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Abstract
Background: There is considerable evidence of cognitive impairment post COVID-19,
especially in individuals with long-COVID symptoms, but limited research objectively
evaluating whether such impairment attenuates or resolves over time, especially in young

and middle-aged adults.

Methods: Follow-up assessments (T2) of cognitive function (processing speed, attention,
working memory, executive function, memory) and mental health were conducted in 138
adults (18-69 years) who had been assessed six months earlier (T1). Of these, 88 had a
confirmed history of COVID-19 at T1 assessment (220 days post-diagnosis) and were also
followed-up on COVID-19 related symptoms (acute and long-COVID); 50 adults had no known
COVID-19 history at any point up to their T2 assessment.

Results: From T1 to T2, a trend-level improvement occurred in intra-individual variability in
processing speed in the COVID, relative to the non-COVID group. However, longer
response/task completion times persisted in participants with COVID-19 related
hospitalisation relative to those without COVID-19 related hospitalisation and non-COVID
controls. There was a significant reduction in long-COVID symptom load, which correlated
with improved executive function in non-hospitalised COVID-19 participants. The COVID
group continued to self-report poorer mental health, irrespective of hospitalisation history,

relative to non-COVID group.

Conclusions: Although some cognitive improvement has occurred over a six-month period in
young and middle-aged COVID-19 survivors, cognitive impairment persists in those with a
history of COVID-19 related hospitalisation and/or long-COVID symptoms. Continuous follow-
up assessments are required to determine whether cognitive function improves or possibly

worsens, over time in hospitalised and long-COVID participants.

Keywords: cognitive function; COVID-19 trajectory; long-COVID; intra-individual variability;

processing speed.

https://doi.org/10.1192/j.eurpsy.2024.7 Published online by Cambridge University Press


https://doi.org/10.1192/j.eurpsy.2024.7

Accepted manuscript: Authors' Copy

Introduction

Since the start of the coronavirus disease 2019 (COVID-19) pandemic, a vast amount of
literature has acknowledged the psychological issues and cognitive disruption experienced by
survivors [1-6]. Living with COVID-19 has become the new normal, yet there is still
uncertainty around the longer-term effects of COVID-19 on physical and mental well-being,
given marked between-study variability in the proportion of survivors reporting cognitive and
mental health impairments post-acute infection [7]. In a recent review [8], 21%-65% of adults
with long-COVID symptoms (212 weeks) were found to have some level of cognitive
impairment, while another review [9] reported poor mental health for up to six months post
a COVID-19 diagnosis. It is unclear at present whether COVID-19 related cognitive impairment
and psychological symptoms attenuate or resolve over time and, if so, how long after a

COVID-19 diagnosis an improvement can be seen, especially in young and middle-aged adults.

Previous studies have suggested some improvement in cognitive function [10-15] and
psychological well-being [16], especially at longer (= 6 months) follow-ups, but these mostly
examined older adults (mean age >50 years) [10,11,15,16] and focused on severely ill or
hospitalised COVID-19 patients [12—15]. As these groups are likely to need longer to recover
from COVID-19 and its adverse cognitive and mental health impacts, with possible co-
morbidities exacerbating and/or complicating post-COVID recovery, their findings may not
generalise to working-age adults in the general population. A recent study [17] involving a
large sample, though again with an over-representation of middle age adults (250 years),
showed persistent cognitive deficits at about two years post-infection, especially in
individuals who had experienced the symptoms for 212 weeks and/or a severe infection, or
were experiencing ongoing symptoms. Encouragingly, the sub-group of adults who self-
reported a full recovery showed no such deficits [17]. There is clearly a need for further work
to fully characterise the cognitive trajectory of COVID-19 in survivors with varying levels of

symptoms and younger age groups.

In our recent study [18] investigating the impact of COVID-19 on cognitive function and
mental health in a working-age sample (mean age: 38.70+12.08), we had found a limited
cognitive impact of COVID-19 diagnosis, with only intra-individual variability in processing

speed being significantly increased in COVID-19 survivors, compared to non-COVID controls.
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There was, however, multifaceted cognitive impairment in association with long-COVID
symptoms. Mental health and sleep quality were also worse in COVID-19 survivors, relative
to non-COVID controls. Here, with a further assessment (six-month follow-up) of this
previously assessed sample [18], we aimed to examine: (i) the longitudinal impact of COVID-
19 on cognitive function, mental health and sleep, first, on average, and then classified by
COVID-19 related hospitalisation; and (ii) changes in long-COVID symptom load and their
association with cognitive function, mental health and well-being at six months post the initial
assessment. Based on previous findings [10-12,14,16,19], we predicted: (i) a change towards
normalisation of cognitive function, mental health and sleep from study entry (T1) [18] to the
six-month follow-up (T2) assessments, on average, in the COVID group, relative to non-COVID
group, and (ii) persistently impaired cognitive function, mental health and sleep in
participants with a history of COVID-19 related hospitalisation and/or ongoing long-COVID

symptoms.

Methods
Participants and design

The sample consists of 138 of 222 adults who had been assessed six months earlier (T1; March
2021-March 2022) for our previous study investigating the cognitive impact of COVID-19 in
working-age UK adults [18]. Of 222 participants (129 with and 93 without a history of COVID
diagnosis) assessed at T1 [18], 71 (41 COVID, 30 non-COVID) were lost to the follow-up, and
13 non-COVID (at T1) participants were excluded due to them having tested COVID-19
positive between T1 and T2, leaving 138 participants (mean age: 39.72+11.81) for this
investigation (re-assessed at T2; September 2021-October 2022) (see Figure 1). Of these 138
participants (current sample), 88 had a history of COVID-19 diagnosis (14 males, 74 females;
mean days since diagnosis: 459+180.84; range: 163-895) (to be referred to as the ‘COVID
group’) and 50 had no known history of COVID-19 (11 males, 39 females; to be referred to as
the ‘non-COVID group’).

***Figure-1-about-here***
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The study was approved by the College of Health, Medicine and Life Sciences Research Ethics
Committee, Brunel University London (26518-A-Sep/2021-34167-1). All participants provided

informed written consent and received £10 (Amazon voucher) for their time.

Measures and procedures

As described in Vakani et al. [18], data on demographics, mental health and sleep were
collected using self-report measures administered via Qualtrics (an online survey tool), taking
“45 minutes in total to complete. Additionally, the COVID group were asked to detail their
COVID-19 diagnosis, acute symptoms at the time of infection, subjective psychological well-
being and cognitive impairment and chronic long-COVID symptoms at both T1 and T2.
Cognitive data (T1 and T2) were collected using the self-administered MyCognition [20]

(MyCQ) PRO mobile application, taking “15 minutes to complete.

Assessments
Cognitive Function

The MyCQ mobile application tool (approved by the National Health Service in the UK)
assesses processing speed, attention, working memory, executive function, and memory
domains, using digital versions of commonly utilised neuropsychological tests validated
against the Cambridge Neuropsychological Automated Test Battery [21-23]. As described
previously [18], Processing Speed was assessed using a Simple Reaction Time (RT) task,
Attention using a Choice Reaction Time task, Working Memory using the 2-Back task,
Executive Function using the Trail-Making B task, and Memory was assessed using a Visual

Recognition Memory task (for further details, see Table 1).

***Table-1-about-here***

Mental health and sleep

The following two self-report scales were used:

https://doi.org/10.1192/j.eurpsy.2024.7 Published online by Cambridge University Press


https://doi.org/10.1192/j.eurpsy.2024.7

Accepted manuscript: Authors' Copy

The Depression, Anxiety and Stress Scale-21 (DASS-21) [24] assessed depression, anxiety, and
stress with corresponding 7-item sub-scales. Each item is rated by participants on a four-point
scale according to how often in the past week it applied to them. Higher scores indicate higher
levels (severity) of symptoms. Internal consistency for all sub-scales was good-to-excellent

(Cronbach’s a 2 0.82) in this sample.

Pittsburgh Sleep Quality Index (PSQI) [25] assessed daytime dysfunction, use of sleeping
medication, sleep disturbances, habitual sleep efficiency, sleep duration, sleep latency, and
subjective sleep score (scores are derived for component, plus a global score). Participants
respond to the PSQI items by relating them to their past month. Higher scores indicate lower
sleep quality. The PSQI had an acceptable internal consistency (Global score, Cronbach’s

a=0.76) in this sample.

