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Abstract

Background. There is considerable evidence of cognitive impairment post COVID-19, espe-
cially 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) andmental health were conducted in 138 adults
(18–69 years) who had been assessed 6months earlier (T1). Of these, 88 had a confirmed history
of COVID-19 at T1 assessment (≥20 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 theCOVID, relative to the non-COVID group.However, longer response/task
completion times persisted in participants withCOVID-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 6-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.

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 impair-
ments post-acute infection [7]. In a recent review [8], 21–65% of adults with long-COVID
symptoms (≥12 weeks) were found to have some level of cognitive impairment, while another
review [9] reported poor mental health for up to 6 months post a COVID-19 diagnosis. It is
unclear at present whether COVID-19-related cognitive impairment and psychological symp-
toms 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 (≥50 years), showed
persistent cognitive deficits at about 2 years post-infection, especially in individuals who had
experienced the symptoms for ≥12 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
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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 sur-
vivors, compared to non-COVID controls. 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 (6-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 6 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 6-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 hospital-
isation and/or ongoing long-COVID symptoms.

Methods

Participants and design

The sample consists of 138 of 222 adults who had been assessed
6 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 parti-
cipants (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”).

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 admin-
istered via Qualtrics (an online survey tool), taking ˜45 minutes in
total to complete. Additionally, the COVID groups were asked to
detail their COVID-19 diagnosis, acute symptoms at the time of
infection, subjective psychological well-being and cognitive impair-
ment, 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
TheMyCQmobile application tool (approved by theNational 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 RT
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).

Mental health and sleep
The following two self-report scales were used:

The Depression, Anxiety and Stress Scale-21 [24] assessed
depression, anxiety, and stress with corresponding seven-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 con-
sistency for all sub-scales was good-to-excellent (Cronbach’s
a ≥ 0.82) in this sample.

Pittsburgh Sleep Quality Index (PSQI) [25] assessed daytime
dysfunction, use of sleeping medication, sleep disturbances, habit-
ual 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

N = 222 (from Vakani et al., 
2023)

n = 129 COVID, n = 93 non-
COVID

Assessment completed at study 
entry (T1)

N = 151

n = 88 COVID, n = 63 non-
COVID

Follow-up assessment 
completed at six-months (T2)

n = 71 Could not be reached  

n = 41 COVID, n = 3 non-COVID

N = 138

n = 88 COVID, n -
COVID

Included in the six-month 
follow-up analysis (T2)

n = 13 Excluded from analysis 
(non-COVID par�cipants who 
tested posi�ve for COVID-19 
between assessments)

Figure 1. Study flowchart.
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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) × 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 differ-
ences in cognitive and mental health changes of hospitalised versus
non-hospitalised COVID participants, we conducted 3 (GroupHos-

pitalisation: HospitalisedCOVID,Non-hospitalisedCOVID,non-COVID)×2
(Time: T1, T2) repeated-measures ANOVAs; and confirmed any
significantmain 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 sumof all symptom
ratings), we ran a 2 (Hospitalisation: HospitalisedCOVID, Non-

hospitalisedCOVID) × 2 (Time: T1, T2) ANOVAwithHospitalisation
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 a 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 (ηp

2; the proportion of variance associated with a
factor). Finally, 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 par-
ticipants with a history of hospitalisation at T1 also providedT2 data.
There was no age difference [t(206) = 0.36, p = 0.72] between the
groups with both T1 and T2 assessments and only T1 assessment.
Other characteristics were also comparable for these (T1 and T2, T1
only) groups (Supplementary Table S1). COVID participants who
completed both assessments versus those with only T1 assessment
also had comparable demographics, COVID-related symptoms

(Supplementary Tables S1 and S2), as well as cognitive and mental
health characteristics (Supplementary Table S3).

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 S4). HospitalisedCOVID
participants (n = 15) had a higher prevalence of most long-COVID
symptoms (Supplementary Table S2) and were also non-
significantly older compared to Non-hospitalisedCOVID participants
(n = 73) [t(86) = 1.75, p = 0.08] (Supplementary Table S5).

Cognitive function: Changes from T1 to T2

COVID versus non-COVID participants
For processing speed, we observed a significant Group × Time
interaction in intra-individual RT variability [F(1,126) = 3.77,
p = 0.05, ηp

2 = 0.03] (Table 3). Follow-up analysis showed signifi-
cantly 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).

For attention, there was only a main effect of Group in RTs
[F(1,123) = 4.67, p = 0.03, ηp

2 = 0.04], showing slower RTs on both
occasions in the COVID group, relative to the non-COVID group
(Table 3).

For workingmemory, executive function, andmemory 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 GroupHospitalisation

for both average RTs [F(2,125 = 3.71, p = 0.03, ηp
2 = 0.06] and RT

variability [F(2,125 = 3.33, p = 0.04, ηp
2 = 0.05]. Follow-up analysis

of RTs showed significantly larger RTs in the HospitalisedCOVID
group relative to the Non-hospitalisedCOVID group [F(1,77) = 3.87,
p = 0.05, ηp

2 = 0.05; age co-varied: F(1,76) = 3.36, p = 0.07,
ηp

2 = 0.04], as well as the non-COVID group [F(1,60 = 8.44,
p = 0.005, ηp

2 = 0.12; age co-varied: F(1,59 = 6.76, p = 0.01,
ηp

2 = 0.10]. The Non-hospitalisedCOVID and non-COVID groups
did not differ from each other [F(1,113 = 1.24, p = 0.27, ηp

2 = 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,
ηp

2 = 0.01; age co-varied: F(1,59 = 6.83, p = 0.01, ηp
2 = 0.10] but not

the Non-hospitalisedCOVID group [F(1,77) = 2.63, p = 0.11, ηp
2 = 0.03;

age co-varied: F(1,76) = 2.46, p = 0.12, ηp
2 = 0.03] (Table 4). There

was no significant difference between the Non-hospitalisedCOVID and
non-COVID groups [F(1,113 = 1.80, p = 0.18, ηp

2 = 0.02].

