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COVID-19 and the Brain “Brain Fog”

Headaches
Aches and Pains
Loss of Smell

Blurred Vision
Strokes
Seizures
Delirium

Impaired Cognition



Neurologic Features 1in Severe SARS-CoV-2 Infection
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How Covid-19 can damage the brain
Some scientists suspect that Covid-19 causes respiratory failure...
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Some Coronavirus Patients Show Signs of
Brain Ailments

Doctors have observed neurological symptoms, including
confusion, stroke and seizures, in a small subset of Covid-19

patients.

April 2, 2020

Scientists warn of potential
wave of COVID-linked brain

damage

Neuroscientists and specialist brain doctors say emerging
evidence of its impact on the brain is concerning
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COVID-19 and the Brain

Direct Effects

Indirect Effects
Inflammation
Blood Clots
Low Oxygen Levels
Sedation
Ventilator

ICU
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SARS-CoV-2is associated with changesin
brain structurein UK Biobank
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Open access
There is strong evidence of brain-related abnormalitiesin COVID-19' . However, it

remains unknown whether theimpact of SARS-CoV-2 infection can be detected in
milder cases, and whether this can reveal possible mechanisms contributing to brain
pathology. Here we investigated brain changes in 785 participants of UK Biobank
(aged 51-81years) who were imaged twice using magnetic resonance imaging,
including 401 cases who tested positive for infection with SARS-CoV-2 between their
two scans—with 141 days on average separating their diagnosis and the second scan—
as well as 384 controls. The availability of pre-infection imaging data reduces the
likelihood of pre-existing risk factors being misinterpreted as disease effects. We
identified significant longitudinal effects when comparing the two groups, including
(1) agreaterreductionin grey matter thickness and tissue contrast in the orbitofrontal
cortex and parahippocampal gyrus; (2) greater changes in markers of tissue damage
inregions thatare functionally connected to the primary olfactory cortex;and (3) a
greater reductioninglobal brain size in the SARS-CoV-2 cases. The participants who
were infected with SARS-CoV-2 also showed on average agreater cognitive decline
between the two time points. Importantly, these imaging and cognitive longitudinal
effects were still observed after excluding the 15 patients who had been hospitalised.
These mainly limbic brainimaging results may be the in vivo hallmarks of a
degenerative spread of the disease through olfactory pathways, of
neuroinflammatory events, or of the loss of sensory input due to anosmia. Whether
this deleterious effect can be partially reversed, or whether these effects will persist in
the long term, remains to be investigated with additional follow-up.

" Check for updates

Douaud et al., 2022



The Problem

There are now more than 630 million people in the world who have had
COVID-19 and 4.3 million in Canada alone. Even if only a small proportion of
these individuals go on to develop cognitive problems and/or mental health

Issues, the result will create an enormous economic and societal burden.
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The Evolution of Computerised Cognitive Testing
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Performance of these tests is sensitive
to specific types of brain damage
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Performance of these tests activates
specific networks in the brain




CAMBRIDGE
BRAIN SCIENCES

12 short tasks measuring core aspects of cognition, such as working memory, attention,
planning, reasoning, decision-making, problem-solving and verbal abilities.

Key Highlights

v Over 10 million tests completed globally

Mind Health Assessmen

Complete four scientifically-valid tests of brain function to assess your mind hea

v Low cost and high convenience (1.5 — 3 mins per task)

INSTRUCTIONS

to ensure the results are as accurate as possible

v Large normative database (75,000), broken down by age for
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Putting brain training to the test

Adrian M. Owen', Adam Hampshire!, Jessica A. Grahn!, Robert Stenton?, Said Dajani?, Alistair S. Burns®,

Robert J. Howard? & Clive G. Ballard?®

‘Brain training’, or the goal of improved cognitive function
through the regular use of computerized tests, is a multimillion-
pound industry’, yet in our view scientific evidence to support its
efficacy is lacking. Modest effects have been reported in some
studies of older individuals>® and preschool children®, and
video-game players outperform non-players on some tests of
visual attention’. However, the widely held belief that commer-
cially available computerized brain-training programs improve
general cognitive function in the wider population in our opinion
lacks empirical support. The central question is not whether per-
formance on cognitive tests can be improved by training, but
rather, whether those benefits transfer to other untrained tasks
or lead to any general improvement in the level of cognitive func-
tioning. Here we report the results of a six-week online study in
which 11,430 participants trained several times each week on cog-
nitive tasks designed to improve reasoning, memory, planning,
visuospatial skills and attention. Although improvements were
observed in every one of the cognitive tasks that were trained,
no evidence was found for transfer effects to untrained tasks, even
when those tasks were cognitively closely related.