Statistical analysis

We first examined the demographic and other characteristics of study participants who
provided both T1 and T2 data (n=138) versus those with only T1 data (n=84; not included in
any further analysis), out of 222 participants from Vakani et al. [18], to determine if there
were any factors associated with non-volunteering (especially in the COVID group) for T2

assessment.

Next, to examine possible changes from T1 to T2 in the COVID group (n=88), relative to those
in the non-COVID group (n=50), we used a 2 (Group: COVID, non-COVID) x 2 (Time: T1, T2)
repeated-measures analysis of variance (ANOVA), separately for each cognitive variable, with
Group as a between-subjects factor and Time as a within-subjects factor. To examine possible
differences in cognitive and mental health changes of hospitalised versus non-hospitalised
COVID participants, we conducted 3 (GroupHospitalisation. Hospitalisedcqy/|p, Non-hospitalisedcy/|p,
non-COVID) x 2 (Time: T1, T2) repeated-measures ANOVAs; and confirmed any significant
main or interaction effects after co-varying for age, given a trend-level age difference
between hospitalised and non-hospitalised participants (see Results). To examine a change
from T1 to T2 in total long-COVID symptom load (a sum of all symptom ratings), we ran a 2

(Hospitalisation: HospitalisedcQy|p, Non-hospitalisedcoy|D) x 2 (Time: T1, T2) ANOVA with
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Hospitalisation as a between-subjects factor and Time as a within-subjects factor, co-varying
for age. All ANOVAs were initially conducted with Sex entered as another between-subjects
factor but Sex was then removed as there were no main or interactive effects involving Sex,
and the current sample has relatively smaller number of males. Significant main effects and
interactions from ANOVAs were followed up with the analysis of simple main effects and post-
hoc comparisons, as appropriate. Effect sizes, where reported, are partial eta squared (n,%;
the proportion of variance associated with a factor). Lastly, the relationship between changes
(T1 to T2) in total long-COVID symptom load and cognitive function was examined using

Pearson correlations.

All analyses were performed using the Statistical Package for Social Sciences (version 28; IBM,
New York, USA). The data distribution on all variables met the assumptions of parametric
statistical procedures. Alpha level for testing the significance of effects was maintained at

p<0.05.

Results
Sample characteristics

About two-thirds (62%) of the sample with T1 assessments (n=222) [18] provided T2 data
(n=138) (Figure 1). Fifteen (75%) of 20 participants with a history of hospitalisation at T1 also
provided T2 data. There was no age difference [t(206)=0.36, p=0.72] between the groups with
both T1 and T2 assessments and only T1l assessment. Other characteristics were also
comparable for these (T1 & T2, T1 only) groups (Supplementary Table 1). COVID participants
who completed both assessments versus those with only T1 assessment also had comparable
demographics, COVID-related symptoms (Supplementary Tables 1-2), as well as cognitive and

mental health characteristics (Supplementary Table 3).

For the current sample, there was no significant difference in age [t(136)=1.66, p=0.10] or
BMI [t(136)=1.66, p=0.10] between the COVID (n=88) and non-COVID groups (n=50) (Table 2;
for demographics, see Supplementary Table 4). HosritalisedcOyID participants (n=15) had a

higher prevalence of most long-COVID symptoms (Supplementary Table 2) and were also non-
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significantly older compared to Ner-hoseitalisedcOV|D participants (n=73) [t(86)=1.75, p=0.08]

(Supplementary Table 5).

***Table-2-about-here***

Cognitive function: changes from T1 to T2

COVID versus non-COVID participants

For processing speed, we observed a significant Group x Time interaction in intra-individual
RT variability [F(1,126)=3.77, p=0.05, n,*=0.03] (Table 3). Follow-up analysis showed
significantly larger RT variability in the COVID group compared to the non-COVID group at T1
[t(126)=2.63, p=0.01], but not at T2 [t(126)=0.44, p=0.67]. From T1 to T2, there was a trend-
level improvement in the COVID group [t(78)=1.92, p=0.06], with comparable T1 and T2
scores (i.e., no change) in the non-COVID group [t(48)=0.99, p=0.33] (Table 3; Figure 2).

***Table-3-and-Figure-2-about-here***

For attention, there was only a main effect of Group in RTs [F(1,123)=4.67, p=0.03, n,?=0.04],
showing slower RTs on both occasions in the COVID group, relative to the non-COVID group

(Table 3).

For working memory, executive function, and memory tasks, no significant main effects or

interactions were found.

The influence of COVID-19 related hospitalisation history

For processing speed, there were main effects of GroupHositdisation for hoth average RTs
[F(2,125=3.71, p=0.03, n,*=0.06] and RT variability [F(2,125=3.33, p=0.04, n,’=0.05]. Follow-up
analysis of RTs showed significantly larger RTs in the "ospitalisedCcOVID group relative to the Nom
hospitalisedcOVID group [F(1,77)=3.87, p=0.05, n,>=0.05; age co-varied: F(1,76)=3.36, p=0.07,
np>=0.04], as well as the non-COVID group [F(1,60=8.44, p=0.005, n,’=0.12; age co-varied:
F(1,59=6.76, p=0.01, n,*=0.10]. The Nen-hoseitalisedcOVID and non-COVID groups did not differ
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from each other [F(1,113=1.24, p=0.27, n,*=0.01] (Table 4). Follow-up analysis of processing
speed RT variability showed that the HosPitalisedCOVID group had larger RT variability compared
to the non-COVID group [F(1,60=8.62, p=0.005, n,’=0.01; age co-varied: F(1,59=6.83, p=0.01,
np?=0.10] but not the Ner-hospitalisedCcOvID group [F(1,77)=2.63, p=0.11, n,%=0.03; age co-varied:
F(1,76)=2.46, p=0.12, n,*=0.03] (Table 4). There was no significant difference between the N°o™
hospitalisedCOVID and non-COVID groups [F(1,113=1.80, p=0.18, n,*=0.02).

For attention task RTs, there was a main effect of Grouphospitalisation [£(2 122=7.54, p=0.001,
np*=0.11], with larger RTs in the HosPitalisedCQVID group relative to the NenhospitalisedcoyID group
[F(1,75)=9.60, p=0.003, n,%=0.11; age co-varied: F(1,74)=10.01, p=0.002, n,*=0.12] as well as
the non-COVID group [F(1,58=15.95, p<0.001, n,*=0.22; age co-varied: F(1,57=14.23, p<0.001,
np*=0.20]. There was no difference between the NerhospitalisedcQyID and non-COVID groups

[F(1,111=1.82, p=0.18, n,>=0.02] (Table 4).

For working memory (RA, %), there was only a marginally significant main effect of Time
[F(1,131)=3.98, p=0.05, ny*=0.03; higher RA at T2 than T1], which became non-significant after co-
varying for age [F(1,130)=3.09, p=0.08, n,*=0.02] (Table 4).

For executive function, there was a main effect of GroupHosritalisation i t3sk completion time (ms)
[F(2,133=3.91, p=0.02, n,*=0.06], explained by longer completion time (across T1 and T2) in
Hospitalised COVID group relative to both the Ner-hoseitalisedcoy|p [F(1,85)=6.72, p=0.011, n,%=0.07;
age co-varied: F(1,84)=6.11, p=0.02, n,*=0.07] and non-COVID [F(1,62=4.15, p=0.046, n,°=0.06;
age co-varied: F(1,61=2.30, p=0.14, n,*=0.04] groups. There was no difference between the N°™
hospitalisedcQVID and non-COVID groups [F(1,119=0.61, p=0.69, n,?=0.001].

For memory tasks, no significant main effects or interactions were found (Table 4).

***Table-4-about-here***

Mental health and sleep: changes from T1 to T2

COVID versus non-COVID participants
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There were significant main effects of Group in depression [F(1,136)=5.09, p=0.03, n,*=0.04],
anxiety [F(1,136)=5.89, p=0.02, n,*=0.04], and overall sleep quality [F(1,136)=26.49, p<0.001,
np*=0.16]. The COVID group had significantly higher depression and anxiety and lower sleep
quality (PSQl) compared to the non-COVID group. Additionally, there was a main effect of
Time for depression [F(1,136)=4.73, p=0.03, n,*=0.03] explained by lower depression at T2 relative

to T1in both groups (Table 5). No significant effects (only trends) were found for stress.

