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Background: Research into COVID-19-related cognitive decline has focused on individuals who are cognitively 

impaired following hospitalization for COVID-19. Our objective was to determine whether cognitive decline 

emerged after the onset of COVID-19 and was more pronounced in patients with postacute sequelae of SARS- 

CoV-2 infection (PASC). 

Methods: We analyzed longitudinal cognitive data collected during a cohort study of essential workers at midlife 

that continued through the COVID-19 pandemic. We used longitudinal discontinuity models, a form of causal 

modeling, to examine the change in cognitive performance among 276 participants with COVID-19 in compar- 

ison to contemporaneously-collected information from 217 participants who did not have COVID-19. Cognitive 

performance across four domains was measured before and after the pandemic. Eligible study participants were 

those with validated COVID-19 diagnoses who were observed before having a verified COVID-19 infection who 

survived their initial infection, and for whom post-COVID-19 information was also available. 

Results: The mean age of the COVID-19 group was 56.0 ± 6.6 years old, while the control group was 58.1 ± 
7.3 years old. Longitudinal models indicated a significant decline in cognitive throughput ( 𝛽 = -0.168, P = .001) 

following COVID-19, after adjustment for pre-COVID-19 functioning, demographics, and medical factors. Asso- 

ciations were larger in those with more severe COVID-19 and those who reported PASC. Observed changes in 

throughput were equivalent to 10.6 years of normal aging. 

Conclusion: Findings from this longitudinal causal modeling study revealed that COVID-19 and PASC appeared 

to cause clincially relevant cognitive deterioration. 
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Post-coronavirus disease 2019 (COVID-19), many survivors seek

ore frequent medical care for respiratory, diabetes, and neuropsychi-

tric disorders more than 3 to 6 months after the onset of SARS-CoV-2

nfection. 1 This continuation or development of new COVID-19 symp-

oms and conditions three months after the initial infection and lasting

or at least two months with no other explanation was termed post-acute

equelae of SARS-CoV-2 (PASC) by the World Health Organization. 2 

ASC is considered present when symptoms emerge soon after infec-
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ion and persist for ≥ 4-8 weeks after SARS-CoV-2 infection. 3 The most

requent PASC symptoms are cardiopulmonary symptoms (e.g., dyspnea

nd chest pain) or neuropsychiatric symptoms (e.g., brain fog, fatigue,

eadache, and depression). 4 

Neuropsychiatric symptoms of PASC can occur three months after

nitial SARS-CoV-2 infection and persist for at least eight weeks. 5 Acute

nd subacute infarctions are the most common neuroimaging findings

n neurological PASC 

6 , and COVID-19-related cognitive decline (CRCD)

anifests as executive dysfunction. 7 , 8 CRCD manifests with subjec-

ive impairments including difficulties in inattention, forgetfulness, and
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Figure 1. Expected trajectories of change in cognition before and after the onset 

of COVID-19. 
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rain fog 9 alongside headaches, fatigue, dizziness, sleep-related symp-

oms, and ageusia/anosmia. 10 Brain fog has been reported as an incapac-

tating condition among PASC patients that appears to include cognitive

eatures, 7 , 9 even in cases of mild COVID-19 infections. 11 Brain fog has

een reported to follow mild/moderate COVID-19 irrespective of age at

nfection 12 and may continue up to two years after COVID-19. 1 , 13 

There is growing evidence to suggest that COVID-19 causes CRCD.

RCD include common risk factors for Alzheimer’s disease and related

ementias (e.g., older age, lower education, depression, diabetes, and

ardiovascular disease). Additionally, while subjective cognitive symp-

oms including Brain Fog, are important to functional limitations, they

nly mildly concur with changes to cognitive performance. 14 Despite

rowing concerns that PASC may cause CRCD, existing research lacks

ontrol groups or pre-COVID-19 cognitive assessments necessary to

upport such determinations. 15 Thus, this study aimed to determine

hether the development of COVID-19 in a sample of aging essential

orkers was contemporaneous with decrements in cognitive function-

ng as defined in Figure 1 . Specifically, we hypothesized that when using

odels that adjust for individual differences in cognitive ability prior to

he onset of COVID-19, that the presence of COVID-19 would be asso-

iated with worse cognitive functioning (see green double-arrow line in

igure 1 ), and that decrements would be largest in those reporting se-

ere COVID-19 and the presence of PASC (see dashed line in Figure 1 ).

lso, we examined whether declines were steeper in participants with

ore severe disease conditions and those reporting PASC. The avail-

bility of longitudinal data dating back to 2015 allowed us to investi-

ate whether cognitive decline emerges with SARS-CoV-2 infection or

hether the observations reflected lower pre-COVID-19 functioning that

endered patients more susceptible to severe disease. We hypothesized

hat cognitive decline would correspond to SARS-CoV-2 infection and

ould be more grievous in patients with severe and acute COVID-19 or

ASC. 

ethods 

tudy Participants 

Participants were drawn from essential workers (mainly first respon-

ers) enrolled in an occupation-based study of cognitive aging. 16 Eligi-

ility was based on those who underwent computer-assisted testing on a

europsychological assessment battery between 11/2015-12/2019 and

ad at least one follow-up collected between 3/2020-2/2023. Cohort

articipants who reported having COVID-19 symptoms and a positive

OVID-19 polymerase chain reaction (PCR), antibody, or antigen test

esult between 3/2020 and 11/2021 were included in the COVID-19

roup. The “verified ” COVID-19 group included patients who provided

roof of SARS-CoV-2 infection with a positive COVID-19 antigen, an-

ibody, or PCR test. The “unverified ” COVID-19 group included par-
2

icipants who reported positive laboratory test findings but for whom

e were unable to gather the recorded evidence. The uninfected (con-

rol) group reported that, to the best of their knowledge, they had not

ad COVID-19 and never experienced COVID-19 symptoms or received

 positive PCR, antigen, or antibody test result during the specified

imeframe. In this group, we estimated a counterfactual symptom on-

et date using the mean onset date for those infected. Participants in-

luded in this analysis had ≥ 2 neuropsychological assessments during

he study period, with ≥ 1 before and ≥ 1 after the onset of COVID-19

ymptoms. Eligible individuals with multiple sclerosis, Parkinson’s dis-

ase, dementia, or stroke before COVID-19 and participants with asymp-

omatic SARS-CoV-2 infections were excluded. Cognitive exams were

ompleted during study visits before and following COVID-19 infections,

o the timing of the test administration differed for each participant. 

