID-19 syndrome. As such, no clear profile of cognitive
difficulties has been established for this patient group using object measures with
relevant comparisons to normative data. The analysis of the broader literature related
to cognitive difficulties following postinfectious and post-viral syndromes also
indicated that not all infected patients will progress to experiencing cognitive decline.
No research exists examining potential individual factors related to cognitive
difficulties to help identify which patients are more vulnerable to cognitive decline

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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than others within this patient group. The research is driven by two empirical
questions: (i) examine the types of difficulties in cognitive functioning reported among
patients with post-COVID-19 syndrome and (ii) what factors related to age, sex,
ethnicity, anxiety, depression, fatigue, emotional and psychological distress, quality
of life, length of stay in hospital and being ventilated are associated with different
types of difficulties in cognitive functioning among patients with post-COVID-19
syndrome. In order to do this, the research study will analyse outcome measures
individuals complete during a mental health screening clinic as well as information
from cognitive assessments. The procedure will be explained in more detail below.

The present study does not seek to present causal inferences between
hospitalisation with COVID-19 and cognitive difficulties, but rather to explore the
potential cognitive difficulties among patients with post-COVID-19 syndrome. The
information gathered from this research may help us understand more about some of
the cognitive difficulties patients experience with post-COVID-19 syndrome which
could help create the best possible treatment for future patients with post-COVID-19
syndrome.

2 STUDY OBJECTIVES

21 OBJECTIVES

2.1.1 Primary Objective

To examine the types of difficulties in cognitive functioning among patients with post-
COVID-19 syndrome.

2.1.2 Secondary Objectives

To examine what factors related to age, sex, ethnicity, anxiety, depression, fatigue,
emotional and psychological distress, quality of life, length of stay in hospital and
being ventilated are associated with different types of difficulties in cognitive
functioning among patients with post-COVID-19 syndrome.

3 STUDY DESIGN

Design (Please see Study Flowchart below).

The current study is linked with another study (IRAS 297003) taking place in a newly funded
COVID-19 Mental Health Screening Clinic within NHS Grampian. This service is led by
Liaison Psychiatry with input from the Multi-Disciplinary Team (MDT). The data collected as
part of the current study will draw from data collected as part of the COVID-19 Mental Health
Screening Clinic.

Protocol

At the point where individuals are offered to participate in the current research, they will have
already attended a 30 minute screening appointment with either a psychologist or psychiatrist.
This screening appointment will have been conducted via Attend Anywhere (NearMe). This
step is associated with the linked study (IRAS 297003). By the end of the screening clinic,
participants will have completed the following questionnaires:

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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e Patient Health Questionnaire (PHQ-9)

e Generalised Anxiety Disorder (GAD-7)

e Cognitive Change Index (CCI)

e The Trauma Screening Questionnaire (TSQ)

e Functional Assessment of Chronic lliness Therapy-Fatigue Scale (FACIT-Fatigue)
e Clinical Outcomes in Routine Evaluation ten item measure (CORE-10)

¢ EuroQol 5-dimensions (EQ5-D-5L)

e Bespoke Cognitive Measure (BCM; Psychological and Cognitive Changes since
having COVId-19)

During this screening appointment, if they indicate that they are experiencing cognitive
difficulties via the Cognitive Change Index and/or verbally to the treating clinician, they will be
offered further clinical input with a clinician to complete cognitive assessments which is part of
routine clinical care. If they opt-in to engage with cognitive assessment and meet the
research's criteria, they will be advised of the current research. As the 30 min screening
appointment is via NearMe, individuals will be sent a Patient Information Sheet in the post so
they can digest the information in their own time. This will be sent via admin in the clinic. The
Participant Information Sheet will have the Chief Investigator's contact details in case the
participants have any questions regarding the research. Participants who attend their
appointment for further clinical cognitive assessment will again be advised of the current
research with the Participant Information Sheet as well as verbally, and provided with an
informed consent form. The consent form will explain that the current research wishes to
analyse the questionnaires they completed during the screening clinic as well as their
cognitive assessments. Individuals will have the option to decline involvement in the

study by indicating this to the clinician in the clinic. Individuals will still be offered further
clinical input with a psychologist or psychiatrist regardless if they agree to participate in the
study and the cognitive assessments will not be retained and stored within the dataset for the
current study. Participants will be verbally advised as well as via the information sheet that
declining to participate in the current study will not interfere with receiving further clinical care.

Cognitive assessment will take approximately 1 hour 15 minutes. This is all part of routine
clinical care. The current research project is asking for an additional 5mins (max) to complete
a demographic questionnaire. Participants are being asked for permission to allow the current
project to analyse their data which they will complete as part of routine clinical practice. Time
from consent to dissemination of findings would be the last contact with the research. How
long participants will be involved in the research will depend on when they attend their
cognitive assessment appointment but the research will run for 18 months and participants
can choose to join the study at any time. Dissemination of findings to participants will likely be
in July 2023.

Study Flowchart
Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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4 STUDY POPULATION

41 NUMBER OF PARTICIPANTS

The single group of participants will consist of individuals aged 18 and over, who were
previously hospitalised with COVID-19 within NHS Grampian. Participants will be identified as
eligible for the current research study during the screening service if they self-identify as
experiencing cognitive difficulties either via the Cognitive Change Index (CCl) and/or through
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clinical interview. All participants who indicate that they are experiencing ongoing cognitive

difficulties and who meet the inclusion criteria will be offered to participate in the current
research.

The estimated sample size required is 74. At the time of writing, 1259 patients have been
identified as being hospitalised with COVID-19 within NHS Grampian.

The study will run for 18 months, participants can choose to join the study at any time during
this period. The research will only be conducted on one site being NHS Grampian.

4.2 INCLUSION CRITERIA

1. Detail participant inclusion criteria Individuals aged 18 and over who were previously
hospitalised with COVID-19 within NHS Grampian, and, who have self-identified as
having persisting cognitive difficulties as assessed by the Cognitive Change Index
during clinical assessment.

2. Individuals who meet the criteria for ‘post-COVID syndrome’, as defined by NICE-
SIGN-RCGP (2020) as ‘signs and symptoms that develop during or after an infection
consistent with COVID-19 which continue for more than 12 weeks and are not
explained by an alternative diagnosis’.

4.3 EXCLUSION CRITERIA
1. Detail participant exclusion criteria Individuals with a Learning Disability, as classified
by ICD-10.

2. Individuals with a previous moderate/ severe brain injury or previous brain injury with
clinically noted cognitive change.

3. Individuals with a diagnosis of dementia.

4. Individuals with severe sensory, visual or hearing impairment which might interfere
with testing.

5. Individuals with a dependency on alcohol or recreational drugs.

6. Individuals not able to engage with questionnaires or cognitive assessment due to a
limited level of English ability such as English not being their first language.

7. Individuals lacking capacity, as assessed by the treating clinician.

5 PARTICIPANT SELECTION AND ENROLMENT

5.1 IDENTIFYING PARTICIPANTS

Individuals who indicate cognitive difficulties either via the Cognitive Change Index and/or
during the screening clinic will be offered further clinical assessment. If participants opt-in to
receiving further clinical assessment, and meet the study criteria, they will be advised of the
current research study by their treating clinician/ direct care team.

The direct care team will have a copy of inclusion/ exclusion criteria in order to identify who
will be offered involvement in the research based on their medical records. Only members of
the direct care team will have access to patient records.

Any participants thought not to have capacity to consent will not be approached.

Current measures maintaining confidentiality for patients that are in place within the
Neuropsychology service will be applied to those patients that will be approached to be
offered the opportunity to take part in the current research.

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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5.2 CONSENTING PARTICIPANTS

Individuals will be given a Participant Information Sheet sent to them in the post following the
screening clinic. Individuals will therefore have time to read and digest the information prior to
attending their cognitive assessment appointments where the treating clinician will again, go
over the patient information sheet with participants before taking informed consent. The
consent form will be read through with each participant to ensure it is understood properly
what the consent is being given for. An opportunity to ask questions will be given and further
time to consider participation if that is needed at that point.

By taking part in the research, individuals are consenting to the research being able to
analyse the questionnaires completed during the screening clinic and the cognitive
assessments. Informed consent will be taken by the clinician conducting the cognitive
assessment.

5.2.1 Withdrawal of Study Participants

Participants who decide to take part, are still free to withdraw at any time and without giving a
reason. A decision to withdraw at any time, or a decision not to take part, will not affect the
standard of care they receive. Taking part in this research will not interfere or prevent
individuals receiving appropriate clinical input now, or in the future. As participation in the
research study is anonymous, it will not be possible to withdraw data.