***Table-5-about-here***

The influence of COVID-19 related hospitalisation history

For depression, there was a main effect of Grouptoseitalisation [F£(2 134)=2.99, p=0.05, n,*=0.04], with
no difference between the NonhospitalisedcQy|p and HoseitalisedcOVID groups [F(1,86)=0.19,
p=0.67, ny,%=0.002] but a trend for higher depression in both Ner-hoseitalisedcoy|p [F(1,121)=3.99,
p=0.05, n,>=0.03; age co-varied: F(1,120)=4.35, p=0.04, n,*=0.04] and MHosritalisedcoy|p
[F(1,63)=3.69, p=0.06, n,*=0.06; age co-varied: F(1,62)=3.65, p=0.06, n,*=0.06] COVID groups,
relative to the non-COVID group (Table 6). There was also a trend-level GroupHospitalisation y
Time interaction [F(2,134)=2.67, p=0.07, ny*=0.04], explained by a significant reduction (T1 to
T2) in depression in the Nenhospitalisedcoy|D group [t(72)=3.31, p=0.001], but no significant
change in the Hospitalisedcoy|D [t(14)=0.68, p=0.51] or non-COVID [t(49)=0.54, p=0.59] groups
(Table 6).

For anxiety, there was a main effect of GroupHosritalisation [F(2 134)=4.13, p=0.02, n,?=0.06], with
both HoseitalisedcOvID [F(1,63)=3.93, p=0.05, n,*=0.06; age co-varied: F(1,62)=3.89, p=0.05,
np*=0.06] and Ner-hoseitalisedcov/|D [F(1,121)=4.85, p=0.03, n,?=0.04; age co-varied: F(1,120)=6.23,
p=0.01, n,’=0.05] groups showing higher anxiety relative to the non-COVID group (Table 6). No
difference was found between the NonhospitalisedcQy|p gnd HoseitalisedCOVID  groups

[F(1,86)=0.12, p=0.73, n,%=0.001].

Lastly, there was a main effect of Grouphospitalisation jn gleep quality [F(2,134=13.28, p<0.001,
np*=0.17], with a lower sleep quality in both Nerhoseitalisedcoy|D [F(1,121=21.69, p<0.001,
np*=0.15; age co-varied: F(1,120=21.05, p<0.001, n,?=0.15] and "osritalisedcovID [F(1,63=18.60,
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p<0.001, n,%=0.23; age co-varied: F(1,62=15.29, p<0.001, n,%=0.20] groups, relative to the non-
COVID group. The Ner-hospitalisedcy|D gnd HospitalisedCOVID groups did not differ from each other
[F(1,86=1.64, p=0.20, n,*=0.02] (Table 6).

***Table-6-about-here***

Long-COVID symptoms: change from T1 to T2 in COVID participants

A similar pattern of self-reported long-COVID symptoms, with exhaustion and mild cognitive
problems being the most prevalent, was seen at T1 and T2 (Figure 3a), especially in the

Hospitalised COV/|ID group (Supplementary Table 2).

Total long-COVID symptom load showed a main effect of Time [F(1,79)=4.86, p=0.03, n,*=0.06)
and, importantly, a Hospitalisation x Time interaction [F(1,79)=5.18, p=0.03, 1n,%=0.06],
explained by a marked reduction (T1 to T2) in symptom load in Ner-hospitalisedcoy/|D [t(67)=5.25,
p<0.001] but not in HoseitalisedCcOVID participants [t(13)=0.49, p=0.63] (Figure 3b). Long-COVID
symptom load did not correlate significantly with the number of days since diagnosis

[r(82)=0.16, p=0.15].

***Figure-3a-b-about-here***

Long-COVID symptoms, cognitive indices and mental health: Inter-relationships

Higher long-COVID symptom load was associated with poorer performance on most cognitive
indices (Table 7). The reduction in symptom load from T1 to T2 correlated significantly with
an improvement in executive function RA (%) when examined across all COVID participants

(p=0.03), and in Nor-hospitalisedcOV/|D participants (p=0.003) (Table 7).

***Table-7-about-here***

Across all participants, the reduction in long-COVID symptom load also correlated with a
reduction in depression (p=0.003), anxiety (p<0.001), stress (p=0.01), and improved sleep

quality (p=0.01); these associations were generally stronger in Hospitalisedcoy|D (r values 0.36
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to 0.66) relative to Nor-hospitalisedcOV/|D participants (r values 0.20 to 0.42) (Table 7). Improved
sleep quality correlated with an improvement in memory (r=0.19, p=0.03); other mental
health/sleep and cognition changes associations, though in the expected direction, were non-

significant (Supplementary Table 6).

Discussion

This investigation focused on charting the cognitive and mental health trajectories of COVID-
19 in a UK adult sample (<69 years) that had been assessed six months earlier (T1) [18]. The
findings showed: (i) a trend-level improvement (from T1 to T2) in processing speed RT
variability but a continued slowing on the attention task (longer RTs) in the COVID, relative to
the non-COVID group; (ii) within the COVID group, poorer cognitive function (processing
speed, attention, executive function) in previously hospitalised, relative to non-hospitalised,
participants on both occasions of testing (T1, T2); (iii) higher depression and anxiety, and
reduced sleep quality in the COVID group, relative to the non-COVID group, at both T1 and
T2, though an improvement in depression was visible in non-hospitalised COVID participants;
(iv) reduced overall long-COVID symptom load at T2 compared to T1, particularly in non-
hospitalised COVID participants (only a non-significant reduction in hospitalised COVID
participants); (v) association between higher long-COVID symptom load and poorer
performance on most cognitive indices; (vi) an association between reduced long-COVID
symptom load and improved executive function at T2, again observed only in non-
hospitalised COVID participants; and (vii) medium-sized associations between reduced long-

COVID symptom load and improved mental health and well-being.

Regarding the impact of COVID-19 on cognitive function, in our previous study involving this
working-age sample [18] the only cognitive variable to show a robust adverse impact of
COVID-19 (regardless of hospitalisation history) was intra-individual variability in processing
speed RTs, with larger RT variability in COVID-19 survivors compared to both non-COVID
controls and their own pre-pandemic level (sub-sample for whom such data were available).
The present investigation, encouragingly, demonstrated a trend towards normalisation (from
T1 to T2) in this measure and thus suggested, on average, only a limited and possibly

reversible adverse cognitive effects of COVID-19 in a working-age population. However,
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participants who had required COVID-19 hospitalisation showed continued cognitive
impairment, a finding which is well documented in the literature, with hospitalisation status
significantly impacting cognitive function and the speed of any possible recovery months after
initial infection and hospitalisation [13,26—31]. Our findings are also consistent with earlier
findings of Del Brutto and colleagues [11] who observed an improvement towards
normalisation in Montreal Cognitive Assessment (MoCA) scores at 18 months post-infection
in older adults (mean age: 62.7 years) who had a history of mild COVID-19 and no
hospitalisation and had shown a significant impairment when assessed earlier at six months
post-infection. Their findings, taken together with ours, suggest cognitive improvement
towards normalisation in COVID-19 survivors, especially without COVID-19 related
hospitalisation, and that this recovery may occur relatively earlier (6-12 months post-COVID-
19) in younger/working-age samples. Hospitalised COVID participants in our and other
samples may show persistent cognitive impairment as a consequence of COVID-19 related

structural and/or functional changes in the brain [32,33], which needs to be explored further.

Regarding total long-COVID symptom load, a significant reduction was observed from T1 to
T2, which significantly correlated with improved executive function only in non-hospitalised
COVID participants, again suggesting a stronger/faster recovery in those without a
hospitalisation history. However, for the majority of the sample, regardless of hospitalisation
history, various self-reported long-COVID symptoms were still present at T2, with sizeable
associations between long-COVID symptom load and cognitive function, in line with previous

findings [34,35].

Mental health and sleep were still impacted at T2 in COVID-19 survivors, irrespective of
hospitalisation history, though depression was lower at T2 than T1 in those without COVID-
19 related hospitalisation. Notably, sleep appeared to be the most impacted. Interestingly,
recent findings show that people with a COVID-19 history are more likely to be a late/evening
chronotype, compared to those with no known history of COVID-19 [36], and late chronotype
itself has been associated with poor quality of sleep [37—-39]. There are also suggestions that
the lockdowns resulted in delayed chronotype due to the altered social schedule, such as,
reduced exposure to sunlight coupled together with longer and later sleeping patterns, which

can all contribute to reduced quality of sleep [37,40,41]. It is possible that those with a history
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of COVID-19 were more impacted by subsequent lockdowns and shifted more towards

eveningness and consequently poor sleep quality.

