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Background Preliminary evidence has highlighted a possible association between severe COVID-19 and persistent
cognitive deficits. Further research is required to confirm this association, determine whether cognitive deficits relate
to clinical features from the acute phase or to mental health status at the point of assessment, and quantify rate of
recovery.

Methods 46 individuals who received critical care for COVID-19 at Addenbrooke’s hospital between 10th March
2020 and 31st July 2020 (16 mechanically ventilated) underwent detailed computerised cognitive assessment along-
side scales measuring anxiety, depression and post-traumatic stress disorder under supervised conditions at a mean
follow up of 6.0 (§ 2.1) months following acute illness. Patient and matched control (N = 460) performances were
transformed into standard deviation from expected scores, accounting for age and demographic factors using
N = 66,008 normative datasets. Global accuracy and response time composites were calculated (G_SScore &
G_RT). Linear modelling predicted composite score deficits from acute severity, mental-health status at assessment,
and time from hospital admission. The pattern of deficits across tasks was qualitatively compared with normal age-
related decline, and early-stage dementia.

Findings COVID-19 survivors were less accurate (G_SScore=-0.53SDs) and slower (G_RT=+0.89SDs) in their
responses than expected compared to their matched controls. Acute illness, but not chronic mental health, signifi-
cantly predicted cognitive deviation from expected scores (G_SScore (p=0.0037) and G_RT (p = 0.0366)). The most
prominent task associations with COVID-19 were for higher cognition and processing speed, which was qualitatively
distinct from the profiles of normal ageing and dementia and similar in magnitude to the effects of ageing between
50 and 70 years of age. A trend towards reduced deficits with time from illness (r»=0.15) did not reach statistical
significance.
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Interpretation Cognitive deficits after severe COVID-19 relate most strongly to acute illness severity, persist long
into the chronic phase, and recover slowly if at all, with a characteristic profile highlighting higher cognitive func-
tions and processing speed.
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Research in context

Evidence before this study

A PubMed search for articles using the terms ‘COVID-
190 , ‘chronic’ and ‘cognitive impairment’ returns 85
results between 2020 and 2022, reflecting growing con-
cern that people may suffer persistent cognitive prob-
lems after SARS-CoV-2 infection. However, most of
these studies have built on either subjective report of
cognitive problems or brief pen-and paper assessment
scales that lack sensitivity to mild deficits and precision
regarding affected cognitive domains.

Added value of this study

Using precision computerised cognitive assessment
tools, we observed that 46 COVID-19 patients matched
for age, gender, education and first language, 6−10
months after admission for care at Addenbrookes hospi-
tal perform less well than controls in terms of cognition.
Critically, the scale of their cognitive deficits correlated
with acute illness severity as recorded during the hospi-
tal stay, but not fatigue or mental health status at the
time of cognitive assessment.

Implications of all the available evidence

These results suggest that the patients who have recov-
ered from severe COVID-19 may need longer term sup-
port for cognitive deficits that persist into the chronic
phase. More research is required to understand the
basis of these deficits. Future work will be focused on
mapping these cognitive deficits to underlying neural
pathologies and inflammatory biomarkers, and to longi-
tudinally track recovery into the chronic phase.
Introduction
There is growing evidence that COVID-19 can cause
lasting cognitive and mental health problems. Recov-
ered patients reporting psychological symptoms includ-
ing fatigue, cognitive difficulties (“brain fog” and
“problems finding the words”), sleep disturbances
breathlessness and psychiatric disorders months after
infection.1 In the UK alone, 13.7% of 20,000 individuals
reported having symptoms inclusive of cognitive diffi-
culties 12 weeks after a positive COVID-19 test (UK
Office for National Statistics, April 2021). Mild cases
can report persistent cognitive symptoms; however,
prevalence is higher in severe cases,2 with »33−76% of
patients suffering cognitive symptoms 3−6 months
post hospitalisation.3,4

