
Seeing Through Brain Fog: 

Adrian M. Owen 

Department of Physiology & Pharmacology and Department of Psychology,  
Western Institute for Neuroscience 

The University of Western Ontario, Canada 

owenlab.org

Disentangling the cognitive, physical, and mental-health  
sequelae of COVID-19.



Wild et al., 2022

Article

Disentangling the cognitive, physical, and mental
health sequelae of COVID-19
Conor J. Wild,1,2,9,* Loretta Norton,1,3 David K. Menon,4 David A. Ripsman,5 Richard H. Swartz,6,8

and Adrian M. Owen1,2,7,8
1Western Institute for Neuroscience, Western University, London, ON N6A 3K7, Canada
2Department of Physiology and Pharmacology, Western University, London, ON N6A 3K7, Canada
3Department of Psychology, King’s University College, Western University, London, ON N6A 3K7, Canada
4Division of Anaesthesia, Department of Medicine, University of Cambridge, Cambridge CB2 2QQ, UK
5Faculty of Medicine, Department of Neurology, University of British Columbia, Vancouver, BC V6T 2B5, Canada
6Department of Medicine (Neurology), Hurvitz Brain Sciences Program, Sunnybrook Health Sciences Center, University of Toronto, Toronto,
ON M4N 3M5, Canada
7Department of Psychology, Western University, London, ON N6A 3K7, Canada
8Senior author
9Lead contact
*Correspondence: cwild@uwo.ca
https://doi.org/10.1016/j.xcrm.2022.100750

SUMMARY

As COVID-19 cases exceed hundreds of millions globally, many survivors face cognitive challenges and pro-
longed symptoms. However, important questions about the cognitive effects of COVID-19 remain unre-
solved. In this cross-sectional online study, 478 adult volunteers who self-reported a positive test for
COVID-19 (mean = 30 days since most recent test) perform significantly worse than pre-pandemic norms
on cognitive measures of processing speed, reasoning, verbal, and overall performance, but not short-
term memory, suggesting domain-specific deficits. Cognitive differences are even observed in participants
who did not require hospitalization. Factor analysis of health- and COVID-related questionnaires reveals two
clusters of symptoms—one that varies mostly with physical symptoms and illness severity, and one with
mental health. Cognitive performance is positively correlated with the global measure encompassing phys-
ical symptoms, but not the one that broadly describes mental health, suggesting that the subjective experi-
ence of ‘‘long COVID’’ relates to physical symptoms and cognitive deficits, especially executive dysfunction.

INTRODUCTION

As the number of people recovering from the effects of corona-
virus disease 2019 (COVID-19) infection continues to grow, it is
becoming increasingly clear that many experience ongoing
cognitive challenges, including problems with memory, atten-
tion, reasoning, and problem-solving.2 These issues could be
caused by direct viral effects on the brain (e.g., neuroinflamma-
tion, stroke, autoimmune responses), as elevated cerebrospinal
fluid autoantibodies and significant white matter changes have
been reported in patients with neurological symptoms following
infection with COVID-19,3–6 as well as signs of microvascular
damage.7 The indirect effects of infection may also be attributed
to changes in cognition resulting from inflammation, blood clots,
low oxygen levels, sedation, and ventilation. In a recent prospec-
tive study of mechanically ventilated critical illness survivors, we
reported that all of the patients emerged from the intensive care
unit (ICU) with cognitive impairments, regardless of their etiology
at admission (sepsis, cardiac arrest, respiratory failure).8–10

Nevertheless, as the worldwide incidence rates of proven
COVID-19 infections exceed 400 million, many questions of
importance for post-COVID-19 treatment and recovery remain

unanswered. First, are these cognitive deficits, where they
occur, generalized or domain specific; that is, do they affect
certain cognitive systems more than others, and, if so, which
cognitive systems are most susceptible? This issue has gained
import in recent months as poorly specified terms such as ‘‘brain
fog’’ have entered both common parlance and the scientific liter-
ature describing ‘‘long COVID’’ or COVID ‘‘long-haulers.’’11–14