6 STUDY ASSESSMENTS

6.1 STUDY ASSESSMENTS

This project will have three stages (please refer to Study Matrix below for more detail):
Stage 1: Preparation/ Development Phase.

At this stage study sponsorship and ethical agreement will be sought. Cognitive assessments
will be carefully selected by the Chief Investigator and Clinical Supervisor/ Clinical
Neuropsychologist, Dr Maggie Whyte.

Stage 2: COVID-19 Mental Health Screening — Linked Study (IRAS: 297003).

At the point where individuals are offered to participate in the current research, they will have
already attended a 30 minute screening appointment within the COVID-19 Mental Health
Screening Service within NHS Grampian. Their screening appointment will have been
conducted via Attend Anywhere (NearMe) with either a Clinical Psychologist or a Psychiatrist.

By the end of the screening clinic, participants will have completed the following
questionnaires:

o Patient Health Questionnaire (PHQ-9)

e Generalised Anxiety Disorder (GAD-7)

e Cognitive Change Index (CCl)

e The Trauma Screening Questionnaire (TSQ)

e Functional Assessment of Chronic lliness Therapy-Fatigue Scale (FACIT-Fatigue
Scale)

e Clinical Outcomes in Routine Evaluation ten item measure (CORE-10)
e EuroQol 5-dimensions (EQ5-D-5L)

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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e Psychological and Cognitive Changes since having COVID-19 (Bespoke Cognitive
Measure; BCM)

During the screening appointment, if they indicate that they are experiencing cognitive
difficulties via the Cognitive Change Index and/or verbally to the treating clinician, they will be
offered further clinical input with a clinician to complete cognitive assessments, which is part
of routine clinical care. If they opt-in to receive this cognitive assessment and meet the
research's criteria, they will be advised of the current research. As the 30 min screening
appointment is via NearMe, individuals will be sent a Patient Information Sheet in the post so
they can digest the information in their own time. This will be sent via admin in the clinic. The
Participant Information Sheet will have the Chief Investigator's contact details in case the
participants have any questions regarding the research. Participants will be verbally advised
as well as via the information sheet that declining to participate in the current study will not
interfere with receiving further clinical care. They will be made aware that they will still be
offered further clinical input regardless if they agree to participate in the research and the
cognitive assessments will not be retained and stored within the dataset for the current study.
See the Study Flowchart in section 3.2 and the Study Matrix in section 3.3 for full details of
the measures included.

Stage 3: Cognitive Assessment.

Participants who attend their appointment for further clinical cognitive assessment will again
be advised of the current research with the Participant Information Sheet as well as verbally,
and provided with an informed consent form. The consent form will explain that the current
research wishes to analyse the questionnaires they completed during the screening clinic as
well as their cognitive assessments. Individuals will have the option to decline involvement in
the study by indicating this to the clinician in the clinic. Individuals will still be offered further
clinical input with a psychologist or psychiatrist regardless if they agree to participate in the
study and the cognitive assessments will not be retained and stored within the dataset for the
current study. Participants will be verbally advised as well as via the information sheet that
declining to participate in the current study will not interfere with receiving further clinical care.
They will be made aware that they will still be offered further clinical input regardless if they
agree to participate in the research and the cognitive assessments will not be retained and
stored within the dataset for the current study.

Participants will be asked to complete a demographic sheet which will ask for their age, sex,
ethnicity, length of stay in hospital, whether they were ventilated and if they have a previous
head injury.

The cognitive assessments will be administered by an experienced clinician and overseen by
Dr Maggie Whyte, Consultant Clinical Neuropsychologist. Cognitive assessment will take a
maximum of 1 hour 15 minutes (including instructions) and offered over several sessions,
depending on the individuals' needs. As per routine clinical procedures, testing can also be
stopped and re-scheduled at any point depending on their needs. The cognitive assessments
will take place face-to-face in an outpatient clinic within NHS Grampian.

Individuals will be advised that they will be contacted by a clinician from the Department of
Neuropsychology to discuss the results from their cognitive assessments and plan further
treatment, if required. Data collected to date will be analysed and written up for Tessa
Stanley’s doctoral thesis.

Understanding Cognitive Function among Individuals with Protocol. Version 3 27 May 2022
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Study Matrix
Stage 1 Stage 2 Stage 3
Study COVID-19 Mental Cognitive
Preparation Health Screening Assessment
(Linked Study IRAS:
297003)

Apply for permissions e.g. sponsorship, ethics ()

R&D Approval 2

Select Cognitive Assessments .

Informed Consent e

Demographic Questionnaire ®

Patient Health Questionnaire (PHQ-9) ®

Generalised Anxiety Disorder (GAD-7) L

Cognitive Change Index (CCl) *

The Trauma Screening Questionnaire (TSQ) &

Functional Assessment of Chronic lliness .

Therapy-Fatigue Scale (FACIT-Fatigue Scale)

Clinical Outcomes in Routine Evaluation ten b

item measure (CORE-10)

EuroQol 5-dimensions (EQ5-D-5L) .

Bespoke Cognitive Measure (BCM; Psychological .

and Cognitive Changes since having COVId-19)

Wechsler Test of Adult Reading (WTAR) L

California Verbal Learning Test, Third Edition. ¢

(CVLT-3)

The Logical Memory subtest of the Wechsler .

Memory Scale, 4th Edition (WMS-1)

Rey-Osterrieth Complex Figure Test (ROCFT) &

Digits Backwards & Forwards Span from the o

Wechsler Memory Scale, 4th Edition (WMS-IV)

Elevator Counting & Elevator Counting with C

Distraction subtests of the Test of Everyday

Attention (TEA)

Verbal Fluency Subtest of the Delis-Kaplan .

Executive Functioning System (D-KEFS)

Zoo Map Subtest of the Behavioural Assessment .

of Dysexecutive Syndrome (BADS

Colour Trails Test .
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7 DATA COLLECTION

Please refer to the Study Matrix
Primary Outcomes

The primary outcome is to examine the types of difficulties in cognitive functioning among
patients with post-COVID-19 syndrome. Cognitive functioning will be assessed using several
cognitive tests which assess a range of cognitive abilities, including: pre-morbid functioning,
memory, attention, executive functioning and processing speed. These are listed and
described in detail below. The treating clinician will collect the data as measures completed
are part of routine clinical care. Individuals will be supported to complete all measures and will
be offered shorter appointments over several sessions, depending on the needs of the
individuals. Moreover, testing can be stopped at any time and individuals can re-arrange
another appointment, depending on their needs. For example, if they are becoming fatigued
or are struggling with their concentration.

Cognitive Change

Cognitive Change Index (CClI) (Saykin et al. 2006)

The CCl is a 20-item, self-report tool measuring perceived cognitive decline across domains
of memory, executive function and language. Other measures including the Cognitive Failures
Questionnaire and the Everyday Memory Questionnaire were considered, although the CCl
was chosen following consultation with the Consultant Clinical Neuropsychologist. The
language is accessible, facilitating ease of completion. The CCl has shown high internal
consistency a=0.96 (Rattanabannakit et al., 2016). This measure will be used as part of th
initial screening process to determine whether cognitive difficulties are present.

Premorbid Functioning

Wechsler Test of Adult Reading (WTAR; Wechsler, 2001)

This is a measure of pre-morbid functioning as vocabulary strongly correlates with overall
ability level and is relatively unaffected by most non-aphasic brain disorders (Lezak et al.,
2012). 50 irregular words are presented and individuals’ ability to correctly pronounce them
suggests prior knowledge of them. The WTAR was co-normed among a US and UK sample
for ages 16-89 years.

Memory

California Verbal Learning Test, Third Edition. (CVLT-3; Delis et al., 2017)

This measures both immediate and delayed memory abilities. The examiner reads List A
words 5 times, followed by an interference List B. Participants engage in ‘free’ and cued recall
of List A items. Thereafter, there is a 20 minute ‘long delay’ which measures recall of List A
under the same two conditions of ‘free’ and ‘cued’. The measure was created to assess the
use of semantic associations when learning words and as a screen for memory impairments.
The 3rd edition was standardised on a large sample of adults (ages 16-90) based on the 2015
US Census data.

The Logical Memory subtest of the Wechsler Memory Scale, 4th Edition (WMS-I; Wechsler,
2009).