The neurobiological and psychological bases of
these deficits remain unclear. Imaging biomarker
studies indicate multiple likely candidates. Indeed,
drawing parallels with serious acute respiratory syn-
drome (SARS), middle eastern respiratory syndrome
(MERS) and post-critical illness/intensive care syn-
drome, a range of neurological/ central nervous sys-
tem (CNS) complications can arise from infection.5,6

Most notably, encephalitis, ischaemia, haemorrhage,
microstructural and functional changes and cerebro-
vascular disease (CVD) have been observed in
COVID-19 patients, and more recently, evidence of
brainstem inflammation using 7 Tesla magnetic res-
onance imaging (MRI) has been reported.7 There
has been concern regarding whether cognitive defi-
cits will remain for years as a chronic syndrome, and
whether patients who develop CVD as a result of
infection will experience neurodegeneration and
dementia in the long-term,7−9 despite recovery of
other acute and sub-acute symptoms.10
www.thelancet.com Vol 47 Month May, 2022

http://creativecommons.org/licenses/by/4.0/


Articles
Key limitations for much of this early work include a
reliance on self-report as opposed to objective assess-
ment of cognitive deficits, the application of neuropsy-
chological scales that lack sensitivity to detect subtle
deficits in the formerly unimpaired or precision to dif-
ferentiate deficits across cognitive domains, and uncer-
tainty regarding longevity of deficits. Furthermore,
depression, anxiety, fatigue and post-traumatic stress
are elevated post COVID-19 illness,11 which might
mediate the association with cognitive sequelae.

Recently, we provided preliminary results addressing
some of these limitations. Specifically, we used compu-
terised cognitive assessment technology,12,13 which has
superior sensitivity and precision to gold-standard neu-
ropsychological scales,14 to investigate objectively mea-
surable deficits across multiple cognitive domains in a
large online cohort15,16 that incidentally included people
who reported infection with COVID-19 of varying sever-
ity.17 Higher cognitive functions such as spatial plan-
ning and analogical reasoning appeared to be
disproportionately impaired, especially in hospitalised
patients. However, our earlier analyses lacked clinical-
record corroboration of self-reported illness severity or
hospital treatment. Furthermore, participants primarily
were in the early chronic phase »2−3 months post ill-
ness, which limited insight into the longevity of deficits.

Here, we use the same technology to assess patients
at timepoints ranging from between »1 and 10 months
post admission to hospital for severe COVID-19. We
sought to determine whether (i) the finding of higher
cognitive deficits after COVID-19 infection can be repli-
cated in a hospital confirmed cohort, (ii) the cognitive
deficits relate to features of acute illness vs. mood,
anxiety, tiredness or post-traumatic stress disorder
(PTSD) at the point of assessment, (iii) the deficits
negatively correlate with time since illness and (iv)
the scale and profile of deficits is qualitatively com-
parable to that observed in normal age-related
decline or dementia.
Methods