OVID-19 Severity 

Acute COVID-19 was classified into three categories (symptoms de-

cribed in Supplemental Table 1): mild, moderate, and severe, according

o COVID-19 clinical spectrum guidelines. 17 The uninfected (control)

roup reported that, to the best of their knowledge, they had not had

OVID-19 and never experienced COVID-19 symptoms or received a

ositive PCR, antigen, or antibody test result during the specified time-

rame. 

COVID-19 participants with PASC had at least one COVID-19-related

ymptom lasting ≥ 4 weeks. Those who did not experience any such

ymptoms were placed in the non-PASC group. PASC symptoms were

lassified into the following categories: (1) respiratory (dyspnea, sore

hroat, congestion, runny nose, wheezing, and cough; cardiac; chest pain

r palpitations), (2) central nervous system (CNS; dizziness, vertigo,

rain fog, lethargy, tinnitus, headache), (3) peripheral nervous system

PNS; loss of smell and taste, pins and needles), (4) psychiatric (anxi-

ty, depression, and post-traumatic stress disorder), (5) musculoskele-

al (body aches and pains, and joint pain), (6) gastrointestinal (nausea,

omiting, diarrhea, and weight loss), (7) fatigue ( “very tired ”; “low en-

rgy ”) or other (fever or rash). 

ognitive Functional Assessment 

Cognition was assessed using the CogState Brief Battery (CBB),

 computerized neuropsychological examination that detects modest

ognitive abnormalities over repeated evaluations and is sensitive to

ementia. 18 The CBB assessment has been described in detail pre-

iously, 16 and more information is available on the tool’s website

 www.cogstate.com ). Briefly, cognitive performance is assessed during

hree game-like tasks (detection, identification, and one-card learning),

ncluding repeated trials using a green-background virtual deck of play-

ng cards. Each task reports an average of measures within up to 88 tri-

ls in which participants respond to prompts using two keyboard keys

marked “Y ” for yes and “N ” for no). From these tests, we reported

our metrics of executive function that we hypothesized would be sensi-

ive to neuroinflammation or vascular disease: response speed, process-

ng speed, cognitive throughput, and visual working memory. Reaction

peed measures the detection task completion rate (answers per second).

rocessing speed (answers/second) measures the average number of cor-

ect answers in identification tasks. 19 Throughput measures one-card

earning accuracy divided by testing speed (accurate answers/second).

isual memory was measured as accuracy on a one-card learning task

accurate answers/second). 

Clinical information was used to determine whether our COVID-19

roup was significantly different at the outset in these conditions of ag-

ng as compared to those who did not develop COVID-19. Data were

athered to determine the presence of a pre-COVID history of heart

isease, diabetes, hypertension, depression, and hyperlipidemia. Since

ome of these conditions might cause cognitive complications for SARS-

oV-2 infection, we adjusted our models for cardiovascular disease, hy-

http://www.cogstate.com
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Figure 2. Sample inclusion and exclusion cri- 

teria flow chart. 
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erlipidemia, hypertension, and diabetes. Depressive symptoms were

easured using the patient health questionnaire, 20 and post-traumatic

tress disorder (PTSD) were collected using the PTSD checklist for DSM-

V (PCL-17) 21 at baseline prior to COVID-19 infection. 

Initial COVID-19 symptoms, vaccination information (vaccine com-

letion and series), hospitalization (defined as a hospital stay of ≥ 24

), and diagnostic data were gathered through a self-reported survey,

ext messages, phone interviews, follow-up visits, and data from med-

cal records outside the study. 17 , 22 Demographic data were retrieved

uring registration or COVID-19 visits. BMI (kg/m2 ) was calculated us-

ng objective measures of height and weight. 

tatistical Analysis 

Linear longitudinal mixed models were used to examine the rate of

ognitive decline and detect evidence of change after an acute SARS-

oV-2 infection. We used the date of COVID-19 symptom onset to detect

hanges across six measures of cognition by comparing trajectories of

unctioning pre- and post-COVID-19 using a longitudinal discontinuity

esign following Equation 1 below. 23 We projected the expected rate

f decline before and after the infection and compared the postinfec-

ion decline with the rate among the uninfected cohort. We adjusted for

earning effects using an indicator based on a participant’s initial assess-
3

ent of this cognitive battery. We incorporated a covariate identifying

he size of the difference between those who were infected with SARS-

oV-2 and those who were not to determine the extent of preinfection

ifferences. We did not model postinfection accelerations in cognitive

ecline because the annual monitoring schedule did not provide suffi-

ient time points following infection to permit reliable estimates. 

𝑖𝑡 = 𝛽0 + 𝛽1 𝐴𝑖𝑡 + 𝛽2 𝐶19 𝑡 + 𝛽3 𝐸𝐶19 + 𝛽4 𝐸𝐶19 ∗ 𝑡 + 𝑋𝐵 + 𝛾0 𝑖 + 𝛾1 𝑖 𝑡 + 𝜀𝑖𝑡 

(1) 

Where Yit is the time-varying value for the outcome measures and

aries between individuals (i) over time (t). Additionally, XB contains

n array of covariates, Ait denotes age of subject i at time t, C19t is a

ime-varying indicator for the onset of COVID-19 symptoms. We used

C19 to estimate any pre-COVID difference in the outcome among those

ho developed COVID-19 as compared to those who were not to model

election into COVID-19 infection as related to the dependent variable.

or the unexposed group, the counterfactual symptom onset time (t = 0

n the graph above) was calculated as the average date that those in the

OVID-19 group were infected. We controlled for individual differences

t baseline using random intercepts ( 𝛾0i ) and accounted for potential

ariation in the rate of aging using random slopes ( 𝛾1i t ) such that 𝛾0i and

t are distributed normally ( ∼N[0,1]). Finally, we estimated the mean
1i 
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Table 1 

Participant Characteristics Stratified by COVID-19 Status ( n = 493) ∗ . 