This test measures verbal memory and learning. Individuals are told a story and they are
required to recall as much as possible immediately and after a 20-30-minute delay. The test
is sensitive to detect subtle memory changes among individuals with mild cognitive
impairment (Lezak et al., 2012).
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Rey-Osterrieth Complex Figure Test (ROCFT; Osterrieth, 1944, Rey, 1941)

This primarily measures visual memory and visual-spatial constructional ability. Participants
are shown a complex figure and asked to copy it, then the original image is removed.
Participants complete an immediate recall followed by a delayed recall of 20-30 minutes.
Internal reliability coefficients (Cronbach alpha (a)) for copy condition is greater than a =0.60,
and greater than a =0.80 for both immediate and delayed recall conditions (Strauss et al.,
2006).

Digits Backwards & Forwards Span from the Wechsler Memory Scale, 4th Edition (WMS-1V;
Wechsler, 2009)

This will measure working memory (Lezak et al., 2012).

Attention

Elevator Counting & Elevator Counting with Distraction subtests of the Test of Everyday
Attention (TEA; Robertson et al., 1994, 1996)

These two subtests are widely used clinically and are ecologically valid measures of
sustained and selective attention (Robertson et al, 1996). During elevator counting,
individuals establish which imagined floor they are on by counting a series of seven strings of
tones. Elevator with distraction requires individuals to count the same pitched tones from the
previous test while ignoring higher pitched distractor tones. This replicates the auditory
distractions individuals hear in daily life.

Executive Function

Verbal Fluency Subtest of the Delis-Kaplan Executive Functioning System (D-KEFS; Delis et
al., 2001)

Verbal fluency measures an individual’s ability to produce fluent speech as well as ‘executive’
aspects of verbal behaviour including cognitive flexibility (Lezak et al., 2012). Assessment of
this includes letter, category fluency with switching. Fluency tests have demonstrated
sensitivity to acute deficits following mild-traumatic brain injury (mTBI) (Belanger et al., 2005).

Zoo Map Subtest of the Behavioural Assessment of Dysexecutive Syndrome (BADS; Wilson
et al., 1996)

The Zoo Map subtest will measure planning abilities. Participants have two attempts to plan a
route through a zoo while adhering to sets of rules and varying amount of instructions.
Penalties are imposed for rule breaks and lack of speed. The test demonstrates adequate
discriminant and ecological validity (Norris & Tate, 2000; Wilson et al., 1996).

Processing Speed

Colour Trails Test (D’Elia et al., 1996)

This test will assess processing speed as well as non-verbal aspect of sustained and divided
attention. Participants are asked to connect digits within circles in ascending numerical order,
beginning with 1 to 25. In Part 2, participants connect digits within circles with alternate colour
and completion times are recorded for each trial. Adult version is for ages 18-89. Normative
data is based on a sample of 1528 healthy volunteers across various ethnicities (D’Elia et al.,
1996).

Secondary Outcome: The secondary outcome is to examine what factors related to age,
sex, ethnicity, anxiety, depression, fatigue, emotional distress, length of stay in hospital and
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being ventiliated are associated with different types of difficulties in cognitive functioning
among patients with post-COVID-19 syndrome.

Demographic Questionnaire

The demographic information will gather information related to age, sex, ethnicity, length of
stay in hospital and whether the individual was ventilated or not. The demographic sheet will
also ask if participants have had a previous head injury.

Mood

Patient Health Questionnaire-9 (PHQ-9; Kroenke et al., 2001)

The PHQ-9 is a self-report measure assessing depression severity, which parallels the 9
symptoms used to diagnose Major Depressive Disorder according to the DSM-IV criteria, with
higher scores indicating more severe symptoms. It is recommended by NICE (2011) and used
in a variety of populations both clinically and in research. It has good internal consistency (a =
0.86-0.89) (Kroenke et al., 2001).

Generalised Anxiety Disorder-7 (GAD-7; Spitzer et al., 2006)

This standardised measure was originally developed to monitor Generalised Anxiety Disorder
and is also recommended by NICE (2011). It is routinely utilised in primary care and mental
health services to monitor reported symptoms; higher scores indicate more severe symptoms.

Fatigue

Functional Assessment of Chronic lliness Therapy-Fatigue Scale (FACIT-4; Hewlett et al.,
2011)

This is a 13-item tool designed to assess fatigue and tiredness and its effect on daily
functioning in several chronic illnesses. It has demonstrated good reliability and validity
across populations and in long-term conditions such as MS, cancer and neurologic disorders
(Hewlett et al., 2011).

Emotional Distress

Trauma Screening Questionnaire is a 10-item tool which asks individuals to record the
presence, or absence of PTSD symptoms over the past week. The measures has been
validated across various populations and is reported to have good sensitivity in assessing
PTSD symptoms (Brewin, 2005; Walters et al., 2007).

Psychological Distress

Clinical Outcomes in Routine Evaluation ten item measure (CORE-10; Connell & Barkham,
2007)

The CORE-10 is a short-form of the Clinical Outcomes in Routine Evaluation Outcome
Measure CORE-OM (Barkham et al. 2001, 2005; Evans et al. 2002). The CORE10 captures
'psychological distress' and comprises 10 items relating to the domains of symptoms (anxiety,
depression, physical and trauma), life functioning and risk to self. The psychometric
properties of the CORE10 have shown it to have good internal reliability with an alpha for the
overall scale of 0.82 (Cl 0.79-0.85) (Connell & Barkham, 2007).

Quality of Life
EuroQol 5-dimensions (EQ5-D-5L; van Reenen M, Oppe M, 2015).

The EQ5-D-5L will be used to measure Quality of Life, which consists of items classified into
five dimensions: mobility, selfcare, usual activity, pain/discomfort, and anxiety/depression.
The EQ5-D-5L is one standard measurement scale for QoL. On the thermometer-like scale
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(EQ VAS), individuals describe how good or bad they feel by marking the scale from 0 to 100
where 0 is the worst possible health and 100 is the best possible health, thus generating the
EQ VAS individual self-estimated health condition, defined as the VAS score.

Subjective Report of Psychological and Cognitive Changes since COVID-19

Psychological and Cognitive Changes since having COVID-19 (Bespoke Cognitive Measure
BCM)

This measure was developed by Consultant Clinical Neuropsychologist, Dr Maggie Whyte as
a brief way to capture an individual’s perceived changes since having COVID-19. The
measure offers a free text box which the other measures don't allow. This offers the
individuals the opportunity to write freely an account of their perceived changes since having
COVID-19. This will allow for subjective reports of peoples’ experiences to be reported.

71 Source Data Documentation

Outcome measures as part of the COVID-19 Mental Health Screening Service linked study
will either be completed electronically or via paper. Where patients have opted for completion
via paper questionnaire, study data from questionnaires will be input onto an excel database
by the treating clinician matched with a unique Audit identifier. This will be completed by the
clinician within the screening service. All data will be input via NHS computer with triple
password protection - laptop pin, NHS G log on and password protected excel sheet and will
be stored on secure servers within NHS Grampian - this data will be completely anonymised
with a unique audit identifier (UAI).

When the cognitive assessments are completed, the clinician will fill in a cognitive
assessment summary sheet, which again, is part of routine clinical practice. This sheet
documents all the scores from the assessments with no identifiable information, just the
scores. The clinician will add the UAI to the sheet, make a copy and give it to the researcher.
The original cognitive summary sheet will be retained according to NHSG policies and
procedures as part of the patients notes which is routine clinical practice. The copy will be
destroyed appropriately after the data has been input into the excel sheet. This ensures that
no personal, identifiable information will be accessed by the researcher. The researcher will
then input the scores into a password protected excel sheet, similarly stored on NHS
computers which are fire-walled and password protected.

Case Report Forms

Document the type of case report forms which will be used, including any electronic data
collection procedures.

8 DATA MANAGEMENT

8.1.1 Personal Data

Several measures of emotional and cognitive outcomes will be collected as part of the
research. All of this data will be anonymised.

8.1.2 Data Information Flow

Any personal data will be stored as per routine clinical practice procedures, Data Protection
Act and NHS Grampian Confidentiality policy. All data will be anonymised before it is
accessed by the researcher.
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8.1.3 Transfer of Data

Data collected or generated by the study will not be transferred to any external individuals or
organisations outside of the Sponsoring organisation(s).

8.1.4 Data Controller

A data controller is an organisation that determines the purposes for which, and the manner in
which, any personal data are processed.

The University of Edinburgh and NHS Lothian are joint data controllers along with any other
entities involved in delivering the study that may be a data controller in accordance with
applicable laws (e.g. the site)

8.1.5 Data Breaches

Any data breaches will be reported to the University of Edinburgh and NHS Lothian Data
Protection Officers who will onward report to the relevant authority according to the
appropriate timelines if required.