The strengths of this follow-up study include: (i) the response rate was reasonable with about
two-thirds of the original sample [18] available for this investigation, and (ii) the current
sample was representative of the original sample. Nonetheless, the limitation of relying on
self-report for COVID-19 related information inherent to our earlier study [18] also applies to
this study. Despite this limitation, the findings may have important implications. For example,
consistently poor(er) performance observed in hospitalised COVID participants on tasks which
emphasise speed could negatively impact daily activities such as driving [42] and may present
as a bio-marker for accelerated aging [13]. Given this, frequent follow-ups of COVID-19
survivors, especially those with COVID-19 related hospitalisation and/or long-COVID
symptoms, are needed to assess any potential worsening and/or improvement in cognitive
function over time. Moreover, remedial interventions, such as mindfulness training, may help

reduce cognitive slowing [43] in diverse samples impacted by COVID-19.

Conclusions

The findings of this follow-up study indicate some cognitive normalisation over a six-month
period in young and middle-aged COVID-19 survivors. However, those participants who had
required hospitalisation due to COVID-19, compared to those who did not, continued to
display multifaceted cognitive impairment. Continuous follow-up assessments are required
to determine whether cognitive improvement continues over time in COVID-19 survivors,
particularly in hospitalised/long-COVID participants or whether cognitive function in this sub-

group worsens further unless addressed by suitable interventions.
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Table 1. Cognitive domains, tests, and indices examined through MyCognition’s mobile application.

Cognitive Domains Cognitive Test Cognitive Performance Indices

Processing Speed Simple Reaction Time (RT) RA (% correct), Average RT (ms), RT variability
Attention Choice RT RA (% correct), Average RT (ms)

Working Memory 2-Back RA (% correct)

Executive Function Trail-Making B RA (% correct moves), Total completion time (ms)
Memory Visual Recognition Memory RA (% correct)

Abbreviations: ms, milliseconds; RA, Response Accuracy; RT, Reaction Time.
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Table 2. Comparison of T1 and T2 characteristics for the current sample (N = 138), classified by group.

COVID Group Non-COVID Group
(n=88;14 M, 74 F) (n=50; 11 M, 39 F)
Tl T2 T1 T2
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (Years) 40.47 (10.55) | 40.97 (10.42) | 37.04 (13.71) | 37.52(13.76)
BMI 28.94(9.98) | 30.13(12.26) | 26.58(7.03) | 26.99 (7.00)
n (% of Total) | n(% of Total) | n (% of Total) | n (% of Total)
Cancer 3(3.4%) 3(3.4%) 0 (0%) 0 (0%)
Diabetes 7 (8.0%) 6 (6.8%) 5 (10.0%) 3 (6.0%)
Heart Condition 4 (4.5%) 8(9.1%) 2 (4.0%) 2 (4.0%)
Immunosuppressed 7 (8.0%) 8(9.1%) 0 (0%) 0 (0%)
Physical Health | Kidney Disease 1(1.1%) 1(1.1%) 0 (0%) 0 (0%)
Conditions Liver Disease 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lung Condition 18 (20.5%) 20 (22.7%) 4 (8.0%) 5 (10.0%)
Neurological Condition 5 (5.7%) 10 (11.4%) 0 (0%) 0 (0%)
Obesity 12 (13.6%) 10 (11.4%) 5(10.0%) 3 (6.0%)
Organ Transplantation 1(1.1%) 1(1.1%) 0 (0%) 0 (0%)
Anorexia Nervosa 1(1.1%) 1(1.1%) 1(2.0%) 1(2.0%)
Anxiety 38 (43.2%) 38 (43.2%) 19 (38.0%) 18 (36.0%)
ADHD 3(3.4%) 3 (3.4%) 1(2.0%) 2 (4.0%)
Depression 33 (37.5%) 32 (36.4%) 14 (28.0%) 14 (28.0%)
Eating Disorder(s) 7 (8.0%) 6 (6.8%) 2 (4.0%) 1(2.0%)
Insomnia 21 (23.9%) 24 (27.3%) 5 (10.0%) 6 (12.0%)
Mental Health | OCD 4 (4.5%) 6 (6.8%) 2 (4.0%) 2 (4.0%)
Conditions Panic Disorder 7 (8.0%) 8(9.1%) 5(10.0%) 5 (10.0%)
Personality Disorder 3 (3.4%) 3(3.4%) 1(2.0%) 1(2.0%)
Phobias 6 (6.8%) 9 (10.2%) 6 (12.0%) 3 (6.0%)
PTSD 12 (13.6%) 10 (11.4%) 3 (6.0%) 3 (6.0%)
Psychosis 1(1.1%) 1(1.1%) 1(2.0%) 1(2.0%)
Schizophrenia 0 (0%) 0 (0%) 0 (0%) 1(2.0%)
Other 2 (2.3%) 3 (3.4%) 0 (0%) 1(2.0%)

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; BMI, Body Mass Index; F, Females; M, Males;

OCD, Obsessive Compulsive Disorder; PTSD, Post-Traumatic Stress Disorder.
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Table 3. Descriptive statistics and results of the repeated-measures Group (COVID, non-COVID) x Time (T1, T2) analysis of variance (ANOVA) on cognitive measures.

COVID Group (n=88)

Non-COVID Group (n = 50)

Group (COVID, non-COVID) x Time (T1, T2) ANOVA Results

T1: Study T2: Six-Month T1: Study T2: Six-Month ) )
Group Time Group x Time
Entry Follow-up Entry Follow-up
Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p n? | F ad p n’| F d p n?
gfjfgge(m 95.76 (6.30) 96.71 (4.47) 95.78 (7.60) 9641(431) |003 1,126 087 00 |165 1,126 020 001 |007 1,126 0.80 0.001
0
Processing | RT (correct 376.51(80.83) | 367.54(86.94) | 354.71(79.94) | 34590(50.58) |2.84 1,126 009 002|229 1,126 013 002 | 00 1,126 099 0.0
Speed? responses, ms)
RT variability (SD
of 1) 88.54(40.89) | 7827(4253) | 7004(3467) | 7524(2997) |351 1,126 006 003|041 1126 053 0003|377 1,126 005 003
Response
ccoracy (%4 95.36(8.79) 95.02 (9.42) 97.71 (4.48) 9564(638) |155 1,123 022 001|206 1,123 015 002 |105 1,123 031 001
Attention® RT (correct
responses, ms) | 49053(92.15) | 494.69 (114.00) | 463.52 (92.97) | 450.40 (87.67) | 467 1,123 003 004|035 1,123 056 0003|129 1123 026 001
Working | Response 92.44(8.48) | 93.53(7.03) | 92.98(7.83) | 94.31(6.14) |033 1,132 057 0002|279 1,132 010 002 |003 1,132 087 00
Memory® | accuracy (%)
Erecutive | Acctracy (%) 94.48 (7.48) | 94.32(9.02) | 95.11(8.50) | 92.56(12.74) | 019 1134 066 0001|172 1,134 019 001 |134 1,134 025 001
Function? | Completiontime |  33692.22 32263.90 29556.16 33450.29
ms) (2232150) (2374072) (9751.48) (3175002) |017 1134 068 0001|037 1134 054 0003|174 1,134 019 001
Memory® z:sjéz'\t/'g;) 89.95(9.11) | 92.05(6.38) | 92.30(7.50) | 92.56(6.17) |160 1135 021 001|278 1,135 010 002 [171 1,135 0.19 001
()
Sample size reduced 2 by 10 (9 COVID, 1 non-COVID), ®by 13 (11 COVID, 2 non-COVID), by 4 (1 COVID, 3 non-COVID), by 2 (1 COVID, 1 non-COVID), € by 1 (COVID).
Abbreviations: ms, milliseconds; RT, Reaction Time.
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Table 4. Descriptive statistics and results of the repeated-measures GroupHeseitalisation (Hospialised /| NonhospiaisedC\/ID, non-COVID) x Time (T1, T2) analysis of variance (ANOVA)

on cognitive measures.