Data collection
All patients admitted to Addenbrookes Hospital with
COVID-19 between 10th March 2020 and 31st July
2020, who survived and consented to take part were eli-
gible for this cohort study. This comprised 489 patients,
of whom 49 were consented to the NIHR COVID-19
BioResource to participate in the study and were admin-
istered the follow up battery. The study was approved by
the Cambridge Central Research Ethics Committee (17/
EE/0025 0025 & IRAS ID: 220277). Of these, 46
patients (27 females, 19 males, age mean=51 years stan-
dard deviation (SD)=14 years, range 28−83 years) com-
pleted the study protocol adequately to allow analysis
(Tables S1−3). Based on the effect size observed in our
www.thelancet.com Vol 47 Month May, 2022
previous citizen science dataset,17 where people were
assessed using the same technology, expected effect
size for critically ill hospitalised patients would be >0.5
standard deviations. At n-46, power was sufficient to
detect with one-tailed alpha at p < 0.05 a 0.5SD effect
size difference as gauged by DfE scores from the linear
model at 96% relative to zero and at 94% relative to the
matched control group. There was statistical power of
95% to detect medium strength correlations of r = 0.50
at two tailed alpha p < 0.05. Participants completed a
custom computerised cognitive assessment battery
under supervised conditions via the Cognitron
platform,17,18 comprising 8 tasks deployed on an iPad
(Supplemental Methods), as well as standard mood,
anxiety and post-traumatic stress scales, specifically, the
Generalized Anxiety Disorder 7 (GAD-7),19 the Patient
Health Questionnaire 9 (PHQ-9)20,21 and the PTSD
Checklist for Diagnostic and Statistical Manual of Men-
tal Disorders 5 (PCL-5)22 in a return visit to the hospital
on average 179 days after illness onset (SD=62 inter-
quartile range=81).
Statistical methods
All analyses were conducted in MATLAB R2020a. To
enable correlation of deficit magnitude with clinical and
mental health measures whilst accounting for popula-
tion variables, accuracy and median reaction times were
extracted for each task, comprising 16 measures
(Table S4), were transformed to deviation from expected
(DfE) scores (see below definition) relative to
N = 66,008 normative datasets (Table S5), comprising
individuals who had performed the same set of tasks.
Specifically, to calculate DfE scores, linear models were
trained to predict performance for each task within the
normative dataset from age decade, sex (male, female,
other), education level, handedness (left, right ambidex-
trous) and first language (English, other). The trained
models were then applied to the patient demographics,
to which they were naive, providing expected scores for
each individual. DfE score was quantified as the differ-
ence between observed minus predicted score divided
by the control standard deviation. Non-compliant indi-
viduals from the normative dataset already had been
identified and removed based on responding unfeasibly
fast given the response time distribution; applying the
same threshold identified no non-compliant partici-
pants within the patient dataset. Four patients could not
complete Verbal Analogies and one could not complete
Spatial Planning as they found them too challenging.
Control and patient datasets were concatenated, and
composites were then calculated by taking the first
unrotated principal component (Table S6) across the
eight summary score measures (G_SScore), focused on
accuracy, and across the eight response time scores
(G_RT), focussing on speed of response. Component
scores were calculated for each subject via regression of
3



Articles

4

the component loadings matrix across the above meas-
ures, excluding any unavailable datapoints, and trans-
formed to DfE score as described above. For further
comparison, a set of matched controls was identified
from within the normative database and processed in
the same manner as the patients. Specifically, for each
patient, ten unique control datasets were randomly
selected who exactly matched them in terms of age
decade, sex, handedness, first language and education
level.

All statistical analyses applied a prior significance
cut-off set to p < 0.05. T-tests, performed one-tailed
with family wise error (FWE) correction for multiple
comparisons, evaluated whether patient composite and
individual task DfE scores were consistently poorer than
expected relative to the matched normative group. Mul-
tiple regression determined whether G_SScore and
G_RT DfE scores could be predicted from clinical fea-
tures during the acute hospital stay or mental health
measures at the time of assessment. Clinical features
were World Health Organisation (WHO) COVID-19
severity score,23 highest C-reactive protein (CRP),
mechanical ventilation, extrapulmonary support, days
ventilated, tracheostomy, and highest D-dimer; as well
as age, sex and time since illness. Mental health scores
were the GAD7, PHQ9 and PCL5. Due to high correla-
tions between some of these clinical features, the fea-
ture matrix was reduced by applying Principal
Component Analysis with varimax rotation, where the
number of components was defined according to the
Kaiser convention of retaining components with eigen-
values >1. The relationship between G_SScore and
G_RT to time since illness was further examined in iso-
lation using bivariate correlations with one-tailed signif-
icance.