9 STATISTICS AND DATA ANALYSIS

9.1 SAMPLE SIZE CALCULATION

Sample size was calculated using the G*Power online statistical calculator (Faul, Erdfelder &
Buchner, 2009). Effect size was estimated to be medium (f2=0.15) for regression models
(Cohen, 1988). The calculation included 9 predictor variables (age, sex, ethnicity, anxiety,
depression, fatigue, emotional distress and length of stay in hospital and presence or
absence of ventilation), an alpha level of 0.05, and statistical power of 0.95 (Cohen, 1992;
Green, 1991). The total sample size is estimated to be 74.

The research will run for 18 months and participants can choose to join the study at any time.
At the time of writing, 1259 patients have been identified as being hospitalised with COVID-19
within NHS Grampian. Anecdotally, from GPs and other clinicians, many individuals are eager
to receive support for their experience of post-COVID-19 syndrome. The PHOSP-COVID
study (2021) reported 17% prevalence of cognitive impairment in a sample of 1077 patients
discharged from hospital following COVID-19, as assessed by the Montreal Cognitive
Assessment.

9.2 PROPOSED ANALYSES

The data will be analysed using IMB SPSS V22, or equivalent. Demographic
information will be explored via descriptive statistics. Data analyses will be conducted
to understand cognitive difficulties among individuals according to the research aims:

Research Aim 1: To understand the patterns of cognitive difficulties among patients
with post-COVID-19 syndrome, participants’ performance scores on cognitive
assessments will be converted to z-scores and compared to normative data of each
cognitive test. The frequencies of scores will be examined. For cognitive measures,
‘mild/borderline’ will be defined as 1 SD below the mean of the normative sample
while ‘impaired’ will be defined as scoring 2 SD or more below the mean of the
normative sample. This classification has been used in another study examining
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cognitive functioning in patients with post-COVID-19 syndrome (Jaywant et al.,
2021).

Research Aim 2: To understand what individual characteristics are associated with
cognitive difficulties within the post-COVID-19 cohort, a cross-sectional correlational
analysis will be adopted. The researcher will utilise regression methodology where
measures of cognitive function will be represented as the DV, while individual
characteristics (age, sex, ethnicity, anxiety, depression, fatigue, PTSD symptoms,
psychological distress, quality of life and disease severity) will represent the IVs. A
multiple regression model will be computed per cognitive domain. Appropriate
corrections to statistics will be applied.

10 RISKS

The research will incorporate measures and cognitive assessments which have been
developed through theory and have been validated and utilised in multiple clinical
populations and so we do not anticipate any ethical issues when using these
measures with patients with post-COVID-19 syndrome. It is unlikely any harm will
come to participants during this research.

Ethical Issues
Neuropsychological Assessment

Implementing the measures and cognitive assessments are not associated with any
significant risk, although there is a low risk that individuals will become anxious and/
or distressed. To manage this risk, individuals primary source of support will be their
treating clinician who will provide mental health support as part of routine clinical
care. Moreover, there will be a clinical psychologist available within the screening
service to support participants if and when required. If a participant feels that they
would like additional support due to any issues raised then they can speak to the
clinician present. Participants will be given the contact number for the COVID- 19
clinic where they can access support (Monday-Friday) from a Psychologist/
Psychiatrist to give advice and sign posting. Participants attending the clinic will have
an assigned mental health professional who can assist with management of
psychological distress and assess risk.

Participant Burden & Effort

Completing cognitive assessment requires mental effort on behalf of the participant.
However, the cognitive assessment is routine clinical practice and participants will
not be required to complete anything additional, minimising participant burden.
Cognitive assessments were carefully selected with the supervision of the field
supervisor, Dr Maggie Whyte, Consultant Clinical Neuropsychologist, with the
additional consideration of participant burden.

Post-COVID-19 syndrome has been associated with fatigue. Engagement with
neuropsychological testing will require both mental and physical effort which has the
potential to increase fatigue. To mitigate this risk, experienced clinicians who are
aware of the impact of fatigue on effort and cognitive performance will be
administering the neuropsychological testing as part of routine clinical practice.
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Moreover, testing will be conducted over several, shorter sessions, if necessary,
depending on the individuals’ preferences and needs (e.g., difficulties with
concentration, fatigue etc.). Testing can also be stopped at any point and re-
scheduled depending on the individuals' needs.

COVID-19

At the time of writing, COVID-19 remains a public health crisis which has the
potential to affect any individual involved with the study. The pandemic is a dynamic
situation, associated with several risks of new ‘waves’ of infection and restrictions on
people’s movements. However, NHS Scotland continues to facilitate a vaccination
programme and governmental restrictions are easing, enabling participants to travel
and attend the clinic. The clinic will continue to follow Government and NHS
Grampian's COVID safety measures including social distancing, window ventilation,
hand gelling, pre-COVID checks etc.

Travel and Inconvenience

Engaging in the research will involve no additional inconvenience to participants.
They will be attending the clinic to complete cognitive assessments as part of routine
clinical care and travel to their appointments is part of this. Data analysis for the
project will continue until November/ December 2023 to give individuals ample time
to attend the clinic and engage in neuropsychological assessment at a time
convenient to them.

All participants will complete the measures via routine clinical practice and the data
will be compared to normative samples, which means there will be no withholding
treatment for a control group, offsetting this possible ethical issue.

11 OVERSIGHT ARRANGEMENTS

11.1 INSPECTION OF RECORDS

Investigators and institutions involved in the study will permit trial related monitoring and
audits on behalf of the sponsor, REC review, and regulatory inspection(s). In the event of
audit or monitoring, the Investigator agrees to allow the representatives of the sponsor direct
access to all study records and source documentation. In the event of regulatory inspection,
the Investigator agrees to allow inspectors direct access to all study records and source
documentation.

11.2 STUDY MONITORING AND AUDIT

The ACCORD Sponsor Representative will assess the study to determine if an independent
risk assessment is required. If required, the independent risk assessment will be carried out
by the ACCORD Quality Assurance Group to determine if an audit should be performed
before/during/after the study and, if so, at what frequency.

Risk assessment, if required, will determine if audit by the ACCORD QA group is required.
Should audit be required, details will be captured in an audit plan. Audit of Investigator sites,
study management activities and study collaborative units, facilities and 3 parties may be
performed.
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12 GOOD CLINICAL PRACTICE

121 ETHICAL CONDUCT

The study will be conducted in accordance with the principles of the International Conference
on Harmonisation Tripartite Guideline for Good Clinical Practice (ICH GCP).

Before the study can commence, all required approvals will be obtained and any conditions of
approvals will be met. The Chief Investigator has undertaken Good Clinical Practice Training.

12.2 INVESTIGATOR RESPONSIBILITIES

The Investigator is responsible for the overall conduct of the study at the site and compliance
with the protocol and any protocol amendments. In accordance with the principles of ICH
GCP, the following areas listed in this section are also the responsibility of the Investigator.
Responsibilities may be delegated to an appropriate member of study site staff.

12.2.1 Informed Consent

The Investigator is responsible for ensuring informed consent is obtained before any protocol
specific procedures are carried out. The decision of a participant to participate in clinical
research is voluntary and should be based on a clear understanding of what is involved.

Appropriate Participant Information and Informed Consent Forms will be provided. The oral
explanation to the participant will be performed by the treating clinician (qualified delegated
person) and will cover all the elements specified in the Participant Information Sheet and
Consent Form.

The participant will be given every opportunity to clarify any points they do not understand
and, if necessary, ask for more information. The participant will be given sufficient time to
consider the information provided. It should be emphasised that the participant may withdraw
their consent to participate at any time without loss of benefits to which they otherwise would
be entitled.

The participant will be informed and agree to their medical records being inspected by
regulatory authorities and representatives of the sponsor(s).

The Investigator or delegated member of the trial team and the participant will sign and date
the Informed Consent Form(s) to confirm that consent has been obtained. The participant will
receive a copy of this document and a copy filed in the Investigator Site File (ISF).

12.2.2 Study Site Staff

The Investigator must be familiar with the protocol and the study requirements. It is the
Investigator’'s responsibility to ensure that all staff assisting with the study are adequately
informed about the protocol and their trial related duties.

12.2.3 Data Recording

The Principal Investigator is responsible for the quality of the data recorded in the CRF at
each Investigator Site.