Unfortunately, the widespread use of ‘‘blunt’’ screening tools
such as the Mini-Mental State Examination (MMSE15) and the
Montreal Cognitive Assessment (MoCA16) to evaluate the effects
of COVID-19 infection only adds to this confusion, as both were
designed to detect the emergence of dementia in the elderly,
rather than to provide a comprehensive picture of cognitive per-
formance.17–21 For example, in one study, 28% of recovered
COVID-19 patients scored below the established cutoff of 26
(for dementia) on the MoCA, compared to only 17% of controls,
although median MoCA scores in the patients were not statisti-
cally different from those of the controls.21 Other studies have
suggested a specific domain of cognitive impairment; however,
this has varied across studies from primary deficits in attention22

to visuospatial deficits.21 Most studies report multidomain
cognitive impairments, although there appears to be a high
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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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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
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✓ Over 10 million tests completed globally

✓ Low cost and high convenience (1.5 – 3 mins per task)

✓ Large normative database (75,000), broken down by age for 
comparative purposes

✓ Web-based data correlates highly with lab-based testing

✓ Test-retest reliability is excellent

✓ 300+ peer-reviewed behavioural and neuroimaging studies 
in neuropsychological and neurodegenerative populations. 

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

Key Highlights
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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 
10 000 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 bene+t 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 +ndings have signi+cant real-world implications, because 
many people, including those in positions of responsibility, operate on very little sleep and may suffer from impaired 
reasoning, problem-solving, and communications skills on a daily basis.

Key Words:  cognitive function; short-term memory; executive function; sleep duration; effects of sleep restriction on 
cognition

Statement of Signi!cance

We assessed over 10 000 participants on a comprehensive battery of cognitive tests to ask whether daily sleep dura-
tion is associated with high-level cognition. Overall, cognitive performance was worse for participants who reported 
typically sleeping less or more than 7–8 hours per night—which was roughly half the sample. Importantly, not all 
high-level cognitive domains exhibited this relationship; sleep duration had no bearing on short-term memory, 
unlike high-level reasoning and verbal skills, which were impaired by too little, or too much, sleep. This relationship 
between sleep and cognition did not depend on age. Broadly, these results suggest that many people, who do not get 
enough sleep daily, may be operating with impaired reasoning and communication skills.

SLEEPJ, 2018, 1–11

doi: 10.1093/sleep/zsy182
Advance Access publication Date: 13 September 2018
Original Article
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Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832)

Wild et al., 2018

Principal Component Analysis (PCA w/ Varimax)

Factor 1 “Short Term Memory (STM)”

Factor 2 “Reasoning”

Factor 3 “Verbal Abilities”
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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?  

Key Questions 



Final Study Sample:

• 1,455 with questionnaire & CBS data 
• 942 after filtering (outliers, invalid responses, missing values, etc.)

• 478 reported a positive COVID test (COVID+)
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Assessing COVID-19 Illness Severity



Results

Increasing COVID-19 severity is strongly associated with subjectively poorer 
memory ratings. Wild et al., 2022



Increasing COVID severity is strongly associated with subjectively greater 
levels of anxiety and depression.

Anxiety

Depression

Results

Wild et al., 2022



Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832)

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)

(Congruence coefficient > 0.95 for three factors)

Wild et al., 2022



Measuring Cognitive Performance

Pre-Pandemic Norms (N = 7,832)

Three Domain Scores:
1. Short Term Memory (STM)
2. Reasoning
3. Verbal

Two Additional Scores:
4. Overall (Average) Performance
5. Processing Speed (faster = better)

Wild et al., 2022



Sleeping 4 hours per night
(Wild et al., 2018)

Smoking
(Hampshire et al., 2012)

+

*** ***
***

***

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

Cognitive Performance: COVID+ vs. Norms

Norms

(error bars are SEMs)

(scores are corrected for age, sex, level of education, socio-economic status, amount of exercise, and drug use)
Wild et al., 2022



10 Questionnaire Scales: 

↑     WHO COVID Severity 

↑      SF-36 Pain Scale 

↑      SF-36 Physical Functioning 

↑      SF-36 Role limitations (physical) 

↑      SF-36 Energy / Fatigue 

↑      SF-36 Role limitations (emotional) 

↑      GAD-2 (anxiety) 

↑      PHQ-2 (depression) 

↑     “… back to your baseline… ?” 

↑     “How would you describe your memory?” 

Other Measures of Health (COVID+)

Two Health Factors:

• F1: Overall physical health, including COVID severity

• F2: Mental health & wellness

Wild et al., 2022



How do health factors relate to demographics?