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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For attention task RTs, there was a main effect of GroupHospitalisa-
tion [F(2,122 = 7.54, p = 0.001, ηp

2 = 0.11], with larger RTs in the
HospitalisedCOVID group relative to the Non-hospitalisedCOVID group
[F(1,75) = 9.60, p = 0.003, ηp

2 = 0.11; age co-varied: F(1,74) = 10.01,
p=0.002, ηp

2 = 0.12] aswell as the non-COVIDgroup [F(1,58=15.95,
p < 0.001, ηp

2 = 0.22; age co-varied: F(1,57 = 14.23, p < 0.001,
ηp

2 = 0.20]. Therewas no difference between the Non-hospitalisedCOVID
and non-COVID groups [F(1,111 = 1.82, p = 0.18, ηp2 = 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, ηp

2 = 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, ηp

2 = 0.02] (Table 4).
For executive function, there was a main effect of GroupHospita-

lisation in task completion time (ms) [F(2,133 = 3.91, p = 0.02,
ηp

2 = 0.06], explained by longer completion time (across T1 and
T2) in HospitalisedCOVID group relative to both the Non-

hospitalisedCOVID [F(1,85) = 6.72, p = 0.011, ηp
2 = 0.07; age co-var-

ied: F(1,84) = 6.11, p = 0.02, ηp
2 = 0.07] and non-COVID [F

(1,62 = 4.15, p = 0.046, ηp
2 = 0.06; age co-varied: F(1,61 = 2.30,

p = 0.14, ηp
2 = 0.04] groups. There was no difference between

the Non-hospitalisedCOVID and non-COVID groups [F
(1,119 = 0.61, p = 0.69, ηp

2 = 0.001].
For memory tasks, no significant main effects or interactions

were found (Table 4).

Mental health and sleep: Changes from T1 to T2

COVID versus non-COVID participants
There were significant main effects of Group in depression [F
(1,136) = 5.09, p = 0.03, ηp

2 = 0.04], anxiety [F(1,136) = 5.89,
p = 0.02, ηp

2 = 0.04], and overall sleep quality [F(1,136) = 26.49,
p < 0.001, ηp

2 = 0.16]. The COVID group had significantly higher
depression and anxiety and lower sleep quality (PSQI) compared to

Table 2. Comparison of T1 and T2 characteristics for the current sample (N = 138), classified by group

COVID group (n = 88; 14 M, 74 F) Non-COVID group (n = 50; 11 M, 39 F)

T1 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)

Physical health conditions 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%)

Kidney disease 1 (1.1%) 1 (1.1%) 0 (0%) 0 (0%)

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%)

Mental health conditions 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%)

OCD 4 (4.5%) 6 (6.8%) 2 (4.0%) 2 (4.0%)

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) × Time (T1, T2) analysis of variance (ANOVA) on cognitive measures

COVID group (n = 88) Non-COVID group (n = 50) Group (COVID, non-COVID) × Time (T1, T2) ANOVA results

T1: Study entry
T2: 6-month follow-

up T1: Study entry
T2: 6-month follow-

up Group Time Group × Time

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p ηp
2 F df p ηp

2 F df p ηp
2

Processing
speeda

Response
accuracy (%)

95.76 (6.30) 96.71 (4.47) 95.78 (7.60) 96.41 (4.31) 0.03 1,126 0.87 0.0 1.65 1,126 0.20 0.01 0.07 1,126 0.80 0.001

RT (correct
responses, ms)

376.51 (80.83) 367.54 (86.94) 354.71 (79.94) 345.90 (50.58) 2.84 1,126 0.09 0.02 2.29 1,126 0.13 0.02 0.0 1,126 0.99 0.0

RT variability
(SD of RT)

88.54 (40.89) 78.27 (42.53) 70.04 (34.67) 75.24 (29.97) 3.51 1,126 0.06 0.03 0.41 1,126 0.53 0.003 3.77 1,126 0.05 0.03

Attentionb Response
accuracy (%)

95.36 (8.79) 95.02 (9.42) 97.71 (4.48) 95.64 (6.38) 1.55 1,123 0.22 0.01 2.06 1,123 0.15 0.02 1.05 1,123 0.31 0.01

RT (correct
responses, ms)

490.53 (92.15) 494.69 (114.00) 463.52 (92.97) 450.40 (87.67) 4.67 1,123 0.03 0.04 0.35 1,123 0.56 0.003 1.29 1,123 0.26 0.01

Working
memoryc

Response
accuracy (%)

92.44 (8.48) 93.53 (7.03) 92.98 (7.83) 94.31(6.14) 0.33 1,132 0.57 0.002 2.79 1,132 0.10 0.02 0.03 1,132 0.87 0.0

Executive
functiond

Accuracy (%) 94.48 (7.48) 94.32 (9.02) 95.11 (8.50) 92.56 (12.74) 0.19 1,134 0.66 0.001 1.72 1,134 0.19 0.01 1.34 1,134 0.25 0.01

Completion
time (ms)

33692.22 (22321.50) 32263.90 (23740.74) 29556.16 (9761.48) 33450.29 (31759.02) 0.17 1,134 0.68 0.001 0.37 1,134 0.54 0.003 1.74 1,134 0.19 0.01

Memorye Recognition
accuracy (%)

89.95 (9.11) 92.05 (6.38) 92.30 (7.50) 92.56 (6.17) 1.60 1,135 0.21 0.01 2.78 1,135 0.10 0.02 1.71 1,135 0.19 0.01

Abbreviations: ms, milliseconds; RT, reaction time.
Sample size reduced aby 10 (9 COVID, 1 non-COVID), bby 13 (11 COVID, 2 non-COVID), cby 4 (1 COVID, 3 non-COVID), dby 2 (1 COVID, 1 non-COVID), eby 1 (COVID).
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the non-COVID group. Additionally, there was a main effect of
Time for depression [F(1,136) = 4.73, p = 0.03, ηp

2 = 0.03] explained
by lower depression at T2 relative to T1 in both groups (Table 5).
No significant effects (only trends) were found for stress.