12.2.4 Investigator Documentation
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The Principal Investigator will ensure that the required documentation is available in local
Investigator Site files ISFs.

12.2.5 GCP Training

The Chief Investigator has undertaken Good Clinical Practice Training.

12.2.6 Confidentiality

All records will be kept in a secure storage area with limited access in an NHS Grampian
Building where entry is gained with staff ID badges. Clinical information will not be released
without the written permission of the participant. The Investigator and study site staff involved
with this study will not disclose or use for any purpose other than performance of the study,
any data, record, or other unpublished information, which is confidential or identifiable, and
has been disclosed to those individuals for the purpose of the study.

The researcher will not have access to the any identifiable information. No identifiable
information will be requested via the questionnaires. Questionnaires collected via the COVID-
19 Mental Health Screening Service will be entered along with a unique audit identifier to
allow the clinic to match information with the patient for clinical use, however the researchers
will not be matching the UAI with patient records.

Cognitive assessment data and demographic info will be input into secure excel database
with the individual's unique audit identifier. The researcher will then be able to match the
cognitive assessment data with the questionnaire data via the unique audit identifier. As such,
the researcher will never access any patient identifiable information. The link between the
study number and participant's personal data will not be made.

Cognitive assessments will be stored as per Data Protection Act and NHS Grampian
Confidentiality policies as these assessments are part of routine clinical care. They will be
stored in a locked filing cabinet within the Department of Neuropsychology, Ashgrove House,
Aberdeen Royal Infirmary, Aberdeen. When the cognitive assessments are completed, the
treating clinician will fill in a cognitive assessment summary sheet, which again, is part of
routine clinical practice. This sheet documents all the scores from the assessments with no
identifiable information, just the raw scores. The clinician will add the UAI to the sheet, make
a copy and give it to the researcher. The demographic questionnaire will be matched with the
UAI and given to the researcher as well. The scores will then be input into secure excel
database stored on NHS computers which are fire-walled and password protected. The copy
of the cognitive summary sheet will then be destroyed appropriately after the data has been
input into the excel sheet.

Demographic forms will be stored in a locked filing cabinet within the Department of
Neuropsychology. Consent forms will be stored separately in locked filing cabinet within the
Department of Neuropsychology.

12.2.7 Data Protection

All Investigators and study site staff involved with this study will comply with the requirements
of the appropriate data protection legislation (including the General Data Protection
Regulation and Data Protection Act) and NHS Grampian’s Confidentiality policy with regard to
the collection, storage, processing and disclosure of personal information. The Cl and study
staff will also adhere, if appropriate, to the current version of the NHS Scotland Code of
Practice on Protecting Patient Confidentiality.

Computers used to collate the data will have limited access measures via usernames and
passwords.
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Published results will not contain any personal data and be of a form where individuals are
not identified and re-identification is not likely to take place.

STUDY CONDUCT RESPONSIBILITIES

12.3 PROTOCOL AMENDMENTS

Any changes in research activity, except those necessary to remove an apparent, immediate
hazard to the participant in the case of an urgent safety measure, must be reviewed and
approved by the Chief Investigator.

Amendments will be submitted to a sponsor representative for review and authorisation
before being submitted in writing to the appropriate REC, and local R&D for approval prior to
participants being enrolled into an amended protocol.

124 MANAGEMENT OF PROTOCOL NON COMPLIANCE

Prospective protocol deviations, i.e. protocol waivers, will not be approved by the sponsors
and therefore will not be implemented, except where necessary to eliminate an immediate
hazard to study participants. If this necessitates a subsequent protocol amendment, this
should be submitted to the REC, and local R&D for review and approval if appropriate.

Protocol deviations will be recorded in a protocol deviation log and logs will be submitted to
the sponsors every 3 months. Each protocol violation will be reported to the sponsor within 3
days of becoming aware of the violation. All protocol deviation logs and violation forms

should be emailed to QA@accord.scot

Deviations and violations are non-compliance events discovered after the event has occurred.
Deviation logs will be maintained for each site in multi-centre studies. An alternative
frequency of deviation log submission to the sponsors may be agreed in writing with the
Sponsors.

12.5 SERIOUS BREACH REQUIREMENTS

A serious breach is a breach which is likely to effect to a significant degree:
(a) the safety or physical or mental integrity of the participants of the trial; or
(b) the scientific value of the trial.

If a potential serious breach is identified by the Chief investigator, Principal Investigator or
delegates, the sponsor (seriousbreach@accord.scot) must be notified within 24 hours. It is
the responsibility of the co-sponsors to assess the impact of the breach on the scientific value
of the trial, to determine whether the incident constitutes a serious breach and report to
research ethics committees as necessary.

12.6 STUDY RECORD RETENTION
All study documentation will be kept for a minimum of 3 years from the protocol defined end of

study point. When the minimum retention period has elapsed, study documentation will not be
destroyed without permission from the sponsor.

12.7 END OF STUDY
The end of study is defined as the last participant’s last visit.
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The Investigators or the sponsor have the right at any time to terminate the study for clinical
or administrative reasons.

The end of the study will be reported to the REC, and R+D Office(s) and sponsor within 90
days, or 15 days if the study is terminated prematurely. The Investigators will inform
participants of the premature study closure and ensure that the appropriate follow up is
arranged for all participants involved. End of study notification will be reported to the co-

sponsors via email to resgov@accord.scot

A summary report of the study will be provided to the REC within 1 year of the end of the
study.

12.8 INSURANCE AND INDEMNITY

The sponsor is responsible for ensuring proper provision has been made for insurance or
indemnity to cover their liability and the liability of the Chief Investigator and staff.

The following arrangements are in place to fulfil the -sponsors' responsibilities:

. The Protocol has been designed by the Chief Investigator and researchers
employed by the University and collaborators. The University has insurance in
place (which includes no-fault compensation) for negligent harm caused by poor
protocol design by the Chief Investigator and researchers employed by the
University.

. Sites participating in the study will be liable for clinical negligence and other
negligent harm to individuals taking part in the study and covered by the duty of care
owed to them by the sites concerned. The co-sponsors require individual sites
participating in the study to arrange for their own insurance or indemnity in respect
of these liabilities.

. Sites which are part of the United Kingdom's National Health Service will have the
benefit of NHS Indemnity.
. Sites out with the United Kingdom will be responsible for arranging their own

indemnity or insurance for their participation in the study, as well as for compliance
with local law applicable to their participation in the study.

13 REPORTING, PUBLICATIONS AND NOTIFICATION OF
RESULTS

13.1 AUTHORSHIP POLICY

Ownership of the data arising from this study resides with the study team.
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Participant Information Sheet
Research: Understanding Cognitive Functioning Among Individuals with Post-COVID-19

Syndrome

Chief Investigator: Tessa Stanley
Introduction

This sheet is about research that is happening in NHS Grampian. It gives some information to help
you decide if you want to take part or not. Before you decide it is important for you to understand
why the research is being done and what it will involve. Please take time to read the following
information carefully and discuss it with others, such as your GP and relatives, if you wish. If you
Maggie Whyte on 01224 559352. We are happy to answer any questions you have and would like to
thank you for taking the time to read this information.

What is this research about?

COVID-19 began spreading across the globe in early 2020 and was declared a global pandemic in
March 2020. A year later, there are increasing reports of people experiencing persisting complaints,
including fatigue, neurological and cognitive symptoms. This ongoing experience of symptoms has
come to be known as ‘long-COVID’ or post-COVID-19 syndrome. People with long-COVID have
described these cogpnitive difficulties as feeling mentally slow, hazy and struggling to sustain
attention throughout the day.

Cognitive difficulties affect our ability to remember to carry out tasks, maintain concentration and
even have conversations with others. These aspects of daily living use cognitive processes such as
memory, attention and complex mental skills called ‘executive functions’. It is important for our
healthcare systems to be able to identify and treat people with long-COVID for their cognitive
difficulties, but first we need to understand what these are in more detail.

This research project hopes to understand which cognitive difficulties people with long-COVID are

experiencing. People who have attended NHS Grampian’s COVID-19 Screening Clinic and who have
self-reported cognitive difficulties will be offered a cognitive assessment, as part of routine clinical
practice. Routine clinical practice means that everyone who reports difficulties with their cognition
will be offered these tests, regardless of if they are participating in the research or not.

To understand if there are any similar cognitive difficulties among people with long-COVID, this
research project is asking for your consent to analyse the assessments which you complete as part of
routine clinical practice. We also wish to analyse the demographic information you complete to try
to understand if these factors will affect your cognitive abilities. The demographic information we
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upset about any issue raised during the course of the research, you can also talk to Tessa Stanley or
Dr Maggie Whyte on 01224 559352. They will be happy to discuss any concerns you may have.