Characteristics Control Group ( n = 217) Incident COVID-19 Group ( n = 276) P Value 

Age, mean (SD), years 58.1 (7.3) 56.0 (6.6) < .01 

Body mass, kg/m2 , mean (SD) 30.9 (5.6) 30.9 (4.8) .97 

( N ) % ( N ) % 

Gender 

Female (17) 7.8 (13) 4.7 

Male (200) 92.2 (263) 95.3 .15 

Ethnicity/race 

White (171) 78.8 (226) 81.9 

Black (6) 2.8 (4) 1.5 

Hispanic (16) 7.4 (19) 7.0 .34 

Other/unknown (24) 11.1 (27) 9.8 

Educational attainment ∗ 

Less than high school (9) 4.2 (8) 2.9 

High school (40) 18.4 (51) 18.6 

Some college (99) 45.6 (143) 52.0 

University degree (63) 29.0 (67) 24.4 .60 

Unknown (6) 2.8 (6) 2.2 

Underlying conditions 

Depression (18) 8.3 (33) 12.0 .19 

Diabetes (24) 11.1 (34) 12.3 .67 

Hypertension (89) 41.0 (101) 36.6 .32 

Hyperlipidemia (82) 37.8 (92) 33.3 .30 

Cardiovascular disease (51) 23.5 (46) 16.7 .06 

COVID-19 verification status 

Verified N/A (158) 57.3 

Unverified N/A (118) 42.8 N/A 

COVID-19 severity categorization 

Mild N/A (131) 47.5 

Moderate N/A (110) 39.9 N/A 

Severe N/A (35) 12.7 

Variants 

Alpha, Beta N/A (230) 83.3 

Delta N/A (23) 8.3 

Epsilon N/A (12) 4.4 

Omicron N/A (11) 3.9 

Vaccination status at the onset of COVID-19 

Vaccinated, complete N/A (17) 6.2 

Vaccinated, partial N/A (2) 0.7 N/A 

Unvaccinated N/A (247) 89.5 

Unknown N/A (10) 3.4 

Vaccination status as of 12/2022 

Vaccinated, complete (170) 78.4 (162) 58.7 

Vaccinated, partial (12) 5.5 (32) 11.6 < .01 

Unvaccinated (15) 6.9 (66) 23.9 

Unknown (20) 9.2 (66) 23.9 

COVID-19 hospitalization † 

Hospitalized N/A (23) 10.2 N/A 

Nonhospitalized N/A (248) 89.9 

ICU admission status 

ICU admission N/A (3) 1.1 

No ICU admission N/A (248) 89.9 N/A 

SD, standard deviation; CNS, central nervous system; PNS, peripheral nervous system; COVID-19, coronavirus disease 

2019. P -values comparing participants without PASC to those with long-COVID were derived from tests of proportions 

(Chi-squared) and from Student’s t-tests as appropriate; ICU, intensive care unit; C, complete; I, incomplete . P < .05, 

2-sided, was adopted as indicating significance. 

Missing ICU data on five individuals. 
∗ One person has unknown educational status. 
† Missing hospitalization information on five individuals. 
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ate of cognitive decline expected after SARS-CoV-2 infection using the

𝐶19 ∗ 𝑡 interaction term. 

Secondarily, we examined variations in COVID-19 severity and the

resence of any PASC as potential moderators of the cognitive trajec-

ories. We computed three effect-size estimates: First, we translated re-

ression coefficients, which differ by the scales of the outcome variables,

nto standardized regression coefficients (labeled “b ”). Second, we esti-

ated “age-equivalent years (AEY) ” as the number of years of normal

ognitive aging necessary to cause similar levels of cognitive decline

eflected in changes attributed to COVID-19. AEY was calculated by

ividing the coefficient for the COVID-19 indicator by the coefficient
4

f the slope attributed to age in the same model. Third, we used de-

criptive information alongside model-derived information to estimate

he expected proportion of participants who would qualify as having a

ew-onset mild cognitive impairment (NOMCI) 24 at their initial post-

OVID-19 visit. We did not require complete cases to evaluate change

ver time and incorporated data from any individual who fit the eligibil-

ty criteria. Missing data in longitudinal models is accounted for using

he expectation-maximization (EM) algorithm within the longitudinal

ultilevel modeling. 25 Although longitudinal models are not biased by

ime-invariant variables such as gender, race or educational attainment,

e adjusted our models for the possible confounding variables, includ-
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Table 2 

Participant Characteristics Without Versus with Postacute Sequelae of SARS-CoV-2 ( n = 256) ∗ . 