The influence of COVID-19-related hospitalisation history
For depression, there was a main effect of GroupHospitalisation

[F(2,134) = 2.99, p = 0.05, ηp
2 = 0.04], with no difference between

the Non-hospitalisedCOVID and HospitalisedCOVID groups
[F(1,86) = 0.19, p = 0.67, ηp

2 = 0.002] but a trend for higher
depression in both Non-hospitalisedCOVID [F(1,121) = 3.99,
p = 0.05, ηp

2 = 0.03; age co-varied: F(1,120) = 4.35, p = 0.04,
ηp

2 = 0.04] andHospitalisedCOVID [F(1,63) = 3.69, p=0.06, ηp
2 = 0.06;

age co-varied: F(1,62) = 3.65, p = 0.06, ηp
2 = 0.06] COVID groups,

relative to the non-COVID group (Table 6). There was also a trend-
level GroupHospitalisation × Time interaction [F(2,134) = 2.67,
p = 0.07, ηp

2 = 0.04], explained by a significant reduction (T1 to
T2) in depression in the Non-hospitalisedCOVID group [t(72) = 3.31,
p = 0.001], but no significant change in the HospitalisedCOVID
[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 GroupHospitalisation

[F(2,134) = 4.13, p = 0.02, ηp
2 = 0.06], with both HospitalisedCOVID

[F(1,63) = 3.93, p = 0.05, ηp
2 = 0.06; age co-varied: F(1,62) = 3.89,

p = 0.05, ηp
2 = 0.06] and Non-hospitalisedCOVID [F(1,121) = 4.85,

p = 0.03, ηp
2 = 0.04; age co-varied: F(1,120) = 6.23, p = 0.01,

ηp
2 = 0.05] groups showing higher anxiety relative to the non-

COVID group (Table 6). No difference was found between the
Non-hospitalisedCOVID and HospitalisedCOVID groups [F(1,86) = 0.12,
p = 0.73, ηp

2 = 0.001].
Finally, there was a main effect of GroupHospitalisation in sleep

quality [F(2,134 = 13.28, p < 0.001, ηp
2 = 0.17], with a lower sleep

quality in both Non-hospitalisedCOVID [F(1,121 = 21.69, p < 0.001,
ηp

2 = 0.15; age co-varied: F(1,120 = 21.05, p < 0.001, ηp
2 = 0.15] and

HospitalisedCOVID [F(1,63 = 18.60, p < 0.001, ηp
2 = 0.23; age co-var-

ied: F(1,62 = 15.29, p < 0.001, ηp
2 = 0.20] groups, relative to the non-

COVID group. The Non-hospitalisedCOVID and HospitalisedCOVID

groups did not differ from each other [F(1,86 = 1.64, p = 0.20,
ηp

2 = 0.02] (Table 6).

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 3), especially in the HospitalisedCOVID
group (Supplementary Table S2).

Total long-COVID symptom load showed amain effect of Time
[F(1,79) = 4.86, p = 0.03, ηp

2 = 0.06) and, importantly, a Hospital-
isation × Time interaction [F(1,79) = 5.18, p = 0.03, ηp

2 = 0.06],
explained by a marked reduction (T1 to T2) in symptom load in
Non-hospitalisedCOVID [t(67) = 5.25, p < 0.001] but not in Hospitalised-

COVID participants [t(13) = 0.49, p = 0.63] (Figure 4). Long-
COVID symptom load did not correlate significantly with the
number of days since diagnosis [r(82) = 0.16, p = 0.15].

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 Non-hospitalisedCOVID
participants (p = 0.003) (Table 7).

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 HospitalisedCOVID (r
values 0.36 to 0.66) relative to Non-hospitalisedCOVID 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 S6).

Study Entry (T1) 6-Month Follow-up (T2) Study Entry (T1) 6-Month Follow-up (T2)

COVID Group Non-COVID Group

M
ea

n
RT

Va
ria

bi
lit

y

Error Bars: SEM 1

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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Table 4. Descriptive statistics and results of the repeated-measures GroupHospitalisation (HospitalisedCOVID, Non-hospitalisedCOVID, non-COVID) × Time (T1, T2) analysis of variance (ANOVA) on cognitive measures

HospitalisedCOVID group
(n = 15)

Non-hospitalisedCOVID group
(n = 73) Group Hospitalisation (HospitalisedCOVID, Non-hospitalisedCOVID, non-COVID) × Time (T1, T2) ANOVA results

T1: Study
entry

T2: 6-month
follow-up

T1: Study
entry

T2: 6-month follow-
up GroupHospitalisation Time GroupHospitalisation × Time

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p ηp
2 F df p ηp

2 F df p ηp
2

Processing
speeda

Response
accuracy (%)

Non-COVID
group
presented in
Table 3

94.99 (9.06) 95.45 (5.50) 95.92 (5.68) 96.96 (4.24) 0.38 2,125 0.68 0.01 0.88 1,125 0.35 0.01 0.07 2,125 0.93 0.001

RT (correct
responses,
ms)