To investigate whether regular brain training leads to any
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Fractionating Human Intelligence
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SUMMARY

What makes one person more intellectually able
than another? Can the entire distribution of human
intelligence be accounted for by just one general
factor? Is intelligence supported by a single neural
system? Here, we provide a perspective on human
intelligence that takes into account how general
abilities or “factors” reflect the functional organiza-
tion of the brain. By comparing factor models of
individual differences in performance with factor
models of brain functional organization, we demon-
strate that different components of intelligence
have their analogs in distinct brain networks. Using
simulations based on neuroimaging data, we show
that the higher-order factor “g” is accounted for
by cognitive tasks corecruiting multiple networks.
Finally, we confirm the independence of these com-
ponents of intelligence by dissociating them using
questionnaire variables. We propose that intelli-

as opposed to a bias in testing
components of a more complex i
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ORIGINAL ARTICLE
Dissociable effects of self-reported daily sleep duration
on high-level cognitive abilities

Conor J. Wild%*#, Emily S. Nichols?, Michael E. Battista?, Bobby Stojanoski*
and Adrian M. Owen'?
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Abstract

Most people will at some point experience not getting enough sleep over a period of days, weeks, or months. However,

the effects of this kind of everyday sleep restriction on high-level cognitive abilities—such as the ability to store and

recall information in memory, solve problems, and communicate—remain poorly understood. In a global sample of over
10000 people, we demonstrated that cognitive performance, measured using a set of 12 well-established tests, is impaired
in people who reported typically sleeping less, or more, than 7-8 hours per night—which was roughly half the sample.
Crucially, performance was not impaired evenly across all cognitive domains. Typical sleep duration had no bearing on
short-term memory performance, unlike reasoning and verbal skills, which were impaired by too little, or too much,

sleep. In terms of overall cognition, a self-reported typical sleep duration of 4 hours per night was equivalent to aging

8 years. Also, sleeping more than usual the night before testing (closer to the optimal amount) was associated with better
performance, suggesting that a single night’s sleep can benefit cognition. The relationship between sleep and cognition was
invariant with respect to age, suggesting that the optimal amount of sleep is similar for all adult age groups, and that sleep-
related impairments in cognition affect all ages equally. These findings have significant real-world implications, because
many people, including those in positions of responsibility, operate on very little sleep and may suffer from impaired
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Measuring Cognitive Performance

Principal Component Analysis (PCA w/ Varimax) Pre-Pandemic Norms (N = 7,832)
Factor 1 “Short Term Memory (STM)”
Factor 2 “Reasoning” odd_one_out double_trouble

Factor 3 “Verbal Abilities”

monkey_ladder grammatical_reasoning

rotations spatial_span
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feature_match token search

digit_span N polygons

spatial_planning paired_associates

Wild et al., 2018



Participate in the COVID-19 Brain Study—a
global study of how the virus affects cognition

COVID-19 may have direct and indirect effects on the brain. If you have been. =~ =~ = =
diagnosed with COVID-19, help world-renowned neuroscientists discover its

Rl

effects on cognition by signing up for this important global study. , | -

Espanol | Francais

Sign Up Now

covidbrainstudy.com
English/French/Spanish

DESIGNED BY RESEARCHERS FROM WESTERN UNIVERSITY, THE UNIVERSITY OF TORONTO, AND SUNNYBROOK HEALTH SCIENCES CENTRE

e Western B8 UNIVERSITY OF 2 g
VoY TheBrainand 4P CAMBRIDGE :?; 7
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Key Questions

Does COVID-19 infection result in significant cognitive impairment? If so, what
cognitive domains are most affected?

Is the burden of cognitive impairment greater in those who require |ICU stay
versus those hospitalized outside the ICU versus those in the community?

Are COVID-19 patients are getting better or worse over time? (3 mo & 1 yr
longitudinal follow-up)

Are there interactions with sex, age and medical risk factors that result in
greater impact in some populations?



sex
B  Female

B Mae

Final Study Sample:

* 1,455 with questionnaire & CBS data

e 042 after fllterlng (outliers, invalid responses, missing values, etc.)
* 478 reported a positive COVID test (COVID+)
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Assessing COVID-19 lliness Severity

WHO Y/N OQuestion
0 X Symptoms

X Hospital
v Symptoms
1 X (Not) Daily Routine
X  Hospital
v Symptoms
2 V4 (Not) Daily Routine

