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Abstract

IMPORTANCE SARS-CoV-2 infection has been linked to neurotoxic effects and cognitive
deficits.

OBJECTIVE To determine whether decreases in cognitive function were accelerated after
SARS-CoV-2 infection compared with individuals not infected.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, prospective cohort study from 2016 to
2022 among 3525 participants alive on March 1, 2020, and enrolled in The Atherosclerosis Risk in
Communities (ARIC) study and the Collaborative Cohort of Cohorts for COVID-19 Research study
who completed a prepandemic cognitive assessment and a pandemic-era assessment of
SARS-CoV-2 infection. Final analyses performed in November 2024.

EXPOSURE SARS-CoV-2 infection determined via self-report of a positive SARS-CoV-2 test
or health care professional diagnosis of COVID-19, a positive SARS-CoV-2 antinucleocapsid
antibody response, or presence of an administrative code for COVID-19 on medical records.

MAIN OUTCOMES AND MEASURES A neuropsychological battery assessed multiple
cognitive domains, and a cocalibrated confirmatory factor analysis generated factor scores
for global cognitive function. The primary outcome was the rate of excess change in cognitive
function.

RESULTS The 3525 eligible participants had a mean (SD) age of 80.8 (4.7) years, 2085 (59.1%)
were female, 752 (21.4%) were Black, and 2773 (78.6%) were White. SARS-CoV-2 infection was
detected among 307 participants (8.7%), 103 of whom (33.6%) were hospitalized. Among
uninfected participants, the mean annualized change in cognitive function was −0.09 (95% CI,
−0.13 to −0.04). Compared with this rate, change was faster (β = −0.06; 95% CI, −0.09 to −0.02)
among participants hospitalized for infection, but not different from participants who were
infected but not hospitalized (β = 0.00; 95% CI, −0.02 to 0.03). The association among p
articipants hospitalized for infection was evident in the cognitive domains of memory and
executive function, but not language.

CONCLUSIONS AND RELEVANCE This cohort study of older participants found
accelerated decreases in cognition among individuals hospitalized for SARS-CoV-2
infection, but not nonhospitalized infection, in comparison with individuals not yet infected.
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Key Points
Question Is SARS-CoV-2 infection

and/or severity associated with

acceleration in changes in cognitive

function among older adults after

accounting for important prepandemic

confounders, including genetic risk for

cognitive decline?

Findings In this cohort study of 3525

participants, cognitive function

decreased more rapidly among

participants hospitalized for a SARS-

CoV-2 infection when compared with

participants not infected with SARS-

CoV-2. These findings were evident after

robust multivariable adjustment for

confounders.

Meaning These findings suggest that

avoiding severe SARS-CoV-2 infection

could help preserve cognitive function

among older adults.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2025;8(6):e2518648. doi:10.1001/jamanetworkopen.2025.18648 (Reprinted) June 30, 2025 1/14

Downloaded from jamanetwork.com by Oscar Bottasso on 07/02/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.18648&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.18648
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.18648&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.18648


Introduction

Persistent cognitive symptoms are frequently reported following SARS-CoV-2 infection.1-3 A recent
report observed that 45% of patients with prior COVID-19 self-reported brain fog, poor memory, or
reduced executive function continuing for at least 2 months after infection.4 To what extent SARS-
CoV-2 infection causes accelerated loss of cognitive function, particularly among adults at elevated
risk of dementia, is of clinical and public health concern.

While several studies have shown cognitive deficits following COVID-19,5-8 these reports have
key limitations that are relevant to their internal and external validity. Many lacked objective
preinfection cognitive assessments, which are necessary to untangle cause-effect relationships with
respect to rate of change in cognition over time. Prior work in the UK BioBank illustrated how
accounting for preinfection measures significantly altered the interpretation of the effect of infection
on brain structure.9 Several studies lacked uninfected comparison groups, precluding control for the
influence of pandemic period effects, such as social deprivation, which also could affect cognition.
Many studies did not account for the confounding effects of prepandemic health behaviors,
prevalent comorbidities, or apolipoprotein E (APOE) ε4 genotype, which has been previously
reported to both increase risk for severe COVID-1910 and enhance infection-related risk for incident
dementia.11 Finally, US-based studies have typically involved single center clinical samples (often case
series) with limited racial diversity.12-16

We leveraged a multiracial US community-based sample of late-life adults with robust,
longitudinal cognitive assessments, comprehensive confounder measurements, and systematic
SARS-CoV-2 ascertainment to examine the association between infection history and short-term
cognitive change. We hypothesized that SARS-CoV-2 infection would be associated with acceleration
in cognitive change, accounting for prepandemic cognitive status and factors that may jointly be
associated with infection susceptibility, cognition, and dementia risk.

Methods

The Atherosclerosis Risk in Communities (ARIC)17-19 Study is a prospective cohort study that
originally focused on the cause of atherosclerosis in a middle-aged sample of largely Black and White
participants. Between 1987 and 1989, ARIC enrolled 15 792 participants from 4 US communities
(Washington County, Maryland; Forsyth County, North Carolina; selected suburbs of Minneapolis,
Minnesota; and Jackson, Mississippi). ARIC participants who were alive on March 1, 2020, and
provided consent were eligible for SARS-CoV-2 ascertainment by the Collaborative Cohort of Cohorts
for COVID-19 Research (C4R) Study. Participants or their legal representative provided written
informed consent for all ARIC and C4R procedures. The ARIC and C4R studies were approved by the
institutional review boards at all study sites. Follow-up rates in relation to cognitive assessments
through ARIC visit 5 have been published.20 The present analysis uses visit 6 and visit 7 as the
baseline; inclusion criteria for the present analysis included completion of a prepandemic cognitive
assessment and assessment of SARS-CoV-2 infection status during the pandemic (eFigure 1 in
Supplement 1). Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines were used in the development of this manuscript.