417.46 (94.65) 401.77 (94.16) 368.44 (76.06) 360.80 (84.58) 3.71 2,125 0.03 0.06 2.19 1,125 0.14 0.02 0.08 2,125 0.92 0.001

RT variability
(SD of RT)

99.92 (35.62) 94.77 (35.87) 86.30 (41.73) 75.02 (43.21) 3.33 2,125 0.04 0.05 0.58 1,125 0.45 0.01 1.98 2,125 0.14 0.03

Attentionb Response
accuracy (%)

94.54 (7.03) 92.85 (11.01) 95.51 (9.12) 95.42 (9.15) 1.15 2,122 0.32 0.02 1.48 1,122 0.23 0.01 0.68 2,122 0.51 0.01

RT (correct
responses,
ms)

554.17 (75.13) 576.67 (123.67) 478.78 (90.63) 479.55 (106.36) 7.54 2,122 0.001 0.11 0.13 1,122 0.72 0.001 0.99 2,122 0.38 0.02

Working
memoryc

Response
accuracy (%)

90.94 (7.37) 94.03 (4.22) 92.75 (8.71) 93.43 (7.50) 0.22 2,131 0.81 0.003 3.98 1,131 0.05 0.03 0.58 2,131 0.56 0.01

Executive
functionc

Accuracy (%) 91.36 (11.78) 92.72 (12.54) 95.13 (6.16) 94.66 (8.17) 1.06 2,133 0.35 0.02 0.20 1,133 0.65 0.002 0.83 2,133 0.44 0.01

Completion
time (ms)

44595.93
(34257.70)

47056.93 (44537.02) 31420.61
(18486.50)

29182.01 (15352.91) 3.91 2,133 0.02 0.06 0.33 1,133 0.57 0.002 1.13 2,133 0.33 0.02

Memoryc Recognition
accuracy (%)

88.06 (11.49) 90.63 (6.55) 90.34 (8.58) 92.35 (6.35) 1.42 2,134 0.25 0.02 3.63 1,134 0.06 0.03 0.88 2,134 0.42 0.01

Sample size reduced aby 9 (2 Hospitalised, 7 non-hospitalised), bby 11 (3 Hospitalised, 8 non-hospitalised), cby 1 (non-hospitalised).
Abbreviations: ms, milliseconds; RT, reaction time.

Table 5. Descriptive statistics and results of the repeated-measures Group (COVID, non-COVID) × 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) × Time (T1, T2) ANOVA results

T1: Study entry T2: 6-month follow-up T1: Study entry T2: 6-month follow-up
Group Time Group × Time

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F df p ηp
2 F df p ηp

2 F df p ηp
2

Mental health (DASS-21)

Depression 14.11 (10.50) 11.61 (10.78) 9.36 (9.69) 8.76 (9.84) 5.09 136 0.03 0.04 4.73 136 0.03 0.03 1.78 136 0.19 0.01

Anxiety 10.59 (8.75) 10.41 (9.25) 7.04 (7.56) 7.08 (8.13) 5.89 136 0.02 0.04 0.02 136 0.90 0.0 0.04 136 0.84 0.0

Stress 14.70 (9.26) 12.95 (9.83) 13.28 (10.19) 12.76 (10.15) 0.25 136 0.62 0.002 3.22 136 0.08 0.02 0.95 136 0.33 0.01

Sleep quality (PSQI)

Global scorea 9.95 (3.70) 9.64 (4.00) 6.54 (3.25) 6.76 (3.68) 26.49 136 <0.001 0.16 0.04 136 0.84 0.0 1.19 136 0.28 0.01

DASS-21, The Depression, Anxiety and Stress Scale-21; PSQI, Pittsburgh Sleep Quality Index.
Higher scores indicate higher levels of depression, anxiety and stress. Higher scores indicate poor sleep quality.
aThe Group Effect was present on all PSQI sub-components, indicating poorer sleep quality in the COVID compared to the non-COVID group.
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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 6 months earlier (T1) [18]. The findings
showed: (i) a trend-level improvement (from T1 to T2) in process-
ing 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, particu-
larly 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 execu-
tive 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 variabil-
ity 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 avail-
able). 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 popula-
tion. However, participants who had required COVID-19 hospi-
talisation 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 et al. [11] who observed an improvement towards
normalisation in Montreal Cognitive Assessment 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
6 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 correl-
ated with improved executive function only in non-hospitalised
COVID participants, again suggesting a stronger/faster recovery in
thosewithout a hospitalisation history. However, for themajority of
the sample, regardless of hospitalisation history, various self-Ta
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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 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 hospita-
lised COVID participants on tasks which emphasise speed could

Pr
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Study Entry (T1) Six-Month Follow-up (T2)

Figure 3. 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 6-month follow-up (T2).
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Figure 4. Total long-COVID symptom load in COVID participants, classified by hospitalisation history.
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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 nor-
malisation over a 6-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 impair-
ment. 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.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1192/j.eurpsy.2024.7.

Acknowledgments. The authors would like to thank the participants for their
contribution to this research.

Author contribution. Conceptualisation, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Visualisation; Writing –

original draft: K.V.; Methodology, Resources, Writing – review & editing: M.R.;
Data curation, Resources, Writing – review & editing: A.S-J.; Funding acquisi-
tion, Methodology, Supervision, Writing – review & editing: E.A.; Conceptual-
isation, Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Supervision,Writing – review& editing: V.K.

Financial support. This research was funded by the British Academy
(SRG21\211061).

Competing interest. Martina Ratto was working for Beingwell Group, Shef-
field, United Kingdom at the time of data collection for this study (now at
I.S. Giancardi-Galilei-Aicardi Alassio). No conflicts of interest are reported by
other authors.