Characteristics Non-PASC ( n = 137) PASC ( n = 119) P Value 

Age, mean (SD), years 55.71 (6.48) 56.34 (7.11) .46 

Body mass index, mean (SD) 30.68 (4.88) 31.22 (4.55) .36 

( N ) % ( N ) % 

Gender 

Female (7) 5.11 (5) 4.20 .73 

Male (130) 94.89 (114) 95.80 

Ethnicity/race † 

White (111) 81.02 (98) 82.35 .34 

Black (4) 2.92 (0) 0.00 

Hispanic (9) 6.57 (9) 7.56 

Other/unknown (13) 9.49 (12) 10.08 

Educational attainment # 

> High school (3) 2.19 (5) 4.24 .50 

High school (26) 18.98 (20) 16.95 

Some college (68) 49.64 (62) 52.54 

University degree (36) 26.28 (29) 24.58 

Unknown (4) 2.92 (2) 1.69 

Underlying conditions 

Depression (12) 8.76 (19) 15.97 .08 

Diabetes (13) 9.49 (17) 14.29 .23 

Hypertension (43) 31.39 (50) 42.02 .08 

Hyperlipidemia (39) 28.47 (46) 38.66 .08 

Cardiovascular disease (17) 12.41 (27) 22.69 .03 

Lingering symptoms type $ 

Central nervous system - (48) 40.34 

Peripheral nervous system - (19) 15.97 

Muscular - (27) 22.69 

Psychiatric - (8) 6.72 

Fatigue - (50) 42.02 

Gastrointestinal - (6) 5.04 

Respiratory - (44) 36.97 

Other - (4) 3.36 

COVID-19 verification status 

Verified (79) 57.66 (78) 65.55 .20 

Unverified (58) 42.34 (41) 34.45 

COVID-19 severity categorization 

Mild (75) 54.74 (42) 35.29 < .01 

Moderate (57) 41.61 (48) 40.34 

Severe (5) 3.65 (29) 24.37 

Vaccination status at the onset of COVID-19 

Completed vaccinated (5)5.15 (7) 5.88 .35 

Incomplete vaccination (1)0.0 (1) 0.84 

Unvaccinated (125)90.44 (108) 90.75 

Unknown (6)4.41 (3) 2.52 

Vaccination status as of 12/2022 

Completed vaccinated (85) 63.04 (69) 57.98 .69 

Incomplete vaccination (12) 8.76 (12) 10.98 

Unvaccinated (30) 21.90 (32) 26.89 

Unknown (10) 7.30 (6) 5.04 

Hospitalization status & 

Hospitalized (2) 1.46 (21) 21.85 < .01 

Nonhospitalized (132) 96.35 (97) 78.15 

ICU admission status 

ICU admission (0) 0.0 (3) 1.92 .10 

No ICU admission (137) 100 (116) 98.08 

SD, standard deviation; COVID-19, coronavirus disease 2019. P -values comparing participants 

without PASC to those with long-COVID were derived from tests of proportions (Chi-squared) 

and from Student’s t-tests as appropriate; ICU, intensive care unit . Two-sided alpha = 0.05 was 

used to indicate statistical significance. 
∗ Among 276 COVID-19 group, 20 participants had unknown PASC status. 
† Other; included participant who declined to specify race or ethnicity. 
# One person has unknown educational status. 
$ Some participants reported more than 1 symptoms. 
& Missing hospitalization information on PASC (1) and non-PASC (3) groups. 

i  

v  

s  

t  

r  

f  

i

P

 

n  

t  

c  

a  
ng age, gender, race, BMI, education, diabetes, hypertension, cardio-

ascular disease, and hyperlipidemia, as well as depressive and PTSD

ymptoms. We included vaccination status and vaccination timing rela-

ive to the timing of infection in the descriptive analysis but not in the

egression analysis due to the small number of participants who were

ully vaccinated before the onset of infection. Analyses were performed

n STATA-17/MP (StataCorp). 
5

osthoc Power Analysis 

This study represents secondary data analysis of data examining cog-

itive functioning matched to the onset of an unexpected event during

he study completion, so sample sizes were not under the researcher’s

ontrol. Posthoc power analyses using simulations accounting for moder-

te intraindividual correlation in the outcome suggested that this study
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Figure 3. Trajectory plot showing expected throughput before and after the onset of COVID-19 symptoms (time 0). Expectations are stratified as SARS-CoV-2 infected 

(solid black line) and uninfected (black dashed line). 95% Confidence intervals are shown in translucent gray. The estimated model is 𝑌𝑖𝑡 = 5 . 85 − 0 . 014 ∗ 𝐴𝑖𝑡 − 0 . 146 ∗ 
𝐶19 𝑡 − [0 . 045 ∗ 𝐸𝐶19 − 0 . 004 ∗ 𝐸𝐶19 ∗ 𝑡 ] + 𝑋𝐵. Results captured by square brackets were not statistically significant. Results for all domains are shown in Table 3 . 

Abbreviations: cs, centi-seconds. 
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ould have power = 0.93 to detect a longitudinal change in throughput

ith a moderate (D > 0.2) effect size. 26 

esults 

After the application of inclusion/exclusion criteria, a total of 493

ligible participants were eligible for this study ( Figure 2 ). As shown in

able 1 , the infected and uninfected groups had similar demographics

nd health conditions at baseline. However, those who reported SARS-

oV-2 infections were younger (mean age = 56.0 years) compared to 58.1

ears in the control group ( P = .001). Both groups were made up of

aucasian men, and a majority had at least some college education.

hose who were included in the analysis did not differ from those who

ere excluded in any demographics but were less likely to be vaccinated

nd had more severe cases of COVID-19 (Supplemental Table 2). Only

9 subjects with COVID-19 history had complete and partial vaccination

t the onset of infection. 

A subgroup of 46.6% ( N = 119) of COVID-19 survivors reported

ASC. The PASC group had more cardiac disease before COVID-19 on-

et than those without PASC ( Table 2 ). Chronic fatigue (42.0%), cen-

ral nervous system (CNS) (40.3%), and respiratory symptoms (36.9%)

ere the most common PASC symptoms. Brain fog was included as a

NS symptom 95% of the time, some with other coexisting neurologi-

al symptoms. Symptoms persisted ≥ 1 year for 34.46% of participants

Supplemental Table 3). 