HospiaisedCOVID Group Non-hospitaliedCOVID Group Group Hospialisation (HospitaliedCq\/|p, Non-hospitaliedC\/|D, non-COVID) x Time (T1, T2)
(n=15) (n=73) ANOVA Results
T1: Study T2: Six-Month T1: Study T2: Six-Month GroupFevtaiston Time GroupHewison Time
Entry Follow-up Entry Follow-up
Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p | F d p n?| F d p n?
Response o | 9499(906) | 9545(550) | 9592(568) | 96.96(424) |038 2,125 068 001|088 1,125 035 001 |0.07 2,125 093 0.001
accuracy (%) 2
H [©
Processing | RT (correct '~ | 417.46(94.65) | 401.77(94.16) | 368.44(76.06) | 360.80(8458) [3.71 2,125 0.03 006 |2.19 1,125 014 002 |0.08 2,125 092 0.001
Speed? responses, ms) 5
. o Q
'(-\’STD";”:%"'W S | 99.92(3562) | 9477(3587) | 8630(4173) | 7502(4321) |333 2,125 004 005|058 1125 045 001 |198 2,125 014 003
4
o
gf(fg;:i‘,e(ly) o | 9454(703) | 9285(1101) | 9551(912) | 9542(915) |115 2,122 032 002|148 1,122 023 001 |068 2,122 051 001
Attention® > o
RT (correct oy 576.67 479.55
responses ms) | S 17 (75. | . . | 54 2,122 0 111 |0.13 1,122 0.72 0.001(099 2,122 038 0.
1 S5417(7513) | 5oy |47878(90.63)| 0t |754 2122 0001 011 (013 1122 072 0001|099 2122 038 002
H Q
Working | Response S | 90.94(7.37) | 94.03(4.22) | 92.75(8.71) | 93.43(7.50) |0.22 2131 081 0003|398 1,131 0.05 0.03 |058 2,131 056 0.1
Memory® | accuracy (%) >

Eecutive | ACCUrady (%) 91.36 (11.78) | 92.72 (12.54) | 95.13(6.16) | 94.66 (8.17) |1.06 2,133 035 002 |020 1,133 065 0002|083 2,133 044 001
Function® | Completion 44595.93 47056.93 31420.61 29182.01

e (m) Gars770) | (4453702) | (1848650) | (1535201 |39T 2133 002 006033 1,133 057 0002|113 2133 033 002
Memorye | Recognition 88.06 (11.49) | 90.63 (6.55) | 90.34(8.58) | 92.35(6.35) |142 2,134 025 002 |3.63 1,134 006 0.03 [0.88 2,134 042 0.01

accuracy (%)

Sample size reduced by 9 (2 Hospitalised, 7 non-hospitalised), ® by 11 (3 Hospitalised, 8 non-hospitalised), by 1 (non-hospitalised).
Abbreviations: ms, milliseconds; RT, Reaction Time.
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Table 5. Descriptive statistics and results of the repeated-measures Group (COVID, non-COVID) x Time (T1, T2) analysis of variance (ANOVA) on mental health and sleep

measures.

COVID Group (n=88) Non-COVID Group (n=50) Group (COVID, non-COVID) x Time (T1, T2) ANOVA Results

T1: Study T2: Six-Month T1: Study T2: Six-Month Group Time Group xTime
Entry Follow-up Entry Follow-up
Mean (SD) Mean (SD) | Mean (SD) | Mean (SD) F df p no? F df p n? | F df p Ny’
Mental Health (DASS-21)
Depression 14.11 (10.50) 11.61(10.78) 9.36(9.69) 8.76(9.84) 509 136 003 004 | 473 136 003 003|178 136 019 001
Anxiety 10.59 (8.75) 10.41(9.25) 7.04(7.56) 7.08(8.13) 589 136 0.02 004|002 136 090 00 |004 136 084 00
Stress 14.70(9.26) 12.95(9.83) |13.28(10.19) | 12.76(10.15) | 025 136 062 0002|322 136 008 002|095 136 033 001
Sleep Quality (PSQ!)
Global Score” 9.95 (3.70) 9.64 (4.00) 6.54 (3.25) 6.76(3.68) |2649 136 <0.001 0.16 | 004 136 084 00 119 136 028 001
*The Group Effect was present on all PSQI sub-components, indicating poorer sleep quality in the COVID compared to the non-COVID group.
DASS-21: The Depression, Anxiety and Stress Scale-21. Higher scores indicate higher levels of depression, anxiety and stress.
PSQI: Pittsburgh Sleep Quality Index. Higher scores indicate poor sleep quality.
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Table 6. Descriptive statistics (non-COVID group presented in Table 5) and results of the repeated-measures GroupHospitalisation (Hospitaliedcyy/|p, Non-hospitaisedc\/|D, non-COVID) x

Time (T1, T2) analysis of variance (ANOVA) on mental health and sleep measures.

Mental Health (DASS-21)

Depression

Anxiety

Stress

Sleep Quality (PSQ!)

Global Score

Non-COVID group presented in Table 5

HospiaisedCOVID Group Nor-hospitalsedCOV/|D Group Group'oEisaton (Hogpitalised COVID, NorhesiaisedCcOV|D, non-COVID) x Time (T1, T2)
(n=15) (n=73) ANOVA Results
T1: Study T2: Six-Month T1: Study T2:Six-Month Hospitalsztion ) '

Entry Total | Follow-up Total | Entry Total | Follow-up Total Group Time Group xTime

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p n’| F df p n’ | F df p ne’
13.33(7.43) 14.40 (7.38) 14.27 (11.06) 11.04(11.30) | 299 2,134 005 004|137 1,134 024 001|267 2134 007 004
11.60(7.49) 10.80(8.06) 10.38(9.02) 10.33(9.52) | 413 2,134 0.02 006|002 1,134 088 0.0 | 010 2,134 090 0.002
17.20(7.44) 18.27 (8.81) 14.19(9.55) 11.86(9.72) | 2.79 2,134 007 004|190 1,134 017 001|184 2,134 0.16 0.03
10.80 (4.06) 10.93 (3.85) 9.78(3.63) 9.37(4.00) 13.28 2,134 <0.001 0.17| 0.74 1,134 039 001|079 2,134 046 001

DASS-21: The Depression, Anxiety and Stress Scale-21. Higher scores indicate higher levels of depression, anxiety and stress.
PSQl: Pittsburgh Sleep Quality Index. Higher scores indicate poor sleep quality.
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Table 7. Associations (Pearson’s r) of total long-COVID symptom load (at T1 and T2, and the change from T1 to T2) with cognitive function and mental health (at T1 and T2,
and the change from T1 to T2).

Correlations of total long-COVID symptom load with
cognitive function, mental health and sleep

Correlations between decrease in total long-COVID symptom load from T1
to T22and improvement in cognitive function and mental health

AtT1 At T22 All COVID Participants Hospitalised Group Non-Hospitalised Group
r p n r p n r p n r p n r p n
Response accuracy % -0.21 0.06 80 -0.10 0.40 78 0.06 0.59 73 1 0.26 041 12 | 0.002 0.99 61
Processing Speed RT correct responses, ms 0.29 0.01 80 0.44 <0.001 78 | -0.11 0.34 73 | 0.07 0.82 12 | -0.16 0.22 61
RT variability SD of RT 0.19 0.09 80 0.42 <0.001 78 | -0.07 0.53 73 | 0.14 0.67 12 -0.13 0.31 61
Attention Response accuracy % -0.21 0.07 80 -0.32 0.01 77 0.21 0.08 711 039 0.23 11 0.18 0.18 60
RT correct responses, ms 0.31 0.01 80 0.53 <0.001 77 0.00 1.00 71 | 0.16 0.64 11 -0.06 0.64 60
Working Memory Response accuracy % -0.17 0.11 87 -0.23 0.04 82 | -0.11 0.32 81 | 0.01 0.99 14 -0.12 0.34 67
. . Accuracy % -0.27 0.01 88 -0.21 0.06 81 0.24 0.03 81 |-0.001 1.00 14 0.36 0.003 67
Executive Function —
Completion time ms 0.31 0.003 88 0.37 0.001 81 0.09 0.41 81 | -0.31 0.29 14 0.20 0.11 67
Memory Recognition accuracy % -0.30 0.01 87 -0.45 <0.001 81 0.18 0.12 81 | 040 0.16 14 0.10 0.42 67
Depression 0.28 0.01 88 0.41 <0.001 82 0.32 0.003 82 | 0.66 0.01 14 0.21 0.08 68
;\gigtsa_'zqfa'th Anxiety 054 <0.001 88 | 056 <0.001 82 | 042 <0.001 82 | 062 0.02 14 | 042 <0.001 68
Stress 0.33 0.002 88 0.36 0.001 82 0.30 0.01 82 | 0.50 0.07 14 0.20 0.11 68
Sleep Quality (PSQl) | Global Score 0.39 <0.001 88 0.46 <0.001 82 0.30 0.01 82 | 036 0.20 14 0.28 0.02 68
2 Long-COVID data not available for 6 participants (1 hospitalised, 5 non-hospitalised).
Abbreviations: ms, milliseconds; RT, Reaction Time.
27