References

[1] Bertuccelli M, Ciringione L, Rubega M, Bisiacchi P, Masiero S, Del Felice
A. Cognitive impairment in people with previous COVID-19 infection: a
scoping review. Cortex. 2022;154:212–30. https://doi.org/10.1016/j.cor-
tex.2022.06.002.

[2] Ceban F, Ling S, Lui LMW, Lee Y, Gill H, Teopiz KM, et al. Fatigue and
cognitive impairment in post-COVID-19 syndrome: a systematic review
and meta-analysis. Brain Behav Immun. 2022;101:93–135. https://doi.
org/10.1016/j.bbi.2021.12.020.

[3] Crivelli L, Palmer K, Calandri I, Guekht A, Beghi E, Carroll W, et al.
Changes in cognitive functioning after COVID‐19: a systematic review
and meta‐analysis. Alzheimers Dement 2022;18(5):1047–66. https://doi.
org/10.1002/alz.12644.

[4] Schild AK, Goereci Y, Scharfenberg D, Klein K, Lülling J, Meiberth D, et al.
Multidomain cognitive impairment in non-hospitalized patients with the
post-COVID-19 syndrome: results from a prospectivemonocentric cohort. J
Neurol. 2023;270(3):1215–23. https://doi.org/10.1007/s00415-022-11444-w.

[5] Shanbehzadeh S, Tavahomi M, Zanjari N, Ebrahimi-Takamjani I, Amiri-
Arimi S. Physical and mental health complications post-COVID-19:
scoping review. J Psychosom Res. 2021;147:110525. https://doi.
org/10.1016/j.jpsychores.2021.110525.Ta

b
le

7.
As
so
ci
at
io
ns

(P
ea
rs
on

’s
r)
of

to
ta
l
lo
ng

-C
O
VI
D
sy
m
pt
om

lo
ad

(a
t
T1

an
d
T2

,
an

d
th
e
ch
an

ge
fr
om

T1
to

T2
)
w
it
h
co
gn

it
iv
e
fu
nc
ti
on

an
d
m
en

ta
l
he

al
th

(a
t
T1

an
d
T2

,
an

d
th
e
ch
an

ge
fr
om

T1
to

T2
)

Co
rr
el
at
io
ns

of
to
ta
ll
on

g-
CO

VI
D
sy
m
pt
om

lo
ad

w
it
h
co
gn

it
iv
e
fu
nc
ti
on

,
m
en

ta
lh

ea
lt
h,

an
d
sl
ee
p

Co
rr
el
at
io
ns

be
tw

ee
n
de

cr
ea
se

in
to
ta
ll
on

g-
CO

VI
D
sy
m
pt
om

lo
ad

fr
om

T1
to

T2
a
an

d
im

pr
ov
em

en
t
in

co
gn

it
iv
e
fu
nc
ti
on

an
d
m
en

ta
lh

ea
lt
h

At
T1

At
T2

a
Al
lC

O
VI
D
pa

rt
ic
ip
an

ts
H
os
pi
ta
lis
ed

gr
ou

p
N
on

-H
os
pi
ta
lis
ed

gr
ou

p

r
p

n
r

p
n

r
p

n
r

p
n

r
p

n

P
ro
ce
ss
in
g
sp
ee
d

R
es
po

ns
e
ac
cu
ra
cy

%
�0

.2
1

0.
06

80
�0

.1
0

0.
40

78
0.
06

0.
59

73
0.
26

0.
41

12
0.
00
2

0.
99

61

R
T
co
rr
ec
t
re
sp
on

se
s,
m
s

0.
29

0.
01

80
0.
44

<0
.0
01

78
�0

.1
1

0.
34

73
0.
07

0.
82

12
�0

.1
6

0.
22

61

R
T
va
ri
ab

ili
ty

SD
of

R
T

0.
19

0.
09

80
0.
42

<0
.0
01

78
�0

.0
7

0.
53

73
0.
14

0.
67

12
�0

.1
3

0.
31

61

At
te
nt
io
n

R
es
po

ns
e
ac
cu
ra
cy

%
�0

.2
1

0.
07

80
�0

.3
2

0.
01

77
0.
21

0.
08

71
0.
39

0.
23

11
0.
18

0.
18

60

R
T
co
rr
ec
t
re
sp
on

se
s,
m
s

0.
31

0.
01

80
0.
53

<0
.0
01

77
0.
00

1.
00

71
0.
16

0.
64

11
�0

.0
6

0.
64

60

W
or
ki
ng

m
em

or
y

R
es
po

ns
e
ac
cu
ra
cy

%
�0

.1
7

0.
11

87
�0

.2
3

0.
04

82
�0

.1
1

0.
32

81
0.
01

0.
99

14
�0

.1
2

0.
34

67

Ex
ec
ut
iv
e
fu
nc
ti
on

Ac
cu
ra
cy

%
�0

.2
7

0.
01

88
�0

.2
1

0.
06

81
0.
24

0.
03

81
�0

.0
01

1.
00

14
0.
36

0.
00

3
67

Co
m
pl
et
io
n
ti
m
e,
m
s

0.
31

0.
00

3
88

0.
37

0.
00

1
81

0.
09

0.
41

81
�0

.3
1

0.
29

14
0.
20

0.
11

67

M
em

or
y

R
ec
og

ni
ti
on

ac
cu
ra
cy

%
�0

.3
0

0.
01

87
�0

.4
5

<0
.0
01

81
0.
18

0.
12

81
0.
40

0.
16

14
0.
10

0.
42

67

M
en

ta
lh

ea
lt
h
(D
AS

S-
21
)