Longitudinal modeling identified slow cognitive aging over time

standardized regression coefficient 𝛽 = -0.253, P < .001; Figure 3
1 

6

hows results for cognitive throughput in the context of the rate of cog-

itive aging and the size of the impact of COVID-19 on cognition). When

odeling cognitive throughput, we found no difference in throughput

efore COVID-19 onset ( 𝛽3 = -0.016, P = .751), but identified a large

tatistically significant decrement in throughput among those who were

nfected ( 𝛽2 = -0.168, P = .001). Results are equivalent to an AEY of 10.6

ears of normal aging and 18 new cases of MCI (NOMCI = 59.8%) in

his sample. Similar results were also evident when examining changes

n visual memory ( 𝛽 = -0.150, P = .004; AEY = 16.51) but we did not

nd large and consistent differences when examining processing speed

r response speed ( Table 3 A). 

Next, we examined whether individuals reporting more severe

OVID-19 or the presence of PASC had evidence of a more rapid rate

f cognitive decline than those who only reported acute symptoms

 Table 3 B-E). Longitudinal results comparing functioning after the onset

f COVID-19 to pre-COVID-19 levels ( Table 3 B/C) suggested that cog-

itive deficits concentrated in PASC cases. While only reaction speed

as associated with the onset of acute COVID-19 but not with long-

erm COVID-19, in participants with PASC, we found significant decre-

ents across all four domains of cognitive performance after the onset of

OVID-19, with the largest decrements involving cognitive throughput

nd response speed. 

Analyses comparing mild with moderate/severe COVID-19 found

educed cognitive throughput and reaction speed compared with pre-

OVID-19 functioning in milder COVID-19 cases. However, more se-

ere COVID-19 cases showed larger decrements in cognition across

ll domains with foci in cognitive throughput and processing speed

 Table 3 ). 



Z. Sekendiz, O. Morozova, M.A. Carr et al. American Journal of Medicine Open 12 (2024) 100076

Table 3 

Longitudinal Degree of Association Between COVID-19 Onset Versus Cognitive Performance for the Whole Sample and Stratified by COVID-19 Severity and the 

Presence of Postacute Sequelae of COVID-19. 

A. Incidence of Any COVID-19 

Cognitive Domain Std. Coef. Age Eq. Yrs. Coef. Std. Err. P 

Throughput -0.168 10.59 -0.146 0.000 .001 

Visual memory -0.150 16.51 -0.023 0.008 .004 

Reaction speed -0.072 6.26 -0.084 0.001 .161 

Processing speed -0.074 6.73 -0.001 0.000 .154 

Subgroup Analyses 

Std. Coef. Coef. Std. Err. P 

B. Mild COVID-19 

Throughput -0.131 -0.130 0.051 .011 

Visual memory -0.078 -1.390 0.921 .132 

Reaction speed -0.206 -0.269 0.067 < .001 

Processing speed -0.081 -0.063 0.040 .116 

C. Moderate/Severe COVID-19 

Throughput -0.155 -0.190 0.063 .003 

Visual memory -0.108 -2.145 1.028 .037 

Reaction speed -0.129 -0.195 0.078 .013 

Processing speed -0.163 -0.172 0.055 .002 

D. Acute COVID-19 Alone 

Throughput -0.070 -0.687 0.506 .175 

Visual memory -0.043 -6.771 8.066 .401 

Reaction speed -0.133 -1.709 0.664 .010 

Processing speed -0.096 -0.845 0.454 .063 

E. Postacute Sequelae of COVID-19 

Throughput -0.203 -2.504 0.638 < .001 

Visual memory -0.142 -32.388 11.777 .006 

Reaction speed -0.188 -3.043 0.836 < .001 

Processing speed -0.121 -1.262 0.537 .019 

Note: All models adjusted for age, sex, race/ethnicity, educational attainment, hypertension, body mass, diabetes, post-traumatic stress symptoms, and depressive 

symptoms. P < .05, two-sided, was adopted as indicating significance. Abbreviations: COVID-19, Novel Coronavirus 2019; Std. Coef., standardized regression 

coefficient; Age Eq. Yrs., number of years of aging necessary to equal a similar level of cognitive decline as evident in COVID-19; Coef., regression coefficient; Std. 

Err., standard error; P, P -value. Trend-level P -values were determined using nonparametric trend tests. For emphasis, we showed statistically significant values in 
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n  
iscussion 

This study revealed a significant decrement in cognition among par-

icipants infected by SARS-CoV-2 consistent with previously reported

ognitive decline following many other infections, including but not

imited to West Nile, human immunodeficiency, hepatitis C, and chikun-

unya viruses. 27 Observing cognitive decline and incident mild cogni-

ive impairment (MCI) following SARS-CoV-2 infection helps to confirm

ausal associations between COVID-19 and reduced cognitive perfor-

ance, especially among those who have developed PASC. For exam-

le, among people who experienced symptomatic COVID-19, we found

vidence of lasting decline in cognitive functioning equivalent to 10.6

ears of normal aging and increased participants with MCI. These re-

ults imply an increase in cognitive dysfunction and poorer brain health

fter COVID-19, notably in those who experienced severe COVID-19 and

ASC. 

Throughput was significantly reduced with the onset of COVID-19

nd over the subsequent two years, yet we observed no additional de-

line in throughput in the control group during the same period. Our

esults indicate that cognitive decline was substantial but was only suf-

cient to cause MCI in a small number of people in midlife. Infec-

ion severity and cognitive function are well studied, 28 though their

mpact on CRCD remains inconclusive. Thus, a lack of conclusive re-

ults among in-hospital studies may emerge due to the lack of pre-

OVID-19 information necessary to differentiate CRCD from normal

ognitive aging. Usefully, our results are comparable to those in hos-

italized patients with PASC and agree with findings of cognitive im-

airment in mild COVID-19. 15 Results also concur with a Mendelian

andomization analysis that found that host genetic predisposition to

ARS-CoV-2 infection was connected to decreased cognitive function, 29 
7

onfirming that COVID-19 infection is a probable trigger of cognitive de-

line. 30 Studies relying on causal methodologies support the conclusion

hat SARS-CoV-2 infection causes cognitive decline and present the first

vidence that cognitive decline emerges concurrent with SARS-CoV-2

nfection. 