https://doi.org/10.1192/j.eurpsy.2024.7 Published online by Cambridge University Press


https://doi.org/10.1192/j.eurpsy.2024.7

Accepted manuscript: Authors' Copy

Figure 1. Study flowchart.
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Figure 2. Processing speed reaction time (RT) variability in COVID and non-COVID groups at study
entry (T1) and 6-month follow-up (T2).
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Figure 3. 3a. Prevalence of self-reported chronic COVID-19 (long-COVID) symptoms in the current sample (n=82 of 88 provided data) at study entry (T1) and

the six-month follow-up (T2).

0O Six-Month Follow-up (T2)

M Study Entry (T1)
100%
90%
80%
70%
60%
3
]
< 50%
>
S
a
40%
30%
20%
10%
0%
,&\o(\ é& RS & & &\4 e‘& e Q,b\o S 3
'a\}% c‘>°\ & \s f G oso\ § & (;\\\»‘v QQQ,
& NS & N & & & E& ¥
& @ & o
N & S &
bcPo" <« &
N
N\

< o o
2 RS &
& & &
o &
N
R

https://doi.org/10.1192/j.eurpsy.2024.7 Published online by Cambridge University Press

30


https://doi.org/10.1192/j.eurpsy.2024.7

Accepted manuscript: Authors' Copy

Figure 3. 3b. Total long-COVID symptom load in COVID participants, classified by hospitalisation history.
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Supplementary Table 1. Characteristics of the participants with both T1 and T2 assessments (n = 138; current
sample) and those with only T1 assessments [n = 84 of 222 from Vakani et al. (2023) including 41 COVID and 30

non-COVID participants who did not respond and 13 non-COVID participants who were excluded because of

becoming COVID positive between T1 and T2].

Sample from Vakani et al. (2023)

. . COVID Only G
(N =222; 129 with and 93 without a (n _nlgg)roup
COVID history) -
T1&T2 T1&T2
Grou T1 Only Grou T1 Only
P Group P Group

(n =138, current

(n =88, current

investigation) (n=84) investigation) (n=41)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (Years) 39.72+11.81 37.831£12.45 40.47+10.55 41.63+12.56
n (% of Total) n (% of Total) n (% of Total) n (% of Total)
White British 94 (68.1%) 54 (64.3%) 74 (84.1%) 33 (80.5%)
South Asian 29 (21.0%) 26 (31.0%) 5(5.7%) 8(19.5%)
Ethnicity Other Asian 3(2.2%) 2 (2.4%) 1(1.1%) 0 (0%)
Black British 1(0.7%) 2 (2.4%) 1(1.1%) 0 (0%)
Mixed Race 9 (6.5%) 0 (0%) 6 (6.8%) 0 (0%)
Other 2 (1.4%) 0 (0%) 1(1.1%) 0 (0%)
High School 5(3.6%) 7 (8.3%) 3 (3.4%) 4(9.8%)
College/6th Form 26 (18.8%) 5 (6.0%) 19 (21.6%) 1(2.4%)

. Vocational Qualification 12 (8.7%) 11 (13.1%) 9(10.2%) 7 (17.1%)
Educational . S S S S
Background Bachelor's Degree 45 (32.6%) 38 (45.2%) 28 (31.8%) 22 (53.7%)

Master's Degree 38(27.5%) 19 (22.6%) 21 (23.9%) 5(12.2%)
PhD or Higher 9 (6.5%) 4 (4.8%) 5 (5.7%) 2 (4.9%)
Prefer not to say 3(2.2%) 0 (0%) 3(3.4%) 0(0%)
Employed Full-time 69 (50.0%) 46 (54.8%) 40 (45.5%) 21 (51.2%)
Employed Part-time 27 (19.6%) 11 (13.1%) 19 (21.6%) 7(17.1%)
Student Full-time 13 (9.4%) 6 (7.1%) 7 (8.0%) 2 (4.9%)
Student Part-time 1(0.7%) 2 (2.4%) 0(0%) 1(2.4%)
Employment Unemployed 1(0.7%) 1(1.2%) 1(1.1%) 0 (0%)
Status Retired 2 (1.4%) 2 (2.4%) 1(1.1%) 1(2.4%)
Semi-retired 4(2.9%) 2 (2.4%) 2(2.3%) 1(2.4%)
Homemaker 2(1.4%) 1(1.2%) 2(2.3%) 0 (0%)
Unable to Work 8(5.8%) 6(7.1%) 7 (8.0%) 5(12.2%)
Other 6 (4.3%) 7 (8.3%) 5(5.7%) 3(7.3%)
Prefer not to say 5(3.6%) 0 (0%) 4 (4.5%) 0 (0%)
Cancer 3(2.2.%) 2 (2.4%) 3 (3.4%) 2 (4.9%)
Diabetes 12 (8.7%) 3 (3.6%) 7 (8.0%) 3 (7.3%)
Heart Condition 6 (4.3%) 4 (4.8%) 4 (4.5%) 4(9.8%)
Immunosuppressed 7 (5.1%) 3(3.6%) 7 (8.0%) 1(2.4%)
Physical Health ~ Kidney Disease 1(0.7%) 0 (0%) 1(1.1%) 0(0%)
Conditions Liver Disease 0(0%) 3(3.6%) 0 (0%) 2 (4.9%)
Lung Condition 22 (15.9%) 13 (15.5%) 18 (20.5%) 10 (24.4%)
Neurological Condition 5(3.6%) 3(3.6%) 5(5.7%) 2 (4.9%)
Obesity 17 (12.3%) 8 (9.5%) 12 (13.6%) 6 (14.6%)
Organ Transplantation 1(0.7%) 0 (0%) 1(1.1%) 0 (0%)
Anorexia Nervosa 2 (1.4%) 2 (2.4%) 1(1.1%) 1(2.4%)
Mental Health  Anxiety 57 (41.3%) 38 (45.2%) 38 (43.2%) 18 (43.9%)
Conditions ADHD 4 (2.9%) 2 (2.4%) 3 (3.4%) 0 (0%)
Depression 47 (34.1%) 28 (33.3%) 33 (37.5%) 15 (36.6%)

https://doi.org/10.1192/j.eurpsy.2024.7 Published online by Cambridge University Press

32


https://doi.org/10.1192/j.eurpsy.2024.7

Accepted manuscript: Authors' Copy

Eating Disorder(s) 9 (6.5%) 3(3.6%) 7 (8.0%) 1(2.4%)
Insomnia 26 (18.8%) 16 (19.0%) 21 (23.9%) 8(19.5%)
0oCD 6 (4.3%) 6(7.1%) 4 (4.5%) 3(7.3%)
Panic Disorder 12 (8.7%) 5(6.0%) 7 (8.0%) 3(7.3%)
Personality Disorder 4(2.9%) 1(1.2%) 3(3.4%) 1(2.4%)
Phobias 12 (8.7%) 4 (4.8%) 6 (6.8%) 3(7.3%)
PTSD 15 (10.9%) 9 (10.7%) 12 (13.6%) 6 (14.6%)
Psychosis 2 (1.4%) 3(3.6%) 1(1.1%) 1(2.4%)
Other 2 (1.4%) 1(1.2%) 2(2.3%) 0 (0%)

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; F, Females; M, Males; OCD, Obsessive
Compulsive Disorder; PTSD, Post-Traumatic Stress Disorder.
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Supplementary Table 2. Prevalence of COVID-19 symptoms in the COVID participants with both T1 and T2 assessments (n = 88 of 129 from Vakani et al.; classified by

hospitalisation history) and those with only T1 assessments (n = 41 of 129 from Vakani et al who did not respond at T2).