D
ep

re
ss
io
n

0.
28

0.
01

88
0.
41

<0
.0
01

82
0.
32

0.
00

3
82

0.
66

0.
01

14
0.
21

0.
08

68

An
xi
et
y

0.
54

<0
.0
01

88
0.
56

<0
.0
01

82
0.
42

<0
.0
01

82
0.
62

0.
02

14
0.
42

<0
.0
01

68

St
re
ss

0.
33

0.
00

2
88

0.
36

0.
00

1
82

0.
30

0.
01

82
0.
50

0.
07

14
0.
20

0.
11

68

Sl
ee
p
qu

al
it
y
(P
SQ

I)
G
lo
ba

ls
co
re

0.
39

<0
.0
01

88
0.
46

<0
.0
01

82
0.
30

0.
01

82
0.
36

0.
20

14
0.
28

0.
02

68

Ab
br
ev
ia
ti
on

s:
m
s,
m
ill
is
ec
on

ds
;R

T,
re
ac
ti
on

ti
m
e.

a
Lo

ng
-C
O
VI
D
da

ta
no

t
av
ai
la
bl
e
fo
r
6
pa

rt
ic
ip
an

ts
(1

ho
sp
it
al
is
ed

,5
no

n-
ho

sp
it
al
is
ed

).

10 Vakani et al.

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

https://doi.org/10.1192/j.eurpsy.2024.7
https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1002/alz.12644
https://doi.org/10.1002/alz.12644
https://doi.org/10.1007/s00415-022-11444-w
https://doi.org/10.1016/j.jpsychores.2021.110525
https://doi.org/10.1016/j.jpsychores.2021.110525
https://doi.org/10.1192/j.eurpsy.2024.7


[6] VanderlindWM, Rabinovitz BB, Miao IY, Oberlin LE, Bueno-Castellano C,
Fridman C, et al. A systematic review of neuropsychological and psychiatric
sequalae of COVID-19: implications for treatment. Curr Opin Psychiatry.
2021;34(4):420–33. https://doi.org/10.1097/YCO.0000000000000713.

[7] Schou TM, Joca S, Wegener G, Bay-Richter C. Psychiatric and neuro-
psychiatric sequelae of COVID-19 – a systematic review. Brain Behav
Immun. 2021;97:328–48. https://doi.org/10.1016/j.bbi.2021.07.018.

[8] Tavares-Júnior JWL, de Souza ACC, Borges JWP, Oliveira DN, Siqueira-
Neto JI, Sobreira-Neto MA, et al. COVID-19 associated cognitive impair-
ment: a systematic review. Cortex. 2022;152:77–97. https://doi.
org/10.1016/j.cortex.2022.04.006.

[9] Groff D, Sun A, Ssentongo AE, BaDM, Parsons N, Poudel GR, et al. Short-
term and long-term rates of post-acute sequelae of SARS-CoV-2 infection:
a systematic review. JAMA Netw Open. 2021;4(10):e2128568. https://doi.
org/10.1001/jamanetworkopen.2021.28568.

[10] Blazhenets G, Schroeter N, Bormann T, Thurow J, Wagner D, Frings L,
et al. Slow but evident recovery fromneocortical dysfunction and cognitive
impairment in a series of chronic COVID-19 patients. J Nucl Med. 2021;
62(7):910–5. https://doi.org/10.2967/jnumed.121.262128.

[11] Del Brutto OH, Rumbea DA, Recalde BY, Mera RM. Cognitive sequelae of
long COVID may not be permanent: a prospective study. Eur J Neurol.
2022;29(4):1218–21. https://doi.org/10.1111/ene.15215.

[12] Larsson IM, Hultström M, Lipcsey M, Frithiof R, Rubertsson S, Wallin E.
Poor long-term recovery after critical COVID-19 during 12 months lon-
gitudinal follow-up. Intens Crit Care Nurs. 2023;74:103311. https://doi.
org/10.1016/j.iccn.2022.103311.

[13] Nersesjan V, Fonsmark L, Christensen RHB, Amiri M, Merie C, Lebech
AM, et al. Neuropsychiatric and cognitive outcomes in patients 6 months
after covid-19 requiring hospitalization compared with matched control
patients hospitalized for non–COVID-19 illness. JAMA Psychiatry. 2022;
79(5):486–97. https://doi.org/10.1001/jamapsychiatry.2022.0284.

[14] Poletti S, Palladini M, Mazza MG, De Lorenzo R, Irene B, Sara B, et al.
Long-term consequences of COVID-19 on cognitive functioning up to
6 months after discharge: role of depression and impact on quality of life.
Eur Arch Psychiatry Clin Neurosci. 2022;272(5):773–82. https://doi.
org/10.1007/s00406-021-01346-9.

[15] Galderisi S, Perrottelli A, Giuliani L, PisaturoMA,Monteleone P, Pagliano
P, et al. Cognitive impairment after recovery from COVID-19: frequency,
profile, and relationships with clinical and laboratory indices. Eur Neu-
ropsychopharmacol. 2023;79:22–31. https://doi.org/10.1016/j.euro-
neuro.2023.11.001.

[16] Houben-Wilke S, Goërtz YM, Delbressine JM, Vaes AW, Meys R,
Machado FV, et al. The impact of long COVID-19 on mental health:
observational 6-month follow-up study. JMIR Ment Health. 2022;9(2):
e33704. https://doi.org/10.2196/33704.

[17] Cheetham NJ, Penfold R, Giunchiglia V, Bowyer V, Sudre CH, Canas LS,
et al. The effects of COVID-19 on cognitive performance in a community-
based cohort: a COVID symptom study biobank prospective cohort study.
eClinicalMedicine. 2023;62:102086. https://doi.org/10.1016/j.eclinm.
2023.102086.

[18] Vakani K, Ratto M, Sandford-James A, Antonova E, Kumari V. COVID-
19 and cognitive function: evidence for increased processing speed vari-
ability in COVID-19 survivors and multifaceted impairment with long-
COVID symptoms. Eur Psychiatry. 2023;66(1:)e43. https://doi.org/
10.1192/j.eurpsy.2023.25.