Slower response and processing speeds alongside poorer cognitive

hroughput and visual memory are domain-specific results and likely

ndicate executive dysfunction. Executive function domains include the

bility to store information in working memory while other cognitive

rocesses are occurring, switch attention quickly from one stimulus or

et of rules to another, inhibit impulsive responses, and track novel stim-

li and replace old information. 31 Response speed is crucial for prevent-

ng accidents and falls in older adults and processing speed can help

upport time-sensitive decision-making processes and working mem-

ry 31 and are therefore critical to financial decision-making in older

dults. 32 These domains represent changes in cerebral functioning in-

luding in the frontal and temporal lobes and the hippocampus. 33 , 34 

oincidentally, patients with severe COVID-19 have been found to have

ranscriptomic changes in their prefrontal cortex like those of older in-

ividuals. 35 Yet, response and processing speed are usually influenced

y white-matter dysfunction although in neuroinflammatory disorders,

rocessing dysfunction may additionally indicate difficulties in coordi-

ating activities in the brain stem and cerebellum. 36 Executive function

bnormalities can also be caused by lesions in the frontal lobes and other

reas of the brain and research suggests that diffuse white matter hyper-

ntensity volume may be more strongly associated with executive func-

ion impairments than localized lesions. 37 Future neuroimaging studies

re needed to isolate the nature and extent of these diseases. 

COVID-19 may induce serious behavioral issues and call for close

eurological and psychiatric monitoring due to the presence of neu-
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oinflammation in many neurodegenerative disorders. 38 Viral infections

an indirectly impact episodic memory and can also indirectly influence

emory via reduced attention or processing speed. 39 Several viruses are

hought to cause central nervous system damage in humans. Survivors of

erpes simplex virus encephalitis had long-term neuropsychiatric symp-

oms, with their development attributed to cytolysis and inflammation.

he human immunodeficiency virus is linked to neurocognitive disor-

ers. 40 Thus, further research is necessary to identify neurological mani-

estations of PASC attributed to various mechanisms including endothe-

ial disruption or neuroglial dysfunction. 41 

imitations 

Generalizability may be limited because the study population of es-

ential workers was mostly Caucasian men at midlife. Prior studies re-

ealed no correlation between the COVID-19 research findings and con-

itions related to prior occupational exposures. 17 Even though the ma-

ority of our patients contracted COVID-19 when alpha/beta variants

ere active and therefore contracted the virus before the COVID-19

accination campaigns, other studies have suggested that even patients

ith the Omicron variant reported possible CRCD. 42 Our control group

eported no influenza-like symptoms or positive COVID-19 test results

uring the study period but may have been asymptomatic or had a false

egative result that might bias the estimated effect sizes towards the

ull. CRCD has no effective therapies, though COVID-19 vaccination

ight mitigate some PASC symptoms both before and after contracting

OVID-19. 9 , 43 Only a small number of participants developed COVID-

9 after vaccination in this study thereby preventing us from studying

he potential protective effects of vaccination on CRCD. 

onclusion 

We found that COVID-19-related cognitive decline (CRCD) was ob-

ectively observed and was concentrated in those who were reporting

evere COVID-19 symptoms or the presence of PASC. These symptoms

ight qualify people for accommodations and disability payments un-

er the Americans with Disabilities Act making the question of the causal

ature of CRCD critical to policy makers. 44 In our study, we used a lon-

itudinal discontinuity approach, a type of causal modeling, 45 to show

hat COVID-19 was causally associated with cognitive decline equivalent

o 10.6 years of normal aging and with a 59.8% increase in the incidence

f MCI. PASC and severe disease appeared to accelerate cognitive deteri-

ration, especially in executive function. Cognitive decline affects daily,

ccupational, and social functioning, and finding the underpinnings of

RCD is crucial to mitigating its potential to reduce quality of life. 5 , 38 , 46 

his study suggests that even individuals with mild COVID-19, espe-

ially those who developed PASC, might need to be evaluated for cog-

itive decrements. Patients, notably those with PASC, should therefore

ndergo routine screening with tools capable of detecting slight cogni-

ive abnormalities. 
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linical Significance 

• In this study of essential workers, we identified large, statistically

significant, changes in cognitive performance after mild to moderate

COVID-19. 

• Decrements in cognition were concentrated in those who also re-

ported the presence of postacute sequelae of COVID-19. 

• Cognitive decline was evident in domains of response speed, pro-

cessing speed, and memory. 

• Cognitive decline attributable to COVID-19 infection in people with

PASC was similar in size to the effect of being 10.6 years older. 

eclaration of competing interest 

We have no financial conflicts of interest to disclose. 

RediT authorship contribution statement 

Zennur Sekendiz: Writing – review & editing, Writing – origi-

al draft, Validation, Supervision, Resources, Project administration,

ethodology, Investigation, Formal analysis, Data curation. Olga Moro-

ova: Writing – review & editing, Resources, Investigation, Funding ac-

uisition, Conceptualization. Melissa A. Carr: Writing – review & edit-

ng, Validation, Supervision, Project administration, Methodology, In-

estigation. Ashley Fontana: Writing – review & editing, Validation,

upervision, Project administration, Data curation. Nikhil Mehta: Writ-

ng – review & editing, Validation, Investigation, Data curation. Alina

li: Writing – review & editing, Validation, Investigation, Data curation.

ugene Jiang: Writing – review & editing, Validation, Investigation,

ata curation. Tesleem Babalola: Validation, Writing – review & edit-

ng. Sean A.P. Clouston: Writing – review & editing, Writing – original

raft, Visualization, Validation, Software, Methodology, Investigation,

unding acquisition, Formal analysis, Data curation, Conceptualization.

enjamin J. Luft: Writing – review & editing, Supervision, Resources,

roject administration, Formal analysis, Conceptualization. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at https://doi.org/10.1016/j.ajmo.2024.100076 . 

eferences 

1. Richard SA, Pollett SD, Fries AC, et al. Persistent COVID-19 symptoms at 6 months

after onset and the role of vaccination before or after SARS-CoV-2 infection. JAMA

Network Open . 2023;6(1):1–15 . 