T1 & T2 Group, Classified by Hospitalisation History

TérgSLy Tl(j(l'?fgg;]p Hospitalised COVID Group Non-hospitalised COVID Group
(n=41) (n=15;3M,12F) (n=73;11M,62F)
T1 T2 T1 T2 T1 T2
n (% of Total) n (% of Total) n (% of Total) n (% of Total) n (% of Total) n (% of Total) n (% of Total)
Hospitalisation due to COVID 5(12.2%) 15 (17.0%) / / / /

Temperature 33 (80.5%) 66 (75.0%) 66 (79.5%) 13 (86.7%) 12 (85.7%) 53 (72.6%) 52 (75.4%)

Acute COVID- Dry Cough 29 (70.7%) 57 (64.8%) 57 (68.7%) 12 (80.0%) 13 (92.9%) 45 (61.6%) 44 (63.8%)
19 Symptoms® Loss of Taste and/or Smell 29 (70.7%) 54 (61.4%) 53 (63.9%) 9 (60.0%) 10 (71.4%) 45 (61.6%) 43 (62.3%)
Other 26 (63.4%) 57 (64.8%) 38 (45.8%) 8 (53.3%) 7 (50.0%) 49 (67.1%) 31 (42.5%)

Abdominal pain 15 (36.6%) 34 (38.6%) 27 (32.9%) 8 (53.3%) 4 (28.6%) 26 (35.6%) 23 (33.8%)

Arrhythmia 21 (51.2%) 51 (58.0%) 42 (51.2%) 11(73.3%) 10 (71.4%) 40 (54.8%) 32 (47.1%)

Body chills 19 (46.3%) 42 (47.7%) 28 (34.1%) 4(26.7%) 5 (35.7%) 38 (52.1%) 23 (33.8%)

Breathing problems 27 (65.9%) 64 (72.7%) 52 (63.4%) 14 (93.3%) 13 (92.9%) 50 (68.5%) 39 (57.4%)

Chest pain 19 (46.3%) 50 (56.8%) 34 (41.5%) 12 (80.0%) 12 (85.7%) 38 (52.1%) 22 (32.4%)

Chilblains 6 (14.6%) 13 (14.8%) 11 (13.4%) 3(20.0%) 3(21.4%) 10 (13.7%) 8 (11.8%)
Confusion/delirium 28 (68.3%) 49 (55.7%) 51 (62.2%) 11 (73.3%) 11 (78.6%) 38 (52.1%) 40 (58.8%)

Diarrhoea 14 (34.1%) 30 (34.1%) 24 (29.3%) 7 (46.7%) 6 (42.9%) 23 (31.5%) 18 (26.5%)

, Dry cough 15 (36.6%) 31(35.2%) 31(37.8%) 6 (40.0%) 9 (64.3%) 25 (34.2%) 16 (23.5%)
ggrv"lr[‘)'_clg Exhaustion/fatigue 34 (82.9%) 80 (90.9%) 67 (81.7%) 15 (100.0%) 13 (92.9%) 65 (89.0%) 54 (79.4%)

Symptoms Hallucinations 9 (22.0%) 10 (11.4%) 8(9.76%) 2 (13.3%) 4 (28.6%) 8 (11.0%) 4 (5.9%)
(Long-COVID)? Headaches 29 (70.7%) 66 (75.0%) 56 (68.3%) 12 (80.0%) 10 (71.4%) 54 (74.0%) 46 (67.6%)
Insomnia 31 (75.6%) 70 (79.5%) 61 (74.4%) 14 (93.3%) 12 (85.7%) 56 (76.7%) 49 (72.1%)

Irritability 28 (68.3%) 66 (75.0%) 57 (69.5%) 14 (93.3%) 13 (92.9%) 52 (71.2%) 44 (64.7%)

Lack of appetite 17 (41.5%) 45 (51.1%) 22 (26.8%) 10 (66.7%) 5(35.7%) 35 (47.9%) 17 (25.0%)

Loss of taste and/or smell 16 (39.0%) 31(35.2%) 22 (26.8%) 7 (46.7%) 5(35.7%) 24 (32.9%) 17 (25.0%)

Mild cognitive problems 34 (82.9%) 73 (83.0%) 68 (82.9%) 14 (93.3%) 13 (92.9%) 59 (80.8%) 55 (80.9%)

Muscle/body ache 29 (70.7%) 68 (77.3%) 59 (72.0%) 12 (80.0%) 12 (85.7%) 56 (76.7%) 47 (69.1%)

Sore eyes/conjunctivitis 18 (43.9%) 41 (46.6%) 27 (32.9%) 6 (40.0%) 7 (50.0%) 35 (47.9%) 20 (29.4%)

Sore throat 13 (31.7%) 34 (38.6%) 35 (42.7%) 8 (53.3%) 10 (71.4%) 26 (35.6%) 25 (36.8%)

Temperature 10 (24.4%) 26 (29.5%) 18 (22.0%) 3(20.0%) 4 (28.6%) 23 (31.5%) 14 (20.6%)
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Vomiting/nausea 10 (24.4%) 24 (27.3%) 20 (24.4%) 6 (40.0%) 5 (35.7%) 18 (24.7%) 15 (22.1%)
Other 8(19.5%) 21(23.9%) 18 (22.0%) 4 (26.7%) 3(21.4%) 17 (23.3%) 15 (22.1%)
Subjective Cognitive Function Impairment? 32 (78.0%) 69 (78.4%) 66 (79.5%) 14 (93.3%) 13 (86.7%) 55 (75.3%) 53 (72.6%)
Subjective Reduced Psychological Well-being?| 30 (73.2%) 70 (79.5%) 58 (69.9%) 14 (93.3%) 12 (80.0%) 56 (76.7%) 46 (63.0%)

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; F, Females; M, Males; OCD, Obsessive Compulsive Disorder; PTSD, Post-Traumatic Stress Disorder.
2 Data not available for 5 participants at T2 (1 hospitalised, 4 non-hospitalised); ® Data not available for 6 participants at T2 (1 hospitalised, 5 non-hospitalised).
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Measures

COVID Group

Non-COVID Group

T1 & T2 Group T1 Only Group T1 & T2 Group T1 Only Group
(n=288) (n=41) (n=50) (n=43)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Cognitive Function

Processing Speed

Response accuracy (%)

95.82 (6.27)°

95.39 (8.56) ¢

95.78 (7.60) ©

97.46 (4.09) ®

RT (correct responses, ms)

375.89 (80.51) ®

377.97 (84.60) ©

354.71(79.64)®

353.29 (66.22) °

RT variability (SD of RT)

88.23 (40.73)°

83.54 (44.27) ¢

70.04 (34.67) "

74.36 (41.72)®

Attention

Response accuracy (%)

95.50 (8.65) ®

94.24 (8.48) ¢

97.71 (4.48) ¢

97.85(4.91) ¢

RT (correct responses, ms)

494.45 (94.54) @

536.14 (93.67) ¢

463.52 (92.97) ¢

475.73 (103.53) ©

Working Memory Response accuracy (%) 92.44 (8.48) ° 91.05 (8.25) ® 92.96 (7.75) 95.58 (4.64) °
. . Accuracy (%) 94.54 (7.46) 95.27 (6.74) 95.20 (8.44) 94.62 (8.81) ©

Executive Function - -

Completion time (ms) 33626.11 (22201.51) 32239.37 (10144.19) 29598.04 (9665.89) 30630.08 (15341.01) ©
Memory Recognition accuracy (%) 89.95(9.11) ® 88.29(7.20) ® 92.30(7.50) 90.44 (8.97)
Mental Health and Well-being

Depression 14.11 (10.50) 15.17 (10.58) 9.36 (9.69) 11.86 (12.15)
Mental Health (DASS-21) | Anxiety 10.59 (8.75) 10.20(8.27) 7.04 (7.56) 7.26 (8.53)

Stress 14.70 (9.26) 14.10(10.01) 13.28 (10.19) 12.93 (10.45)
Sleep Quality (PSQI) Global Score 9.95 (3.70) 9.80 (3.51) 6.54 (3.25) 7.53 (4.33)

Sample size reduced ?by 8; ®by 1; by 2; by 5; ¢by 3.
Abbreviations: ms, milliseconds; RT, Reaction Time.
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Supplementary Table 4. Demographic characteristics of the current sample (N = 138).