What are the possible benefits of taking part?

There are no direct benefits, but the information gathered from this research may help us
understand more about some of the cognitive difficulties patients experience with long-COVID which
could help create the best possible treatment for future patients with long-COVID.

Will my taking part in this research be kept confidential?

All the information we collect during the course of the research will be kept confidential and there
are strict laws which safeguard your privacy at every stage.

The research process is organised so that all data which is collected about you will be anonymised
and kept completely confidential, which means the research team will never be able to identify you.
Your information will be coded before the research team analyse it so no personal details will be
available from the questionnaires and cognitive assessments alone. Any personal information you
discuss during routine clinical practice is kept separate from the research data and will never be
given to the research team. Procedures for storing data are compliant with the Data Protection Act
(2018) and NHS Grampian Confidentiality Policy. Electronic data will be stored on NHS computer
servers, computers are password protected as per local NHS board policy. You can stop being part of
the research at any time, without giving a reason. Please note that as participation in this research
study is anonymous, it will not be possible to withdraw your data.

Once we have finished the research, we will keep some of the data so we can check the results. We
will write our reports in a way that no-one can work out that you took part in the research.

We need to manage your records in specific ways for the research to be reliable. This means that we
won’t be able to let you see or change the data we hold about you.

Anonymised data from the study will be stored for a minimum of 3 years and may be used in future
ethically approved research.

Where can | find out more about how my information is used?

You can find out more about how we use your information here:

e At https://www.ed.ac.uk/records-management/privacy-notice-research

e by asking one of the research team
e by sending an email to the University of Edinburgh Data Protection Officer at dpo@ed.ac.uk
What will happen to the results of the research?

The research will initially be published as a thesis as part of the University of Edinburgh’s Doctorate
in Clinical Psychology. The results of the research will also be made into a leaflet and a poster
explaining the findings. You will be given the opportunity to receive a summary of the findings if you
wish. We may also publish the results in scientific journals and present the results at conferences.
This will likely be made available in September 2023. We will make sure no-one can work out who
you are from the written findings.
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Who is organising and funding the research?

The project is part of Tessa Stanley’s training as part of the Doctorate in Clinical Psychology at the
University of Edinburgh. The research has been sponsored by The University of Edinburgh and
organised by the Department of Clinical Neuropsychology at Aberdeen Royal Infirmary. There is no
additional funding in place for this research.

Who has reviewed the research?

The Northeast - Newcastle & North Tyneside 1 Research Ethics Committee, which has responsibility
for scrutinising NHS research proposals, has reviewed this research and raised no objections from
the point of view of research ethics. It is a requirement that all relevant research records are made
available for scrutiny by monitors from NHS Grampian, whose role is to check that the research is
properly conducted and the interests of those taking part are protected.

Contact for Further Information

If you have any questions, you can contact Dr Maggie Whyte or Tessa Stanley on 01224 559352.

You can also email the research team at gram.neuropsych@nhs.scot

If you would like to speak to someone independent of the research, please contact Dr Jackie
Hamilton on 01224 559352.

If you have a concern about any aspect of this research, you should ask to speak to the researchers
who will do their best to answer your questions [01224 559352]. If you remain unhappy and wish to
complain formally, you can do this via NHS Grampian complaints procedure. Contact details for the
services are provided below.

NHS Grampian: The Feedback Service is open during the office hours of Monday to Friday 9am to
Spm. You can contact them via post: NHS Grampian Feedback Service, Summerfield House, 2 Eday
Road, Aberdeen, AB15 6RE. Tel: 0345 337 6338. E-mail gram.nhsgrampianfeedback@nhs.scot

Alternatively, you can complete a Feedback Card which can be found throughout NHS Grampian at
clinics and practices (please tick the Complaint box on the card to confirm you wish to make a formal
complaint).

You can also access www.hra.nhs.uk/information-about-patients to find out more about how we use
your information.

e Thank you for taking the time to read about this research!
e |f you wish to take part, please complete the accompanying consent form.
e |f you do not wish to participate, please dispose of the forms as you see fit.
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3. Manuscript Categories and Requirements
4. Preparing the Submission

5. Editorial Policies and Ethical Considerations
6. Author Licensing

7. Publication Process After Acceptance

8. Post Publication

9. Editorial Office Contact Details

1. SUBMISSION

Authors should kindly note that submission implies that the content has not been published or submitted
for publication elsewhere except as a brief abstract in the proceedings of a scientific meeting or
symposium.

New submissions should be made via the Research Exchange submission portal. You may check the
status of your submission at any time by logging on to submission.wiley.com and clicking the “My
Submissions” button. For technical help with the submission system, please review our FAQs or

contact submissionhelp@wiley.com.

All papers published in the Journal of Neuropsychology are eligible for Panel A: Psychology, Psychiatry and
Neuroscience in the Research Excellence Framework (REF).

Data protection:

By submitting a manuscript to or reviewing for this publication, your name, email address, and affiliation,
and other contact details the publication might require, will be used for the regular operations of the
publication, including, when necessary, sharing with the publisher (Wiley) and partners for production
and publication. The publication and the publisher recognize the importance of protecting the personal
information collected from users in the operation of these services, and have practices in place to ensure
that steps are taken to maintain the security, integrity, and privacy of the personal data collected and
processed. You can learn more at https://authorservices.wiley.com/statements/data-protection-
policy.html.

Preprint policy:

This journal will consider for review articles previously available as preprints. Authors may also post the

submitted version of a manuscript to a preprint server at any time. Authors are requested to update any
pre-publication versions with a link to the final published article.

2. AIMS AND SCOPE

The Journal of Neuropsychology publishes original contributions to scientific knowledge in
neuropsychology including:
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¢ clinical and research studies with neurological, psychiatric and psychological patient populations in
all age groups

* behavioural or pharmacological treatment regimes

® cognitive experimentation and neuroimaging

¢ multidisciplinary approach embracing areas such as developmental psychology, neurology,
psychiatry, physiology, endocrinology, pharmacology and imaging science

The following types of paper are invited:

* papers reporting original empirical investigations

* theoretical papers; provided that these are sufficiently related to empirical data

* review articles, which need not be exhaustive, but which should give an interpretation of the state
of research in a given field and, where appropriate, identify its clinical implications

* brief reports and comments

* case reports

e fast-track papers (included in the issue following acceptation) reaction and rebuttals (short
reactions to publications in JNP followed by an invited rebuttal of the original authors)

* special issues.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS

* Research papers should be no more than 6000 words (excluding the abstract, reference list, tables
and figures). Multiple citations for a single point are usually duplicative and authors are urged to
cite the best reference. In exceptional cases the Editor retains discretion to publish papers beyond
this length where the clear and concise expression of the scientific content requires greater length
(e.g., explanation of a new theory or a substantially new method). Authors must contact the Editor
prior to submission in such a case.

* Brief communications are short reports of original research or case reports. They are limited to a
maximum of 1500 words (excluding the abstract, reference list, tables and figures) and have a total
of up to three tables or figures, and no more than 10 references.

* Theoretical or review articles are full-length reviews of, or opinion statements regarding, the
literature in a specific scientific area. They should be no more than 4000 words (excluding the
abstract, reference list, tables and figures) and have no more than 45 references. Multiple citations
for a single point are usually duplicative and authors are urged to cite the best reference. In
exceptional cases the Editor retains discretion to publish papers beyond this length where the clear
and concise expression of the scientific content requires greater length (e.g., explanation of a new
theory or a substantially new method). Authors must contact the Editor prior to submission in such
a case.

* Please refer to the separate guidelines for Registered Reports.

* All systematic reviews must be pre-registered and an anonymous link to the pre-registration must
be provided in the main document, so that it is available to reviewers. Systematic reviews without
pre-registration details will be returned to the authors at submission.

4. PREPARING THE SUBMISSION

Free Format Submission

Journal of Neuropsychology now offers free format submission for a simplified and streamlined submission
process.

Before you submit, you will need:

* Your manuscript: this can be a single file including text, figures, and tables, or separate files —
whichever you prefer. All required sections should be contained in your manuscript, including
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abstract, introduction, methods, results, and conclusions. Figures and tables should have legends.
References may be submitted in any style or format, as long as it is consistent throughout the
manuscript. If the manuscript, figures or tables are difficult for you to read, they will also be difficult
for the editors and reviewers. If your manuscript is difficult to read, the editorial office may send it
back to you for revision.