To qualitatively gauge whether the profile of COVID-
19 related cognitive deficits was similar in pattern or
scale to age-related decline, standard deviation differen-
ces were extracted from the normative models (that is,
accounting for the other population variables listed
above) for each task between people at ages aged 70−79
minus those 20−29 or 50−59 within the control data-
set. For further qualitative comparison, performance
data from a previously collected group of 28 early-mid
stage dementia patients were submitted to the same
DfE pipeline as described above and effect sizes plotted
(clinical and demographic details provided in Table S7).
Role of the funding source
The funder of the study had no role in the design of
the study, data collection, data analysis, interpreta-
tion or writing of the report. All authors had full
access to all data within the study. The correspond-
ing authors had final responsibility for the decision
to submit for publication.
Results
T-tests of global summary score and response time com-
posites (Figure 1a) confirmed that participants who had
been hospitalised due to COVID-19 scored significantly
lower and were slower in their responses than would be
expected given the control population as gauged by DfE
scores (G_SScore estimate=-0.538 SDs, t=-4.214
p < 0.0001; G_RT estimate=0.726SDs, t = 4.507,
p < 0.0001). Repeating the analysis for the 43 chronic-
phase patients >90 days post symptom onset showed a
similar result (G_SScore estimate=-0.524 SDs, t=-3.875
p = 0.0004; G_RT estimate=0.715SDs, t = 4.194,
p < 0.0001). Contrasting the DfE scores directly against
460 precisely matched individuals (Figure 2), 10 per
patient, from the control database reinforced this obser-
vation (mean difference in G_SScore estimate=-
0.525SDs, t=-4.327, p < 0.0001; mean difference in
G_RT estimate=0.887SDs, t = 5.803, p < 0.0001).

Application of Principal Component Analysis to the
matrix of clinical and mental health features identified
three components with eigenvalues >1 capturing 74%
of the variance (Figure 1b). After varimax rotation, Com-
ponent 1 captured variance pertaining to general sever-
ity of acute illness, including heavy positive loadings
from WHO COVID-19 severity score, highest CRP, and
requirement for mechanical ventilation, extrapulmo-
nary organ support and days ventilated, moderate posi-
tive loading with age and requirement of tracheostomy
and moderate negative loading for days since illness.
Component 2 had heavy positive loading of require-
ment for tracheostomy and days ventilated, moderate
positive loading for highest D-dimer and mechanical
ventilation and extrapulmonary support, and moderate
negative loading for females vs. males and time from ill-
ness onset. Component 3 had heavy positive loadings
for the three mental health scales.

Multiple regression of the component scores onto
DfE performance composites (Figure 1c) showed a sig-
nificant negative correlation between G_SScore and
Component 1 (Estimate=-0.346, F(1,42)= 9.392
p = 0.00380), but not Component 2 (Estimate=0.140, F
(1,42)=1.841 p = 0.18208) or Component 3 (Estimate=-
0.153, F(1,42)=1.855 p = 0.18041). There was also a
threshold level negative correlation between G_RT and
Component 1 (Estimate=0.305, F(1,42)=4.008 p=
0.05178), but not Component 2 (Estimate=-0.177, F
(1,42)=1.791 p = 0.21044) or Component 3 (Esti-
mate=0.111, F(1,42)=0.592 p = 0.46861).

Bivariate correlations (Table S8) showed significant
associations between G_SScore and Severity WHO
COVID-19 ordinal scale, mechanical ventilation, extrap-
ulmonary organ dysfunction support and highest CRP
during admission at the one tailed uncorrected thresh-
old. However, the hypothesised trends towards reduced
underperformance over time were of small effect size
and were statistically non-significant (G_SScore r = 0.15
www.thelancet.com Vol 47 Month May, 2022