COVID Group

(n=88;14 M, 74 F)

Non-COVID Group
(n=50;11M,39F)

n (% of Total)

n (% of Total)

White British 74 (84.2%) 20 (40.0%)
South Asian 6 (6.8%) 24 (48.0%)
Ethnicity Other Asian 1(1.1%) 3(6.0%)
Black British 0 (0%) 0 (0%)
Mixed Race 5(5.7%) 3(6.0%)
Other 2(2.3%) 0 (0%)
High School 4 (4.5%) 1(2.0%)
College/6th Form 15 (17.0%) 8 (16.0%)
Vocational Qualification 10 (11.4%) 1(2.0%)
Educational Bachelor's Degree 29 (33.0%) 20 (40.0%)
Background Master's Degree 21 (23.9%) 15 (30.0%)

PhD or Higher 5 (5.7%) 4 (8.0%)
No Education 0 (0%) 1(2.0%)
Prefer not to say 4 (4.5%) 0 (0%)
Employed Full-time 40 (45.5%) 30 (60.0%)
Employed Part-time 18 (20.5%) 9 (18.0%)
Student Full-time 4 (4.5%) 5(10.0%)
Student Part-time 1(1.1%) 1(2.0%)
Employment Unemployed 1(1.1%) 0 (0%)
Status Retired 1(1.1%) 2 (4.0%)
Semi-retired 1(1.1%) 0 (0%)
Homemaker 1(1.1%) 0 (0%)
Unable to Work 12 (13.6%) 1(2.0%)
Other 7 (8.0%) 2 (4.0%)
Prefer not to say 2 (2.3%) 0 (0%)

Abbreviations: F, Females; M, Males.
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Supplementary Table 5. T1 characteristics of COVID group participants, classified by hospitalisation history,
separately for participants with both T1 and T2 assessments (current sample) or only T1 assessment.

T1 and T2 COVID group T1 only COVID Group
(n=288) (n=41)
Hospitalised Non-hospitalised Hospitalised Non-hospitalised
(n=15;3M,12F) |(n=73;11 M,62F)| (n=51M,4F) |(n=36;8M,28F)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (Years) 45.20+10.53 40.10+10.26 42.60+15.13 41.50+12.41
n (% of Total) n (% of Total) n (% of Total) n (% of Total)
White British 14 (93.3%) 60 (82.2%) 5(100.0%) 28 (77.8%)
South Asian 0 (0%) 5(6.8%) 0 (0%) 8(22.2%)
Ethnicity Other Asian 0 (0%) 1(1.4%) 0 (0%) 0 (0%)
Black British 0 (0%) 1(1.4%) 0 (0%) 0 (0%)
Mixed Race 1(6.7%) 5 (6.8%) 0 (0%) 0 (0%)
Other 0 (0%) 1(1.4%) 0 (0%) 0 (0%)
High School 1(6.7%) 2 (2.7%) 2 (40.0%) 2 (5.6%)
College/6th Form 2 (13.3%) 17 (23.3%) 0 (0%) 1(2.8%)
Vocational Qualification 4 (26.7%) 5(6.8%) 1(20.0%) 6 (16.7%)
Educational ~ Bachelor's Degree 5(33.3%) 23 (31.5%) 2 (40.0%) 20 (55.6%)
Background  Master's Degree 3(20.0%) 18 (24.7%) 0(0%) 5(13.9%)
PhD or Higher 0 (0%) 5 (6.8%) 0 (0%) 2 (5.6%)
No Education 0(0%) 0 (0%) 0 (0%) 0 (0%)
Prefer not to say 0(0%) 3(4.1%) 0 (0%) 0 (0%)
Employed Full-time 6 (40.0%) 34 (46.6%) 3 (60.0%) 18 (50.0%)
Employed Part-time 6 (40.0%) 13 (17.8%) 1 (20.0%) 6 (16.7%)
Student Full-time 1(6.7%) 6 (8.2%) 0 (0%) 2 (5.6%)
Student Part-time 0 (0%) 0 (0%) 0 (0%) 1(2.8%)
Employment Unemployed 0 (0%) 1(1.4%) 0(0%) 0 (0%)
Status Retired 0 (0%) 1(1.4%) 0 (0%) 1(2.8%)
Semi-retired 0 (0%) 2(2.7%) 0(0%) 1(2.8%)
Homemaker 1(6.7%) 1(1.4%) 0(0%) 0 (0%)
Unable to Work 1(6.7%) 6 (8.2%) 1(20.0%) 4(11.1%)
Other 0 (0%) 5 (6.8%) 0 (0%) 3(8.3%)
Prefer not to say 0 (0%) 4 (5.5%) 0(0%) 0 (0%)
Cancer 0 (0%) 3 (4.1%) 0 (0%) 2 (5.6%)
Diabetes 1(6.7%) 6 (8.2%) 1(20.0%) 2 (5.6%)
Heart Condition 1(6.7%) 3(4.1%) 1(20.0%) 3(8.3%)
Physical Immunosuppressed 2(13.3%) 5 (6.8%) 0 (0%) 1(2.8%)
Health Kidney Disease 0(0%) 1(1.4%) 0 (0%) 0 (0%)
Conditions Liver Disease 0(0%) 0 (0%) 1(20.0%) 1(2.8%)
Lung Condition 6 (40.0%) 12 (16.4%) 2 (40.0%) 8(22.2%)
Neurological Condition 2 (13.3%) 3(4.1%) 0 (0%) 2 (5.6%)
Obesity 1(6.7%) 11 (15.1%) 2 (40.0%) 4(11.1%)
Organ Transplantation 0 (0%) 1(1.4%) 0 (0%) 0 (0%)
Anorexia Nervosa 1(6.7%) 0 (0%) 0(0%) 1(2.8%)
Anxiety 5(33.3%) 33 (45.2%) 1(20.0%) 17 (47.2%)
ADHD 0 (0%) 3(4.1%) 0 (0%) 0 (0%)
Mental Health Depression 5(33.3%) 28 (38.4%) 1 (20.0%) 14 (38.9%)
Conditions Eating Disorder(s) 1(6.7%) 6 (8.2%) 0 (0%) 1(2.8%)
Insomnia 3 (20.0%) 18 (24.7%) 0 (0%) 8(22.2%)
0CD 1(6.7%) 3 (4.1%) 0 (0%) 3(8.3%)
Panic Disorder 0 (0%) 7 (9.6%) 0 (0%) 3(8.3%)
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Personality Disorder 1(6.7%) 2(2.7%) 0 (0%) 1(2.8%)
Phobias 1(6.7%) 5 (6.8%) 0 (0%) 3(8.3%)
PTSD 2(13.3%) 10 (13.7%) 1(20.0%) 5(13.9%)
Psychosis 0 (0%) 1(1.4%) 0 (0%) 1(2.8%)
Other 0 (0%) 2(2.7%) 0(0%) 0 (0%)

Abbreviations: F, Females; M, Males.
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Supplementary Table 6. Associations (Pearson’s r) between the changes in cognitive function and mental health measures.

Processing Speed Attention Working Memory Executive Function Memory
(n=128) (n=125) (n=134) (n=136) (n=137)
Response RT correct RT variability | Response accuracy RT correct Accuracy (%) Response Completion time Recognition
accuracy (%) responses (ms) (SD of RT) (%) responses (ms) accuracy (%) (ms) accuracy (%)
rp) rp) rp) rp) rp) r(p) rp) rp) rp)
Mental Health (DASS-21)
Depression 0.11(0.20) -0.02 (0.87) 0.06 (0.50) 0.004 (0.97) -0.17 (0.07) 0.07 (0.45) 0.11(0.22) 0.04 (0.66) 0.03(0.72)
Anxiety 0.08 (0.40) -0.06 (0.51) -0.01 (0.94) 0.14(0.12) -0.03 (0.77) 0.06 (0.53) 0.12(0.18) -0.11(0.21) 0.12 (0.18)
Stress -0.01 (0.94) -0.04 (0.70) -0.04 (0.69) 0.11(0.21) -0.04 (0.63) 0.05 (0.56) 0.10(0.23) -0.02 (0.79) -0.02 (0.81)
Sleep Quality (PSQl)
Global Score | 003(070) | -0.02(0.87) -002(0.83) | 0.01(0.90) 003(0.78) | -008(039) | -001(093) | -002(081) | 0.19(0.03)
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