Physical
Health

Mental
Health

Two distinct, but not mutually exclusive, factors that characterize 
post COVID-19 syndrome. Wild et al., 2022
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Supplementary Figure 3. Dissociable health factors associated with COVID-19 infection. 
Related to Figure 1B. Factor scores F1 (overall physical health, including COVID severity) and 

F2 (mental health & wellness) – as a function of: A) age (in three arbitrary bins), B) completion 

of post-secondary education, C) gender, and D) socio-economic status (relative to poverty level) 

while growing up. Boxes span from the 1st to 3rd quartiles, horizontal lines within a box indicate 

the median, and whiskers span 1.5 times the interquartile range (limited to min/max of the 

sample). 

 
 

How do health factors relate to demographics?



Results

Short-term memory 

Reasoning 

Verbal Abilities 

Processing Speed 

Overall Cognition 

FACTOR CORRELATIONS 
PHYSICAL SYMPTOMS  IMPAIRED?  MENTAL HEALTH SYMPTOMS  

Wild et al., 2022



Wild et al., 2022severity, strongly suggests that these cognitive differences, and
the physical/cognitive associations identified here, are specif-
ically related to COVID-19 infection itself.

It is important to understand that we are not describing two
types of people in the post COVID-19 infection population, but
two distinct factors that contribute to and characterize the
post-COVID-19 syndrome. That these measures were clearly
dissociable in terms of the demographic variables that they
correlated with suggests that they represent two distinct and
separable, although not mutually exclusive, effects of COVID-
19 infection. For example, physical health was negatively corre-
lated with age (with an average decline of approximately 0.1 SDs
per decade), whereas the other factor, mental health and well-
ness, increased with age (by 0.1 SDs for every 10 years). It is
perhaps to be expected that older COVID-19 survivors would
be most affected in terms of their physical and cognitive out-
comes (given the greater likelihood of comorbidities in that
group), but we also observed the young were more severely
affected in terms of their mental health and well-being—a finding
that is entirely consistent with research on mental health out-
comes during the early stages of the pandemic.41,42 Completion
of post-secondary education was also associated with signifi-
cantly better mental health, but not physical health outcomes,
andmales reported better physical health than females, yet there
was no difference betweenmales and females in terms of mental
health and wellness. Again, the differing patterns of correlations
between socio-demographic variables and the physical and
mental health factors further confirm the existence of two distinct
outcomes of COVID-19 infection that are dissociable in multiple
ways.

The fact that an aggregate measure of mental health encom-
passing anxiety, depression, role limitations, and fatigue was
not associated with cognitive outcomes in the context of the
COVID-19 pandemic is surprising, as numerous studies have
shown an association between anxiety, depression, and cogni-
tion in the pre-pandemic era.31,32 However, it is important to
clarify that those results come from studies that focused on clin-
ical populations—that is, patients who have been diagnosed

with a major mental health condition, such as depression or anx-
iety. In our study, the fact that no association was observed be-
tween measures of mental health and cognition may be due to a
predominance of detectable, yet subclinical, mental health is-
sues among the COVID-19 survivors. It may be the case that
mental health is associated with cognitive performance such
as physical health, but to a lesser degree, as is suggested by
the observation that our F1 factor included small but non-zero
contributions from the GAD2, PHQ2, and variables that may
also be thought to have some emotional association (i.e., fatigue
and subjective evaluations of cognition). It is also possible that
measures of anxiety and depression that are more sensitive to
symptom severity, compared to the two-item screeners used
in this study, could reveal a relationship between psychopathol-
ogy and cognitive performance. Importantly, we are not stating
that psychopathology is not a consequence of COVID-19 infec-
tion, but rather that those particular symptoms are not correlated
with objective measures of cognitive function in our sample.
Regardless, our study highlights the importance of carefully
examining the relationship between physical wellness, mental
health, and cognition in other patient populations, to determine
what may be driving any observed cognitive impairments.
We also found that lower cognitive performance was not

driven by the more severe cases of COVID-19: both hospitalized
and non-hospitalized COVID+ subgroups had significantly lower
cognitive performance than normative data on some measures,
and the correlations between physical health and these cognitive
scores persisted evenwhen controlling for hospitalization. This is
an important observation because long-lasting cognitive deficits
have been reported in non-COVID-19 patients following treat-
ment in the ICU, suggesting that factors such as mechanical
ventilation, sedation, drug therapy, and disturbed sleep may
contribute to the emergent cognitive profile, independent of
infection.8 Indeed, several preliminary studies have suggested
that cognitive impairments following COVID-19 infection are
dependent on the level of medical assistance received,2,23

although at least one study has reported no correlation between
hospitalization and cognitive impairments.25 Our findings