2. Organization WH. A clinical case definition of post COVID-19 condition by a

Delphi consensus. Available at: https://www.who.int/publications/i/item/WHO-

2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1 . Accessed June

13, 2022. 

3. Ariza M, Cano N, Segura B, et al. COVID-19 severity is related to poor executive

function in people with post-COVID conditions. J Neurol . 2023;270(5):2392–2408 . 

4. Pandharipande P, Roberson SW, Harrison FE, Wilson JE, Bastarache JA, Ely EW. Mit-

igating neurological, cognitive, and psychiatric sequelae of COVID-19-related critical

illness. Lancet Respir Med . 2023;11(8):726–738 . 

5. Ceban F, Ling S, Lui LM, et al. Fatigue and cognitive impairment in post–

COVID-19 syndrome: a systematic review and meta-analysis. Brain Behav Immun .

2022;101:93–135 . 

6. Afsahi AM, Norbash AM, Syed SF, et al. Brain MRI findings in neurologically

symptomatic COVID-19 patients: a systematic review and meta-analysis. J Neurol .

2023;270:5131–5154 . 

7. Gonzalez-Fernandez E, Huang J. Cognitive aspects of COVID-19. Curr Neurol Neurosci

Rep . 2023;23(9):531–538 . 

8. Basagni B, Abbruzzese L, Damora A, et al. Cognition in COVID-19 infected patients

undergoing invasive ventilation: results from a multicenter retrospective study. Appl

Neuropsychol . 2023;2023:1–10 . 

9. 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 Region

Health West. Pacific . 2023;38:1–13 . 

0. Teodoro T, Chen J, Gelauff J, Edwards MJ. Functional neurological disorder in people

with long COVID: a systematic review. Eur J Neurol . 2023;30(5):1505–1514 . 

1. Apple AC, Oddi A, Peluso MJ, et al. Risk factors and abnormal cerebrospinal fluid

associate with cognitive symptoms after mild COVID-19. Annals Clin Translat Neurol .

2022;9(2):221–226 . 

https://doi.org/10.1016/j.ajmo.2024.100076
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0001
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0003
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0004
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0005
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0006
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0007
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0008
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0009
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0010
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0011


Z. Sekendiz, O. Morozova, M.A. Carr et al. American Journal of Medicine Open 12 (2024) 100076

1  

1  

1  

1  

 

1  

 

1  

 

1  

 

1  

 

2  

2  

 

2  

 

 

2  

 

2  

 

 

 

2  

2  

2  

2  

2  

3  

3  

 

3  

 

3  

 

 

3  

3  

 

3  

 

3  

3  

 

3  

 

4  

 

4  

4  

4  

4  

 

4  

4  

 

2. Henneghan AM, Lewis KA, Gill E, Kesler SR. Cognitive impairment in non-critical,

mild-to-moderate COVID-19 survivors. Front Psychol . 2022;13:770459 . 

3. Herrera E, Pérez-Sánchez MdC, San Miguel-Abella R, et al. Cognitive impairment in

young adults with post COVID-19 syndrome. Sci Rep . 2023;13(1):6378 . 

4. Burmester B, Leathem J, Merrick P. Subjective cognitive complaints and objective

cognitive function in aging: a systematic review and meta-analysis of recent cross–

sectional findings. Neuropsychol Rev . 2016;26:376–393 . 

5. Crivelli L, Palmer K, Calandri I, et al. Changes in cognitive functioning

after COVID-19: a systematic review and meta-analysis. Alzheimer’s Dement .

2022;18(5):1047–1066 . 

6. Clouston S, Pietrzak RH, Kotov R, et al. Traumatic exposures, posttraumatic stress

disorder, and cognitive functioning in World Trade Center responders. Alzheimers De-

ment . 2017;3(4):593–602. doi: 10.1016/j.trci.2017.09.001 . 

7. Lhuillier E, Yang Y, Morozova O, et al. The impact of World Trade Center related

medical conditions on the severity of COVID-19 disease and its long-term sequelae.

Int J Environ Res Public Health . 2022;19(12):1–15. doi: 10.3390/ijerph19126963 . 

8. Koyama AK, Hagan KA, Okereke OI, Weisskopf MG, Rosner B, Grodstein F. Evalu-

ation of a self-administered computerized cognitive battery in an older population.

Neuroepidemiology . 2015;45(4):264–272 . 

9. Clouston SAP, Kritikos M, Huang C, et al. Reduced cerebellar cortical thickness

in World Trade Center responders with cognitive impairment. Transl Psychiatry .

2022;12(1):107. doi: 10.1038/s41398-022-01873-6 . 

0. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity

measure. J Gen Int Med . 2001;16(9):606–613 . 

1. Weathers FW, Litz BT, Herman DS, Huska JA, Keane TM. The PTSD Checklist (PCL):

Reliability, Validity, and Diagnostic Utility. Annual Meeting of the International Society for

Traumatic Stress Studies ; 1993 . 

2. Morozova O, Clouston SAP, Valentine J, Newman A, Carr M, Luft BJ. COVID-

19 cumulative incidence, asymptomatic infections, and fatality in Long Island,

NY, January-August 2020: a cohort of World Trade Center responders. Plos One .

2021;16(7):e0254713. doi: 10.1371/journal.pone.0254713 . 

3. Clouston SAP, Denier N. Mental retirement and health selection: analyses

from the U.S. Health and Retirement Study. Soc Sci Med . 2017;178:78–86.

doi: 10.1016/j.socscimed.2017.01.019 . 

4. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive im-

pairment due to Alzheimer’s disease: recommendations from the National Insti-

tute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for

Alzheimer’s disease. Alzheimers Dement . 2011;7(3):270–279. doi: 10.1016/j.jalz.2011.