Figure 1. Analysis of composite deviation from expected cognitive performance scores A. Analysis of DfE composite scores
showed that COVID-19 survivors were on average less accurate and slower to respond than expected given their age and demo-
graphic profiles. Scale is standard deviation units relative to the control population. B. Left. Clinical features from the acute phase,
age, sex and mental health and time from illness at the point of assessment showed strong correlations with a clear natural cluster-
ing of acute clinical severity vs mental health scores at the time of cognitive assessment. Colour represents bivariate correlation
strength where yellow = 1 and dark blue = -1. Right. Principal Component Analysis identified three components with eigenvalues
greater than 1. Centre. After varimax rotation one general component included heavy loadings from acute illness severity, a second
component more heavily loaded towards respiratory support features and a third component included high loadings from depres-
sion, anxiety and PTSD questionnaires. C. Acute clinical severity (component 1) showed statistically significant correlations with DfE
composite scores that were of medium effect size. (X axis is clinical component score. Y axis is DfE score in SD units relative to the
control population).
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p = 0.1542, G_RT r=-0.16 p = 0.1486 one tailed and
uncorrected). Reanalysing the data focusing exclu-
sively on either those who were or were not venti-
lated relative to their respective controls showed
significant cognitive deficits in both sub-groups
(Fig. S1 & Table S9).

Finally, DfE scores were examined at the individual
task level. There was a broad pattern of reduced accu-
racy and slowed response compared to the 460 matched
controls (Table 1, Figure 2a), with multiple tasks surviv-
ing the p < 0.05 one-tailed and family wise error (FWE)
corrected for multiple comparisons threshold. As pre-
dicted,17 underperformance was more substantial for
tasks challenging higher cognitive functions such as
Analogical Reasoning (score -0.85SDs RT +1.34SDs)
and Spatial Planning (score +0.28SDs RT +0.89SDs),
as well as 2D Manipulations (score -0.58SDs RT
www.thelancet.com Vol 47 Month May, 2022
+0.57SD) and word recall (immediate score -0.43SDs
RT +0.43SDs delayed score -0.051SDs RT +0.46SDs).

For comparison (Figure 2), the pattern of mean age-
related differences in performance of people in their
70s minus 20s or 70s minus 50s was quite distinct,
with age related differences being most pronounced for
2D Manipulations, Spatial Span and Target Detection
as opposed to Spatial Planning or Verbal Analogies.
Furthermore, the 28 dementia patients who undertook
6 of the tasks showed the greatest DfE score on the
Word Memory task with notably higher effect size.
Discussion
Individuals who survive severe COVID-19 illness have
objectively measurable cognitive deficits, lasting many
months, with respect to age- and demographic-adjusted
5



Figure 2. Multivariate profile of cognitive deficits after severe COVID-19 and relationship to age and dementia Upper.
Patients showed a consistent pattern of cognitive underperformance in terms of reduced accuracy and slowed processing time that
varied in magnitude across tasks. * p < 0.05, **p < 0.01, ***p < 0.001 one tailed FWE corrected for 18 multiple comparisons. Execu-
tive tasks tapping higher cognitive functions showed particularly strong associations, which was qualitatively different to the associ-
ation with age-related decline or dementia. Y axis scale in standard deviation units relative to controls. Lower. The scale of DfE
score for severe COVID-19 survivors was similar in scale to normal age-related decline in cognition between individuals in their sev-
enties when compared to individuals in their fifties (but less than age related decline in cognition between 20 and 70 years of age),
and less than cognitive problems in people with dementia 3 years post diagnosis. However, the pattern of deficits across cognitive
domains was quite distinct to either of these comparisons. NB dementia patients had not undertaken Spatial Planning or 3D Per-
spective Rotation. Y axis scale is standard deviation units relative to controls.
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norms.17,24−30 Taking Cohen’s notion of effect sizes as a
gauge, the scale of those deficits was large; on average
the 0.52SD and 0.89SD levels of underperformance on
global accuracy and response time composite measures
span the medium to large effect size range. For individ-
uals who required mechanical ventilation, both compo-
sites were in the large range at 0.90SDs and 1.0 SDs,
respectively, which is somewhat larger than our previ-
ous online study using the same assessment tools.17