Figure 2. Within-group associations be-
tween physical health and cognition
Participants in the COVID+ sample were grouped

into tercile bins based on their F1 scores: Below

average (‘‘worse’’; left group, green traces), average

(center group, blue traces), and above average

(‘‘better’’; right group, purple traces) physical health

(F1). Cognitive scores (corrected for nuisance vari-

ables) are relative to the normative sample mean

(Y = 0.0). Boxes span from the 1st to 3rd quartiles,

horizontal lines within a box indicate the median,

whiskers span 1.5 times the interquartile range

(limited to minimum/maximum of the sample), and

points outside the whiskers (i.e., outliers) are indi-

vidually plotted. Double asterisks below a box trace

indicate a significant difference between that

COVID+ subgroup and the norms (p < 0.05 cor-

rected for 15 comparisons).
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Is this just a matter of hospitalisation?

support the hypothesis that cognitive impairments are a conse-
quence of COVID-19 infection, rather than a secondary effect
(e.g., due to intensive treatments).
Although the present study provides clear evidence for

cognitive impairment following COVID-19 infection, the effect
was, at least to some extent, domain specific. That is, signifi-
cant differences were found relative to the norms in speed of
processing and in the reasoning and verbal domains, but not
in STM performance. These findings shed some light on the na-
ture and extent of the subjective experience of COVID-19 sur-
vivors, often called long COVID, the expression now used
widely to describe the subjective symptoms that include a
sense of cognitive impairment following COVID-19 infection.
Specifically, that the cognitive sequelae of COVID-19 in this

context includes processing (or ‘‘thinking’’) speed, reasoning,
and verbal abilities, but leaves short-term memory relatively
spared. Indeed, the pattern of this functional dissociation is
consistent with that observed in a smaller sample of COVID-
19 survivors.2

In conclusion, we have shown clear cognitive impairments
following COVID-19 infection. These are likely not the result
of a ‘‘global’’ impact on cognitive processing, as STM perfor-
mance was relatively preserved. Crucially, in the domains that
were affected, cognitive performance was related to a factor
that varied most strongly with variables related to physical
health and COVID severity, but not to a factor that broadly
described mental health. This has implications from a clinical
viewpoint, as survivors who exhibit increased anxiety or

Table 4. Linear regression results from models that included both overall physical health (F1) and mental health and wellness (F2)
factor scores as simultaneous predictors of cognitive scores

DV IV b T df padj CI DR2 f2

STM F1 0.03 0.72 475 1.000 !0.088 to 0.146 0.001 0.001

F2 0.01 0.19 475 1.000 !0.109 to 0.125 0.000 0.000

Reasoning F1 0.09 1.90 475 0.861 !0.047 to 0.219 0.008 0.008

F2 0.04 1.00 475 1.000 !0.088 to 0.178 0.002 0.002

Verbal F1 0.14 3.23 475 0.020 0.012–0.269 0.021 0.022

F2 !0.02 !0.35 475 1.000 !0.144 to 0.114 0.000 0.000

Processing speed F1 0.15 3.48 475 0.008 0.022–0.273 0.025 0.025

F2 !0.06 !1.41 475 1.000 !0.185 to 0.065 0.004 0.004

Overall F1 0.14 3.43 475 0.010 0.019–0.253 0.024 0.025

F2 0.03 0.69 475 1.000 !0.090 to 0.144 0.001 0.001

p values and confidence intervals are Bonferroni corrected for 15 comparisons. The bold entries indicate significant effects (padj < 0.05). DV, dependent

variable; IV, independent variable; b, estimated coefficient; f2, Cohen’s f.