03.008 . 

5. Pigott TD. A review of methods for missing data. Educat Res Evaluat .

2001;7(4):353–383 . 

6. Aberson CL. Power analyses for detecting effects for multiple coefficients in regres-

sion. Stata J . 2018;14(2):389–397. doi: 10.1177/1536867x1401400210 . 

7. Peixoto VGM, Azevedo JP, Luz KG, Almondes KM. Cognitive dysfunction of chikun-

gunya virus infection in older adults. Front Psychiatry . 2022;13:823218 . 

8. May PE. Neuropsychological outcomes in adult patients and survivors of COVID-19.

Pathogens . 2022;11(4):465 . 
9

9. Tang C-M, Li GH-Y, Cheung C-L. COVID-19 and cognitive performance: a Mendelian

randomization study. Front Public Health . 2023;11:1–11 . 

0. Tavares-Júnior JW, de Souza AC, Borges JW, et al. COVID-19 associated cognitive

impairment: a systematic review. Cortex . 2022;152:77–97 . 

1. Sabhlok A, Malanchini M, Engelhardt LE, Madole J, Tucker-Drob EM, Harden KP.

The relationship between executive function, processing speed, and attention-deficit

hyperactivity disorder in middle childhood. Develop Sci . 2022;25(2):e13168 . 

2. van den Bogert AJ, Pavol M, Grabiner MD. Response time is more important than

walking speed for the ability of older adults to avoid a fall after a trip. J Biomech .

2002;35(2):199–205 . 

3. Bangma DF, Tucha O, Tucha L, De Deyn PP, Koerts J. How well do people living with

neurodegenerative diseases manage their finances? A meta-analysis and systematic

review on the capacity to make financial decisions in people living with neurodegen-

erative diseases. Neurosci Biobehav Rev . 2021;127:709–739 . 

4. Borders AA, Ranganath C, Yonelinas AP. The hippocampus supports high-precision

binding in visual working memory. Hippocampus . 2022;32(3):217–230 . 

5. Mavrikaki M, Lee JD, Solomon IH, Slack FJ. Severe COVID-19 is associ-

ated with molecular signatures of aging in the human brain. Nature Aging .

2022;2(12):1130–1137 . 

6. Kaskikallio A, Karrasch M, Koikkalainen J, et al. White matter hyperintensities and

cognitive impairment in healthy and pathological aging: a quantified brain MRI study.

Dement Geriatr Cognit Disord . 2020;48(5-6):297–307 . 

7. Skidmore ER, Eskes G, Brodtmann A. Executive function poststroke: concepts, recov-

ery, and interventions. Stroke . 2023;54(1):20–29 . 

8. de Erausquin GA, Snyder H, Carrillo M, et al. The chronic neuropsychiatric sequelae

of COVID-19: the need for a prospective study of viral impact on brain functioning.

Alzheimer’s Dement . 2021;17(6):1056–1065 . 

9. Möller M, Borg K, Janson C, Lerm M, Normark J, Niward K. Cognitive dysfunction in

post-COVID-19 condition: mechanisms, management, and rehabilitation. J Int Med .

2023;294(5):563–581 . 

0. e Silva NML, Barros-Aragão FG, De Felice FG, Ferreira ST. Inflammation at the

crossroads of COVID-19, cognitive deficits and depression. Neuropharmacology .

2022;209:109023 . 

1. Leng A, Shah M, Ahmad SA, et al. Pathogenesis underlying neurological manifesta-

tions of long COVID syndrome and potential therapeutics. Cells . 2023;12(5):816 . 

2. Yuan P, Bi Y, Luo Y, et al. Cognitive dysfunction of patients infected with SARS-CoV-2

omicron variant in Shanghai, China. Translat Neurodegen . 2023;12(1):1–3 . 

3. Zhao S, Toniolo S, Hampshire A, Husain M. Effects of COVID-19 on cognition and

brain health. Trends Cognit Sci . 2023;27(11):1053–1067 . 

4. Becker JH, Vannorsdall TD, Weisenbach SL. Evaluation of post–COVID-19

cognitive dysfunction: recommendations for researchers. JAMA Psychiatry .

2023;80(11):1085–1086 . 

5. Lee DS, Lemieux T. Regression discontinuity designs in economics. J Econ Lit .

2010;48(2):281–355 . 

6. Admon AJ, Iwashyna TJ, Kamphuis LA, et al. Assessment of symptom, disability,

and financial trajectories in patients hospitalized for COVID-19 at 6 months. JAMA

Network Open . 2023;6(2):1–13 . 

http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0012
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0013
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0014
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0015
https://doi.org/10.1016/j.trci.2017.09.001
https://doi.org/10.3390/ijerph19126963
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0018
https://doi.org/10.1038/s41398-022-01873-6
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0020
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0021
https://doi.org/10.1371/journal.pone.0254713
https://doi.org/10.1016/j.socscimed.2017.01.019
https://doi.org/10.1016/j.jalz.2011.\penalty -\@M 03.008
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0025
https://doi.org/10.1177/1536867x1401400210
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0027
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0028
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0029
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0030
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0031
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0032
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0033
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0034
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0035
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0036
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0037
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0038
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0039
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0040
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0041
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0042
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0043
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0044
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0045
http://refhub.elsevier.com/S2667-0364(24)00013-X/sbref0046

	Characterization of Change in Cognition Before and After COVID-19 Infection in Essential Workers at Midlife
	Introduction
	Methods
	Study Participants
	COVID-19 Severity
	Cognitive Functional Assessment
	Statistical Analysis
	Posthoc Power Analysis

	Results
	Discussion
	Limitations

	Conclusion
	Statement of Ethics
	Data Sharing Statement
	Clinical Significance

	Declaration of competing interest
	CRediT authorship contribution statement
	Supplementary materials
	References