The deficits within specific cognitive domains were
even greater, e.g., Verbal Analogies response times
were 1.3SDs longer on average for all patients and
1.7SDs for those who had required mechanical ventila-
tion. Notably, when analysing only those individuals for
whom English was the native language, the same
pattern of deficits was still evident. Furthermore, our
analyses accounted for both first language and educa-
tion level. These results accord with self-reported prob-
lems ‘finding words’31 and neuropsychological case
studies indicating verbal fluency deficits in severe
COVID-19 patients post recovery.32

By using a large pre-existing normative dataset to
correct for normal population variability in cognitive
performance, we were able to begin the process of dis-
entangling potential contributors to cognitive deficits
post COVID-19. In particular, measures of mood, post-
traumatic stress and mental health at the point of
assessment were sufficiently dissociable from acute ill-
ness severity to be evaluated within the predictor matrix.
This distinction is critical, because it is now well
www.thelancet.com Vol 47 Month May, 2022



Effect size (DfE) t p (corrected)

Accuracy Verbal analogies -0.854 -6.205 <0.00001

2D manipulation -0.575 -4.221 0.00026

Words immediate -0.432 -2.869 0.03863

Spatial span -0.405 -3.605 0.00309

Target detection -0.176 -1.450 1.32876

3D rotation -0.076 -0.996 2.87946

Words delayed -0.051 -0.458 5.82405

Spatial planning 0.283 1.510 1.18614

Latency Spatial span 0.231 1.543 1.11135

Words immediate 0.431 3.035 0.02276

Target detection 0.444 2.568 0.09468

Words delayed 0.463 2.942 0.03070

2D manipulation 0.570 3.879 0.00107

3D rotation 0.620 3.522 0.00421

Spatial planning 0.888 4.779 0.00002

Verbal analogies 1.337 7.018 <0.00001

Global G_SScore -0.525 -4.327 0.00016

G_RT 0.887 5.803 <0.00001

Table 1: T-tests contrasting patients vs. 460 matched controls (one-tailed and FWE corrected for multiple comparisons).
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established that people who have recovered from severe
COVID-19 illness can have a broad spectrum of symp-
toms of poor mental health11 as do those suffering from
Long Covid,1 which could conceivably contribute to both
self-perceived and objectively measured cognitive defi-
cits. These include problems with depression, anxiety
post-traumatic stress, low motivation, fatigue, low
mood, and disturbed sleep. Here, it was clearly the case
that acute illness severity was the better predictor of
objectively measurable global cognitive deficits during
the chronic phase. At the level of individual clinical fea-
tures, WHO COVID-19 severity score, highest CRP and
the requirement for mechanical ventilation and multi-
ple organ support were predictive of poorer cognitive
performance.

All patients were recruited from the same hospital
and following illness within a narrow timeframe, which
given differences in patient treatment and virus variants
across time limits our confidence when generalising
these results. We believe that this limitation is some-
what mitigated by the concordance between the results
presented here and our previous citizen science dataset,
published in this journal.17 Nonetheless, future research
should seek to determine the relationship between var-
iants, treatment strategies and cognitive outcomes at
larger scale.

Regarding how representative the cohort was, the
recruited population were younger, and more frequently
female, and with a higher proportion of critical care
admissions (WHO Ordinal Scale >6) than those who
came through the centre (Tables S10−S14). A signifi-
cant proportion, though not all, of these differences is
attributable to the mortality of 24% in the overall
www.thelancet.com Vol 47 Month May, 2022
admitted population, since non-survivors were older
(median age=80 inter quartile range =73−87), more
often male (64%), and may have included patients in
whom treatment limitation decisions may have been in
place.