[19] Latronico N, Peli E, Calza S, Rodella F, Novelli MP, Cella A, et al. Physical,
cognitive and mental health outcomes in 1-year survivors of COVID-19-
associated ARDS. Thorax. 2022;77(3):300–3. https://doi.org/10.1136/
thoraxjnl-2021-218064.

[20] MyCognition. Wellbeing | MyCognition | England [Internet]. What is
MyCognition? [cited 2023 Feb 16]. 2023. https://www.mycognition.com
(accessed 16 February 2023).

[21] Bellens A, Roelant E, Sabbe B, PeetersM, vanDamPA. Evaluation of a new
online cognitive assessment tool in breast cancer survivors with cognitive
impairment: a prospective cohort study. Support Care Cancer. 2022;30(1):
21–31. https://doi.org/10.1007/s00520-021-06397-1.

[22] Domen AC, van de Weijer SCF, Jaspers MW, Denys D, Nieman DH. The
validation of a new online cognitive assessment tool: the MyCognition

quotient. Int J Methods Psychiatr Res. 2019;28(3):e1775. https://doi.
org/10.1002/mpr.1775.

[23] Reeson M, Greenshaw A, Agyapong V, Hnatko G, Pazderka H, Polzin W,
et al. Cognitive improvements in child sexual abuse victims occur follow-
ing multimodal treatment program: as measured by MyCognition quo-
tient. J Child Adolesc Behav. 2019;7(2):386.

[24] Lovibond SH, Lovibond PF. Manual for the depression anxiety stress
scales. 2nd ed. Sydney: Psychology Foundation; 1995, p. 42.

[25] Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pitts-
burgh sleep quality index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193–213. https://doi.
org/10.1016/0165-1781(89)90047-4.

[26] Diana L, Regazzoni R, Sozzi M, Piconi S, Borghesi L, Lazzaroni E, et al.
Monitoring cognitive and psychological alterations in COVID-19 patients:
a longitudinal neuropsychological study. J Neurol Sci. 2023;444:120511.
https://doi.org/10.1016/j.jns.2022.120511.

[27] Ferrucci R, DiniM, Rosci C, Capozza A, Groppo E, ReitanoMR, et al. One-
year cognitive follow-up of COVID-19 hospitalized patients. Eur J Neurol.
2022;29(7):2006–14. https://doi.org/10.1111/ene.15324.

[28] He D, Yuan M, Dang W, Bai L, Yang R, Wang J, et al. Long term neuro-
psychiatric consequences inCOVID-19 survivors: cognitive impairment and
inflammatory underpinnings fifteen months after discharge. Asian J
Psychiatry. 2023;80:103409. https://doi.org/10.1016/j.ajp.2022.103409.

[29] Méndez R, Balanzá‐Martínez V, Luperdi SC, Estrada I, Latorre A, Gonzá-
lez‐Jiménez P, et al. Long‐term neuropsychiatric outcomes in COVID‐19
survivors: a 1‐year longitudinal study. J Intern Med. 2022;291(2):247–51.
https://doi.org/10.1111/joim.13389.

[30] Miskowiak K, Fugledalen L, Jespersen A, Sattler S, Podlekareva D, Rungby
J, et al. Trajectory of cognitive impairments over 1 year after COVID‐19
hospitalisation: pattern, severity, and functional implications. Eur Neu-
ropsychopharmacol. 2022;59:82–92. https://doi.org/10.1016/j.euro-
neuro.2022.04.004.

[31] Ollila H, Pihlaja R, Koskinen S, Tuulio-Henriksson A, Salmela V, Tiainen
M, et al. Long-term cognitive functioning is impaired in ICU-treated
COVID-19 patients: a comprehensive controlled neuropsychological
study. Crit Care. 2022;26(1):223. https://doi.org/10.1186/s13054-022-
04092-z.

[32] Díez-Cirarda M, Yus M, Gómez-Ruiz N, Polidura C, Gil-Martínez L,
Delgado-Alonso C, et al. Multimodal neuroimaging in post-COVID syn-
drome and correlation with cognition. Brain J Neurol. 2023;146(5):2142–
52. https://doi.org/10.1093/brain/awac384.

[33] Quan M, Wang X, Gong M, Wang Q, Li Y, Jia J. Post-COVID cognitive
dysfunction: current status and research recommendations for high risk
population. Lancet Reg Health-West Pac. 2023;38. https://doi.
org/10.1016/j.lanwpc.2023.100836.

[34] Ballouz T, Menges D, Anagnostopoulos A, Domenghino A, Aschmann
HE, Frei A, et al. Recovery and symptom trajectories up to two years after
SARS-CoV-2 infection: population based, longitudinal cohort study. BMJ.
2023;381:e074425. https://doi.org/10.1136/bmj-2022-074425.

[35] Wahlgren C, Forsberg G, Divanoglou A, Östholm Balkhed Å, Niward K,
Berg S, et al. Two-year follow-up of patients with post-COVID-19 condi-
tion in Sweden: a prospective cohort study. Lancet Reg Health – Eur. 2023;
28:100595–5. https://doi.org/10.1016/j.lanepe.2023.100595.

[36] Han Q, Zheng B, Daines L, Sheikh A. Long-term sequelae of COVID-19: a
systematic review and meta-analysis of one-year follow-up studies on
post-COVID symptoms. Pathogens. 2022;11(2):269. https://doi.
org/10.3390/pathogens11020269.

[37] Bessot N, Langeard A, Dosseville F, Quarck G, Freret T. Chronotype
influence on the effects of COVID-19 lockdown on sleep and psycho-
logical status in France. J Sleep Res. 2023;32(4):e13864. https://doi.
org/10.1111/jsr.13864.