* The title page of the manuscript, including a data availability statement and your co-author details
with affiliations. (Why is this important? We need to keep all co-authors informed of the outcome of the
peer review process.) You may like to use this template for your title page.

Important: the journal operates a double-anonymous peer review policy. Please anonymise your
manuscript and prepare a separate title page containing author details. (Why is this important? We
need to uphold rigorous ethical standards for the research we consider for publication.)

* An ORCID ID, freely available at https://orcid.org. (Why is this important? Your article, if accepted and
published, will be attached to your ORCID profile. Institutions and funders are increasingly requiring
authors to have ORCID IDs.)

To submit, login at https://wiley.atyponrex.com/journal/JNP and create a new submission. Follow the
submission steps as required and submit the manuscript.

If you are invited to revise your manuscript after peer review, the journal will also request the revised
manuscript to be formatted according to journal requirements as described below.

Revised Manuscript Submission

Contributions must be typed in double spacing. All sheets must be numbered.

Cover letters are not mandatory; however, they may be supplied at the author’s discretion. They should
be pasted into the ‘Comments’ box in Editorial Manager.

Parts of the Manuscript

The manuscript should be submitted in separate files: title page; main text file; figures/tables; supporting
information.

Title Page

You may like to use this template for your title page. The title page should contain:

* Ashort informative title containing the major key words. The title should not contain abbreviations
(see Wiley's best practice SEO tips);

* Ashort running title of less than 40 characters;

¢ The full names of the authors;

* The author's institutional affiliations where the work was conducted, with a footnote for the
author’s present address if different from where the work was conducted;

¢ Abstract;

¢ Keywords;

¢ Data availability statement (see Data Sharing and Data Accessibility Policy);

* Acknowledgments.

Author Contributions

For all articles, the journal mandates the CRediT (Contribution Roles Taxonomy)—more information is
available on our Author Services site.

Abstract

Please provide an abstract which gives a concise statement of the intention, results or conclusions of the
article. The abstract should not include any sub-headings.
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* Abstracts for Research Papers should not exceed 250 words.
e Abstracts for theoretical or review articles should not exceed 250 words.
* Abstracts for brief communications should not exceed 80 words.

Keywords

Please provide appropriate keywords.

Acknowledgments

Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section. Financial and material support should
also be mentioned. Thanks to anonymous reviewers are not appropriate.

Main Text File

As papers are double-anonymous peer reviewed, the main text file should not include any information
that might identify the authors.

Manuscripts can be uploaded either as a single document (containing the main text, tables and figures),
or with figures and tables provided as separate files. Should your manuscript reach revision stage, figures
and tables must be provided as separate files. The main manuscript file can be submitted in Microsoft
Word (.doc or .docx) or LaTex (.tex) format.

If submitting your manuscript file in LaTex format via Research Exchange, select the file designation “Main

Document — LaTeX .tex File” on upload. When submitting a LaTex Main Document, you must also provide
a PDF version of the manuscript for Peer Review. Please upload this file as “Main Document - LaTeX PDF.”
All supporting files that are referred to in the LaTex Main Document should be uploaded as a “LaTeX
Supplementary File.”

LaTex Guidelines for Post-Acceptance:

Please check that you have supplied the following files for typesetting post-acceptance:

PDF of the finalized source manuscript files compiled without any errors.

The LaTeX source code files (text, figure captions, and tables, preferably in a single file), BibTex files
(if used), any associated packages/files along with all other files needed for compiling without any
errors. This is particularly important if authors have used any LaTeX style or class files, bibliography
files (.bbl, .bst. .blg) or packages apart from those used in the NJD LaTex Template class file.
Electronic graphics files for the illustrations in Encapsulated PostScript (EPS), PDFor TIFF format.
Authors are requested not to create figures using LaTeX codes.

Your main document file should include:

A short informative title containing the major key words. The title should not contain abbreviations;
Acknowledgments;

Abstract without any subheadings;

Up to seven keywords;

Main body: formatted as introduction, materials & methods, results, discussion, conclusion;
References;

Tables (each table complete with title and footnotes);

Figure legends: Legends should be supplied as a complete list in the text. Figures should be
uploaded as separate files (see below)

Statement of Contribution.
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Supporting information should be supplied as separate files. Tables and figures can be included at the
end of the main document or attached as separate files but they must be mentioned in the text.

* As papers are double-anonymous peer reviewed, the main text file should not include any
information that might identify the authors. Please do not mention the authors’ names or
affiliations and always refer to any previous work in the third person.

¢ The journal uses British/US spelling; however, authors may submit using either option, as spelling
of accepted papers is converted during the production process.

References

This journal uses APA reference style; as the journal offers Free Format submission, however, this is for
information only and you do not need to format the references in your article. This will instead be taken
care of by the typesetter.

Tables

Tables should be self-contained and complement, not duplicate, information contained in the text. They
should be supplied as editable files, not pasted as images. Legends should be concise but comprehensive
—the table, legend, and footnotes must be understandable without reference to the text. All
abbreviations must be defined in footnotes. Footnote symbols: 1, £, §, ¥, should be used (in that order)
and *, **, *** should be reserved for P-values. Statistical measures such as SD or SEM should be
identified in the headings.

Figures

Although authors are encouraged to send the highest-quality figures possible, for peer-review purposes,
a wide variety of formats, sizes, and resolutions are accepted.

Click here for the basic figure requirements for figures submitted with manuscripts for initial peer review,
as well as the more detailed post-acceptance figure requirements.

Legends should be concise but comprehensive — the figure and its legend must be understandable

without reference to the text. Include definitions of any symbols used and define/explain all abbreviations
and units of measurement.

Supporting Information

Supporting information is information that is not essential to the article, but provides greater depth and
background. It is hosted online and appears without editing or typesetting. It may include tables, figures,
videos, datasets, etc.

Click here for Wiley’s FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are available
via a publicly available data repository, authors should include a reference to the location of the material
within their paper.

General Style Points

For guidelines on editorial style, please consult the APA Publication Manual published by the American
Psychological Association. The following points provide general advice on formatting and style.

e Language: Authors must avoid the use of sexist or any other discriminatory language.

* Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly and
the abbreviation is helpful to the reader. Initially, use the word in full, followed by the abbreviation
in parentheses. Thereafter use the abbreviation only.

¢ Units of measurement: Measurements should be given in Sl or Sl-derived units. Visit the Bureau
International des Poids et Mesures (BIPM) website for more information about Sl units.

» Effect size: In normal circumstances, effect size should be incorporated.
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* Numbers: numbers under 10 are spelt out, except for: measurements with a unit (8mmol/l); age (6
weeks old), or lists with other numbers (11 dogs, 9 cats, 4 gerbils).

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for
submission available here. In particular, we encourage authors to consult Wiley’s best practice tips on
Writing for Search Engine Optimization.

Article Preparation Support: Wiley Editing Services offers expert help with English Language Editing, as
well as translation, manuscript formatting, figure illustration, figure formatting, and graphical abstract
design — so you can submit your manuscript with confidence.

Also, check out our resources for Preparing Your Article for general guidance and the BPS Publish
with Impact infographic for advice on optimizing your article for search engines.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS

Peer Review and Acceptance

Except where otherwise stated, the journal operates a policy of anonymous (double-anonymous) peer
review. Please ensure that any information which may reveal author identity is anonymized in your
submission, such as institutional affiliations, geographical location or references to unpublished research.
We also operate a triage process in which submissions that are out of scope or otherwise inappropriate
will be rejected by the editors without external peer review. Before submitting, please read the terms and
conditions of submission and the declaration of competing interests.

The Journal receives a large volume of papers to review each year, and in order to make the process as
efficient as possible for authors and editors alike, all papers are initially examined by the Editors to
ascertain whether the article is suitable for full peer review. In order to qualify for full review, papers must
meet the following criteria:

- the content of the paper falls within the scope of the Journal

- the methods and/or sample size are appropriate for the questions being addressed

- research with patient populations is appropriately defined

- the word count is within the stated limit for the Journal (i.e. 6000 words)

The Journal of Neuropsychology is committed to a fast and efficient turnaround of papers, aiming to
complete the review process in under two months.
Further information about the process of peer review and production can be found in ‘What happens to

my _paper?’ Appeals are handled according to the procedure recommended by COPE. Wiley's policy on
the confidentiality of the review process is available here.