X Hospital
v  Hospital
3 X 02 (Hospital)
X ICU
v  Hospital
4 v 02 (Hospital)
X ICU
v  Hospital 50
5 v/ ICu
X 02 (ICU) -
v Hospital 0-
6 v ICU 0 1 2

v 02 (ICU) WHO Score

# of Subjects

Wild et al., 2022



Results

Excellent

Miserable

Increasing COVID-19 severity is strongly associated with subjectively poorer
memory ratings. Wild et al., 2022
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Increasing COVID severity is strongly associated with subjectively greater
levels of anxiety and depression. Wild et al.. 2022



Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832)

odd one out

monkey_ladder

rotations

o
correlation (r)

feature_match

_

digit_span

spatial_planning

double trouble

grammatical_reasoning

spatial_span

token search

polygons

paired_associates

Principal Component Analysis (pca w/ varimax)

1. Short Term Memory (STM)
2. Reasoning
3. Verbal

Wild et al., 2022



Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832) COVID+ (N = 478)
odd_oy \double_trouble Odd_on\y \dOUble_trouble
monkey_ladder 7\ ?/ grammatical_reasoning monkey_ladder '* ?/
1

rotations

\\grammat'calreasoning
4

rotations | spatial_span

spatial_span

o
correlation (r)

feature_match

feature_match ' token_search

' token_search
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spatial_planning paired_associates spatial_planning

digit_span polygons

paired_associates

(Congruence coefficient > 0.95 for three factors)

Wild et al., 2022



Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832)

odd one out

monkey_ladder

rotations

o
correlation (r)

feature_match

B

digit_span

spatial_planning

double trouble

grammatical_reasoning

spatial_span

token search

polygons

paired_associates

Three Domain Scores:

1. Short Term Memory (STM)
2. Reasoning

3. Verbal

Two Additional Scores:
4. Opverall (Average) Performance

5. Processing Speed (faster = better)

Wild et al., 2022



Cognitive Performance: COVID+ vs. Norms

* COVID+ participants were significantly impaired relative to pre-pandemic
controls on 4/5 cognitive measures.

SD Units

(error bars are SEMS) Wlld et al, 2022

(scores are corrected for age, sex, level of education, socio-economic status, amount of exercise, and drug use)



Other Measures of Health (COVID+)

SF36_role limitations_emotional

SF36_energy_fatigue

SF36_role_limitations_physical

SF36_physical_functioning

jﬂ days_since_+test

subjme:nory\ /\_/\

subj_baseline

o
correlation (r)

WHO_COQOVID_severity

Two Health Factors:
* F1: Overall physical health, including COVID severity

« F2: Mental health & wellness

10 Questionnalre Scales:

e e T e I

WHO COVID Severity

SF-36 Pain Scale

SF-36 Physical Functioning

SF-36 Role limitations (physical)

SF-36 Energy / Fatigue

SF-360 Role limitations (emotional)

GAD-2 (anxiety)
PHQ-2 (depression)

W\

. back to your baseline..

2/

“"How would you describe your memory?”

Wild et al., 2022



How do health factors relate to demographics?

A) Age Bin (years)

SD Units

F1 F2

Physical Mental
Health Health

Two distinct, but not mutually exclusive, factors that characterize
post COVID-19 syndrome. Wild et al.. 2022



How do health factors relate to demographics?

Post Secondary Gender SES (poverty level)

Yes Male Female At / Above

Below

Wild et al., 2022



Results

Short-term memory

Reasoning

Verbal Ablilities
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Overall Physical Health (F1) average better

4

®
** **

**x * % ®

reasoning verpal processing_speed overall

Wild et al., 2022




Is this just a matter of hospitalisation?

Health Factors B Cognitive Scores Hospitalised?

*%*
* %k O

reasoning verbal processing_speed overall

Wild et al., 2022




What proportion of participants were “impaired”?

SEEEE
SRS

Pehthtntet P = 0.0668
SEEEE
EXENE

~ (37,000 Canadians
~ 107M Worldwide

...... of known COVID-19 cases
Wild et al., 2022



Conclusions

1. There are two dimensions that describe post-COVID-19 syndrome; one
that primarily affects aspects of physical health and is related to COVID

severity, and one that primarily affects mental health and is unrelated to
COVID severity.

2. Our objective measures of cognition related to the physical rather than the
mental health symptoms; that is, the worse your physical symptoms, the
worse your cognitive outcome, but this was not true of the relationship
between mental health and cognition.

3. "“Brain Fog”/"Long COVID" relates to physical symptoms and cognitive
deficits (rather than mental health impairments).

Wild et al., 2022
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