[38] Vardar E, Vardar SA, Molla T, Kaynak C, Ersoz E. Psychological symp-
toms and sleep quality in young subjects with different circadian prefer-
ences. Biol Rhythm Res. 2008;39(6):493–500. https://doi.org/10.1080/
09291010701736884.

[39] Nielsen T. Nightmares associated with the eveningness chronotype. J Biol
Rhythm. 2010;25(1):53–62. https://doi.org/10.1177/0748730409351677.

European Psychiatry 11

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

https://doi.org/10.1097/YCO.0000000000000713
https://doi.org/10.1016/j.bbi.2021.07.018
https://doi.org/10.1016/j.cortex.2022.04.006
https://doi.org/10.1016/j.cortex.2022.04.006
https://doi.org/10.1001/jamanetworkopen.2021.28568
https://doi.org/10.1001/jamanetworkopen.2021.28568
https://doi.org/10.2967/jnumed.121.262128
https://doi.org/10.1111/ene.15215
https://doi.org/10.1016/j.iccn.2022.103311
https://doi.org/10.1016/j.iccn.2022.103311
https://doi.org/10.1001/jamapsychiatry.2022.0284
https://doi.org/10.1007/s00406-021-01346-9
https://doi.org/10.1007/s00406-021-01346-9
https://doi.org/10.1016/j.euroneuro.2023.11.001
https://doi.org/10.1016/j.euroneuro.2023.11.001
https://doi.org/10.2196/33704
https://doi.org/10.1016/j.eclinm.2023.102086
https://doi.org/10.1016/j.eclinm.2023.102086
https://doi.org/10.1192/j.eurpsy.2023.25
https://doi.org/10.1192/j.eurpsy.2023.25
https://doi.org/10.1136/thoraxjnl-2021-218064
https://doi.org/10.1136/thoraxjnl-2021-218064
https://www.mycognition.com;
https://doi.org/10.1007/s00520-021-06397-1
https://doi.org/10.1002/mpr.1775
https://doi.org/10.1002/mpr.1775
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/j.jns.2022.120511
https://doi.org/10.1111/ene.15324
https://doi.org/10.1016/j.ajp.2022.103409
https://doi.org/10.1111/joim.13389
https://doi.org/10.1016/j.euroneuro.2022.04.004
https://doi.org/10.1016/j.euroneuro.2022.04.004
https://doi.org/10.1186/s13054-022-04092-z
https://doi.org/10.1186/s13054-022-04092-z
https://doi.org/10.1093/brain/awac384
https://doi.org/10.1016/j.lanwpc.2023.100836
https://doi.org/10.1016/j.lanwpc.2023.100836
https://doi.org/10.1136/bmj-2022-074425
https://doi.org/10.1016/j.lanepe.2023.100595
https://doi.org/10.3390/pathogens11020269
https://doi.org/10.3390/pathogens11020269
https://doi.org/10.1111/jsr.13864
https://doi.org/10.1111/jsr.13864
https://doi.org/10.1080/09291010701736884
https://doi.org/10.1080/09291010701736884
https://doi.org/10.1177/0748730409351677
https://doi.org/10.1192/j.eurpsy.2024.7


[40] LeoneMJ, SigmanM, Golombek DA. Effects of lockdown on human sleep
and chronotype during the COVID-19 pandemic. Curr Biol. 2020;30(16):
R930–1. https://doi.org/10.1016/j.cub.2020.07.015.

[41] Sinha M, Pande B, Sinha R. Impact of Covid-19 lockdown on sleep-wake
schedule and associated lifestyle related behavior: a national survey. J Public
Health Res. 2020;9(3):jphr.2020.1826. https://doi.org/10.4081/jphr.2020.1826.

[42] Wadley VG, Bull TP, Zhang Y, Barba C, Bryan RN, Crowe M, et al.
Cognitive processing speed is strongly related to driving skills, financial

abilities, and other instrumental activities of daily living in persons with
mild cognitive impairment and mild dementia. J Gerontol A Biol Sci Med
Sci. 2020;76(10):1829–38. https://doi.org/10.1093/gerona/glaa312.

[43] Hausswirth C, Schmit C, Rougier Y, Coste A. Positive impacts of a four-
week neuro-meditation program on cognitive function in post-acute
sequelae of COVID-19 patients: a randomized controlled trial. Int J
Environ Res Public Health. 2023;20(2):1361. https://doi.org/10.3390/
ijerph20021361.

12 Vakani et al.

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

https://doi.org/10.1016/j.cub.2020.07.015
https://doi.org/10.4081/jphr.2020.1826
https://doi.org/10.1093/gerona/glaa312
https://doi.org/10.3390/ijerph20021361
https://doi.org/10.3390/ijerph20021361
https://doi.org/10.1192/j.eurpsy.2024.7

	Cognitive and mental health trajectories of COVID-19: Role of hospitalisation and long-COVID symptoms
	Introduction
	Methods
	Participants and design
	Measures and procedures
	Assessments
	Cognitive function
	Mental health and sleep

	Statistical analysis

	Results
	Sample characteristics
	Cognitive function: Changes from T1 to T2
	COVID versus non-COVID participants
	The influence of COVID-19-related hospitalisation history

	Mental health and sleep: Changes from T1 to T2
	COVID versus non-COVID participants
	The influence of COVID-19-related hospitalisation history

	Long-COVID symptoms: Change from T1 to T2 in COVID participants
	Long-COVID symptoms, cognitive indices, and mental health: Inter-relationships

	Discussion
	Conclusions
	Supplementary material
	Acknowledgments
	Author contribution
	Financial support
	Competing interest
	References