Our analysis of fatigue post COVID-19 illness was
not in the original analysis plan. However, scores cap-
turing self-report of fatigue in the months post illness
were available for 38 patients (Tables S1−3) from the
Post-Intensive Care Unit Presentation Screen, a brief
functional screening tool to inform the rehabilitation
needs after treatment in intensive care settings. 28 of
them endorsed some level of fatigue. Fatigue score cor-
related robustly with the mental health composite score
(r=-0.45 p = 0.005) but not with the acute illness com-
posite score (r = 0.03 p = 0.852) or either of the cognitive
composite scores (G_ACC r = 0.19 p = 0.240; G_RT r=-
0.16 p = 0.343). These results indicate that although
both fatigue and mental health are prominent chronic
sequalae of COVID-19, their severity is likely to be
somewhat independent from the observed cognitive def-
icits.

A further limitation was that the acute clinical fea-
tures were too highly correlated with each other to disso-
ciate. All but two of the participants requiring
mechanical ventilation also required multiple organ
support, and the requirement for mechanical ventilation
correlated with highest CRP, a measure of inflamma-
tion, at r»=0.8. The observed correlation with a marker
of acute inflammation may reflect a causal relationship
beyond the severity of respiratory problems; however,
given the high correlation to other clinical features of
the acute phase, work seeking to disentangle underlying
7
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clinical causes of the observed cognitive deficits will
require either substantial sized cohorts with sufficient
power to delineate highly correlated predictors or addi-
tional data types, such as brain imaging in order to
detect associations with markers in specific types of
neuropathology.

Some previous studies have observed significant
recovery across time in terms of cognitive symptoms18

and imaging measures of brain function.33 In accor-
dance with these studies, we did observe slow and non-
significant trends towards reduced deficits in both accu-
racy and response latency as a function of time from ill-
ness. We conclude that any recovery in cognitive
faculties is at best likely to be slow. It also is important
to consider that trajectories of cognitive recovery may
vary across individuals depending on illness severity
and the neurological or psychological underpinnings,
which are likely complex. Plotting recovery trajectories
and untangling their multivariate relationships to clini-
cal features will require multi-timepoint studies in
larger cohorts.

At a finer multivariate grain, the profile of deficits
replicates our previous report in an online cohort of dis-
proportionate underperformance within certain cogni-
tive domains. In concordance with a previous large
scale online study this pattern includes tasks designed
to assess performance accuracy of attention, memory,
difficult word-based reasoning and planning.17 How-
ever, we also observed slowed processing speed. On a
neurological level, this pattern of impairment aligns
with the observation of sub-acute phase hypometabo-
lism within frontoparietal systems after COVID-19 ill-
ness26 that are known to be recruited in different
combinations and configurations during the perfor-
mance of these tasks.12,13,34

In this latter respect, the application of an assess-
ment battery that provides a dimensional profile span-
ning multiple cognitive domains is of value when
offering interoperability across studies. Indeed, it was
informative to note that this profile of cognitive dysfunc-
tion was quite distinct to the normal pattern of age-
related decline and to the pattern of deficits observed in
early-stage dementia patients. On average, the scale of
deficits was most similar to that observed in normal cog-
nitive decline between the ages of 50−70; however,
when examined in more detail the pattern of cognitive
deficits was most pronounced for different tasks than
either age-related decline or the dementia group. These
more detailed results highlight the potential value of
cross comparing multivariate profile of COVID-19 cog-
nitive deficits to a wider variety of populations in order
to identify potential similarities to other neurological
conditions. Future work should also expand the reper-
toire of disorders, especially populations who have
recovered from other critical illnesses, and cross relate
these detailed cognitive profiles to imaging and blood
biomarker measures of neuropathology and tracking
recovery and decline trajectories over a longer temporal
scale.

In summary, severe COVID-19 illness is associ-
ated with significant objectively measurable cognitive
deficits that persist into the chronic phase. The scale
of the deficits correlates with clinical severity during
the acute phase as opposed to mental health status
at the time of assessment, shows at best a slow
recovery trajectory and the multivariate profile of def-
icits is consistent with higher cognitive dysfunction
as opposed to accelerated ageing or dementia.
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