Research Reporting Guidelines

Accurate and complete reporting enables readers to fully appraise research, replicate it, and use it.
Authors are encouraged to adhere to recognised research reporting standards. The EQUATOR Network
collects more than 370 reporting guidelines for many study types, including for:

* Randomised trials: CONSORT
¢ Systematic reviews: PRISMA
* Interventions: TIDieR

¢ C(linical case reports: CARE

We encourage authors to adhere to the APA Style Journal Article Reporting Standards for:

* Manuscripts that report primary qualitative research
* Manuscripts that report the collection and integration of qualitative and quantitative data
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* Manuscripts that report new data collections regardless of research design

We also encourage authors to refer to and follow guidelines from the FAIRsharing website.
Conflict of Interest

The journal requires that all authors disclose any potential sources of conflict of interest. Any interest or
relationship, financial or otherwise that might be perceived as influencing an author's objectivity is
considered a potential source of conflict of interest. These must be disclosed when directly relevant or
directly related to the work that the authors describe in their manuscript. Potential sources of conflict of
interest include, but are not limited to: patent or stock ownership, membership of a company board of
directors, membership of an advisory board or committee for a company, and consultancy for or receipt
of speaker's fees from a company. The existence of a conflict of interest does not preclude publication. If
the authors have no conflict of interest to declare, they must also state this at submission. It is the
responsibility of the corresponding author to review this policy with all authors and collectively to disclose
with the submission ALL pertinent commercial and other relationships.

Funding

Authors should list all funding sources in the Acknowledgments section. Authors are responsible for the
accuracy of their funder designation. If in doubt, please check the Open Funder Registry for the correct
nomenclature: https://www.crossref.org/services/funder-registry/

Authorship

All listed authors should have contributed to the manuscript substantially and have agreed to the final
submitted version. Authorship is defined by the criteria set out in the APA Publication Manual:

“Individuals should only take authorship credit for work they have actually performed or to which they have
substantially contributed (APA Ethics Code Standard 8.12a, Publication Credit). Authorship encompasses,
therefore, not only those who do the actual writing but also those who have made substantial scientific
contributions to a study. Substantial professional contributions may include formulating the problem or
hypothesis, structuring the experimental design, organizing and conducting the statistical analysis, interpreting
the results, or writing a major portion of the paper. Those who so contribute are listed in the byline.” (p.18)

Data Sharing and Data Accessibility Policy

The Journal of Neuropsychology recognizes the many benefits of archiving data for scientific progress.
Archived data provides an indispensable resource for the scientific community, making possible future
replications and secondary analyses, in addition to the importance of verifying the dependability of
published research findings.

The journal expects that where possible all data supporting the results in papers published are archived
in an appropriate public archive offering open access and guaranteed preservation. The archived data
must allow each result in the published paper to be recreated and the analyses reported in the paper to
be replicated in full to support the conclusions made. Authors are welcome to archive more than this, but
not less.

All papers need to be supported by a data archiving statement and the data set must be cited in the
Methods section. The paper must include a link to the repository in order that the statement can be
published.

It is not necessary to make data publicly available at the point of submission, but an active link must be
included in the final accepted manuscript. For authors who have pre-registered studies, please use the
Registered Report link in the Author Guidelines.

In some cases, despite the authors’ best efforts, some or all data or materials cannot be shared for legal
or ethical reasons, including issues of author consent, third party rights, institutional or national
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regulations or laws, or the nature of data gathered. In such cases, authors must inform the editors at the
time of submission. It is understood that in some cases access will be provided under restrictions to
protect confidential or proprietary information. Editors may grant exceptions to data access requirements
provided authors explain the restrictions on the data set and how they preclude public access, and, if
possible, describe the steps others should follow to gain access to the data.

If the authors cannot or do not intend to make the data publicly available, a statement to this effect, along
with the reasons that the data is not shared, must be included in the manuscript.

Finally, if submitting authors have any questions about the data sharing policy, please access the FAQs for
additional detail.

Open Research initiatives.

Recognizing the importance of research transparency and data sharing to cumulative research, Journal of
Neuroposychology encourages the following Open Research practices.

Sharing of data, materials, research instruments and their accessibility. Journal of Neuroposychology
encourages authors to share the data, materials, research instruments, and other artifacts supporting the
results in their study by archiving them in an appropriate public repository. Qualifying public, open-access
repositories are committed to preserving data, materials, and/or registered analysis plans and keeping
them publicly accessible via the web into perpetuity. Examples include the Open Science Framework (OSF)
and the various Dataverse networks. Hundreds of other qualifying data/materials repositories are listed
at the Registry of Research Data Repositories (http://www.re3data.org). Personal websites and most
departmental websites do not qualify as repositories.

Publication Ethics

Authors are reminded that the Journal of Neuropsychology adheres to the ethics of scientific publication as
detailed in the Ethical principles of psychologists and code of conduct (American Psychological Association,
2010). The Journal generally conforms to the Uniform Requirements for Manuscripts of the International
Committee of Medical Journal Editors (ICJME) and is also a member and subscribes to the principles of the
Committee on Publication Ethics (COPE). Authors must ensure that all research meets these ethical
guidelines and affirm that the research has received permission from a stated Research Ethics Committee
(REC) or Institutional Review Board (IRB), including adherence to the legal requirements of the study
county.

Note this journal uses iThenticate’s CrossCheck software to detect instances of overlapping and similar
text in submitted manuscripts. Read Wiley’s Top 10 Publishing Ethics Tips for Authors here. Wiley’s
Publication Ethics Guidelines can be found here.

ORCID

As part of the journal’s commitment to supporting authors at every step of the publishing process, the
journal requires the submitting author (only) to provide an ORCID iD when submitting a manuscript. This
takes around 2 minutes to complete. Find more information here.

6. AUTHOR LICENSING

WALS + standard CTA/ELA and/or Open Access for hybrid titles

You may choose to publish under the terms of the journal’s standard copyright agreement, or Open
Access under the terms of a Creative Commons License.

Standard re-use and licensing rights vary by journal. Note that certain funders mandate a particular type
of CC license be used. This journal uses the CC-BY/CC-BY-NC/CC-BY-NC-ND Creative Commons License.
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Self-Archiving Definitions and Policies: Note that the journal’s standard copyright agreement allows for
self-archiving of different versions of the article under specific conditions.

BPS members and open access: if the corresponding author of an accepted article is a Graduate or
Chartered member of the BPS, the Society will cover will cover 100% of the APC allowing the article to be
published as open access and freely available.

7. PUBLICATION PROCESS AFTER ACCEPTANCE

Accepted Article Received in Production

When an accepted article is received by Wiley's production team, the corresponding author will receive an
email asking them to login or register with Wiley Author Services. The author will be asked to sign a
publication license at this point.

Proofs

Once the paper is typeset, the author will receive an email notification with full instructions on how to
provide proof corrections.

Please note that the author is responsible for all statements made in their work, including changes made
during the editorial process — authors should check proofs carefully. Note that proofs should be returned
within 48 hours from receipt of first proof.

Early View

The journal offers rapid publication via Wiley's Early View service. Early View (Online Version of Record)
articles are published on Wiley Online Library before inclusion in an issue. Before we can publish an
article, we require a signed license (authors should login or register with Wiley Author Services). Once the
article is published on Early View, no further changes to the article are possible. The Early View article is
fully citable and carries an online publication date and DOI for citations.

8. POST PUBLICATION

Access and Sharing
When the article is published online:

* The author receives an email alert (if requested).

* The link to the published article can be shared through social media.

* The author will have free access to the paper (after accepting the Terms & Conditions of use, they
can view the article).

* For non-open access articles, the corresponding author and co-authors can nominate up to ten
colleagues to receivea publication alert and free online access to the article.

Promoting the Article

To find out how to best promote an article, click here.

Wiley Editing Services offers professional video, design, and writing services to create shareable video
abstracts, infographics, conference posters, lay summaries, and research news stories for your research —
so you can help your research get the attention it deserves.

Measuring the Impact of an Article

Wiley also helps authors measure the impact of their research through specialist partnerships with Kudos
and Altmetric.
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9. EDITORIAL OFFICE CONTACT DETAILS

For help with submissions, please contact: Hannah Wakley, Associate Managing Editor (jnp@wiley.com)
or phone +44 (0) 116 252 9504.

Submit an article

As of February 6, 2023 all new Journal of Neuropsychology manuscripts are submitted through the
Research Exchange platform.

For submissions started prior to February 6, 2023 please visit Editorial Manager to manage or
complete your submission.
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Registered Reports

The Journal of Neuropsychology is proud to accept Registered Reports.
View the guidelines.
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