A B

Figure 3. Does hospitalization explain physical/cognitive associations?
(A) Distributions of health factor scores—physical (F1) andmental (F2) health—in the hospitalized (N = 66) and non-hospitalized (N = 412) COVID+ subgroup. The x

axis (Y = 0) corresponds to the COVID+ sample mean. The brace and asterisks indicate a significant group difference (p < 0.001).

(B) Cognitive scores (corrected for nuisance variables), for which Y = 0 indicates the normative sample mean. Double asterisks below boxes indicate significant

differences between the COVID+ subgroup and the normative sample (p < 0.05 corrected for 10 comparisons). No cognitive differences between hospitalized and

non-hospitalized groups were significant at a corrected level. Boxes span from the 1st to 3rd quartiles, horizontal lines within a box indicate the median, whiskers

span 1.5 times the interquartile range (limited to minimum/maximum of the sample), and points outside the whiskers (i.e., outliers) are individually plotted.
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What proportion of participants were “impaired”?

≈ 737,000 Canadians
≈ 107M Worldwide

……of known COVID-19 cases



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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SUMMARY

As COVID-19 cases exceed hundreds of millions globally, many survivors face cognitive challenges and pro-
longed symptoms. However, important questions about the cognitive effects of COVID-19 remain unre-
solved. In this cross-sectional online study, 478 adult volunteers who self-reported a positive test for
COVID-19 (mean = 30 days since most recent test) perform significantly worse than pre-pandemic norms
on cognitive measures of processing speed, reasoning, verbal, and overall performance, but not short-
term memory, suggesting domain-specific deficits. Cognitive differences are even observed in participants
who did not require hospitalization. Factor analysis of health- and COVID-related questionnaires reveals two
clusters of symptoms—one that varies mostly with physical symptoms and illness severity, and one with
mental health. Cognitive performance is positively correlated with the global measure encompassing phys-
ical symptoms, but not the one that broadly describes mental health, suggesting that the subjective experi-
ence of ‘‘long COVID’’ relates to physical symptoms and cognitive deficits, especially executive dysfunction.

INTRODUCTION

As the number of people recovering from the effects of corona-
virus disease 2019 (COVID-19) infection continues to grow, it is
becoming increasingly clear that many experience ongoing
cognitive challenges, including problems with memory, atten-
tion, reasoning, and problem-solving.2 These issues could be
caused by direct viral effects on the brain (e.g., neuroinflamma-
tion, stroke, autoimmune responses), as elevated cerebrospinal
fluid autoantibodies and significant white matter changes have
been reported in patients with neurological symptoms following
infection with COVID-19,3–6 as well as signs of microvascular
damage.7 The indirect effects of infection may also be attributed
to changes in cognition resulting from inflammation, blood clots,
low oxygen levels, sedation, and ventilation. In a recent prospec-
tive study of mechanically ventilated critical illness survivors, we
reported that all of the patients emerged from the intensive care
unit (ICU) with cognitive impairments, regardless of their etiology
at admission (sepsis, cardiac arrest, respiratory failure).8–10

Nevertheless, as the worldwide incidence rates of proven
COVID-19 infections exceed 400 million, many questions of
importance for post-COVID-19 treatment and recovery remain

unanswered. First, are these cognitive deficits, where they
occur, generalized or domain specific; that is, do they affect
certain cognitive systems more than others, and, if so, which
cognitive systems are most susceptible? This issue has gained
import in recent months as poorly specified terms such as ‘‘brain
fog’’ have entered both common parlance and the scientific liter-
ature describing ‘‘long COVID’’ or COVID ‘‘long-haulers.’’11–14

Unfortunately, the widespread use of ‘‘blunt’’ screening tools
such as the Mini-Mental State Examination (MMSE15) and the
Montreal Cognitive Assessment (MoCA16) to evaluate the effects
of COVID-19 infection only adds to this confusion, as both were
designed to detect the emergence of dementia in the elderly,
rather than to provide a comprehensive picture of cognitive per-
formance.17–21 For example, in one study, 28% of recovered
COVID-19 patients scored below the established cutoff of 26
(for dementia) on the MoCA, compared to only 17% of controls,
although median MoCA scores in the patients were not statisti-
cally different from those of the controls.21 Other studies have
suggested a specific domain of cognitive impairment; however,
this has varied across studies from primary deficits in attention22

to visuospatial deficits.21 Most studies report multidomain
cognitive impairments, although there appears to be a high
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