SARS-CoV-2 Infection
Infection history was defined by a composite of (1) participant or proxy self-report of a positive SARS-
CoV-2 test or health care professional diagnosis of COVID-19, ascertained via standardized
questionnaires administered from May 13, 2020, to March 9, 2022; (2) positive SARS-CoV-2
antinucleocapsid antibody response, assessed via dried blood spot collected March 2 to August 6,
2021 (eMethods in Supplement 1); or (3) presence of the administrative code for COVID-19 (U07.1) in
any position on medical records19 from the period of May 13, 2020, to March 9, 2022. Hospitalized
infection was defined as an infection with (1) participant or proxy self-report of hospitalization for
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COVID-19, or (2) medical records for COVID-19 hospitalization (only 2 hospitalized infections were
self-reported without a medical record confirmation) (eFigure 2 in Supplement 1). Sensitivity
analyses were conducted after excluding cases identified via self-report alone (ie, no confirmation via
a positive COVID-19 test, medical record adjudication, or serology).

Cognitive Assessments
Details regarding the ARIC neuropsychological battery20 are provided in the eMethods in
Supplement 1. Participants completed a prepandemic in-person cognitive assessment during ARIC
visit 6 (2016-2017) or visit 7 (2018-2019) and a pandemic cognitive assessment during ARIC visit 8
(2020, modified phone-based assessment) and visit 9 (2021-2022, in-person) (eTable 1 in
Supplement 1). All 3525 participants provided 1 prepandemic cognitive assessment and 2802
provided 1 pandemic era assessment (1009 at visit 8 and 1793 at visit 9). When multiple
examinations were available, we preferentially used visit 7 (closest time point to the pandemic’s
beginning) and visit 9 (assessments were in-person and it allowed for the longest possible follow-up
time). Cocalibrated confirmatory factor analysis models21,22 generated factor scores for global
cognitive function and for language, memory, and executive function domains.

Covariates
As previously described,23 trained researchers collected covariates by administering validated
questionnaires about participant self-reported: (1) demographics, including age, sex (male or female),
race and center (race and center information were considered as proxies for socioeconomic status
combined into 1 variable due to collinearity of race and center in ARIC; categories were Black, North
Carolina; White, North Carolina; White, Maryland; White, Minnesota; Black, Mississippi), educational
attainment (<high school, high school or equivalent, or >high school), health insurance status at baseline
(present or absent as a proxy for socioeconomic status); (2) behavioral factors, including smoking and
alcohol use history (both categorized as current, former, or never); (3) comorbidity history (present or
absent at the last study visit) including diabetes, coronary heart disease, stroke, and hypertension. The
TaqMan assay (Applied Biosystems) assessed APOE ε4 carrier status (defined as having �1 APOE ε4 risk
alleles).23 All covariates were measured at either the study baseline visit in 1987 to 1989 (for non–time-
varying characteristics) or the closest prepandemic examination (for time-varying characteristics:
smoking, alcohol use, body mass index, blood pressure, and comorbidities).

Statistical Analysis
We estimated the association between SARS-CoV-2 infection and cognitive score change using a
linear mixed effects model that included infection status, time between cognitive assessments, and
an interaction between infection and time. Fully adjusted models additionally included covariates
and time × covariate interaction terms. A heterogeneous compound-symmetry variance-covariance
matrix was used based on model fit. We explored effect modification by race-center, APOE
genotype, diabetes, sex, education, and median age at baseline. We tested for differences between
subgroups by performing an independent t test of model-based estimates of the rate of cognitive
change in each stratum. Missing covariates (described in the prior section) were imputed using
multiple imputation by chained equations. Ten imputed datasets were generated following 100
burn-in iterations. Parameter estimates from models fit to imputed data were combined using
Rubin’s rule. eTable 2 in Supplement 1 presents characteristics of complete cases vs those with
imputed data. Sensitivity analyses were conducted in complete cases only. All analyses were
conducted using SAS version 9.4 (SAS Institute) in November 2024.

Results

Table 1 presents prepandemic characteristics of the 3525 eligible participants, by infection status at
the time of the pandemic cognition examination. Participants were a mean (SD) age of 80.8 (4.7)
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years, 2085 (59.1%) were female, 752 (21.4%) Black, and 2773 (78.6%) White. APOE ε4 allele carrier
status did not differ by infection history. The proportion of individuals who developed infection was
8.7% (307 of 3525), of whom 33.6% (103 of 307) were hospitalized. The low number of infections
was related to the relatively early timing of pandemic cognition assessment (90% before January 11,
2022). The median (range) time between baseline and follow-up cognitive assessments was 2.87
(0.65-6.10) years, and the median (range) time between date of infection and follow-up cognitive
assessment was 0.78 (0.00-2.59) years. A total of 87.5% of participants were vaccinated, although
only 55 infected individuals were vaccinated before their infection.

Table 1. Participant General Characteristics According to SARS-CoV-2 Status Among Participants Enrolled
in the Atherosclerosis Risk in Communities Study and the Collaborative Cohort of Cohorts for COVID-19 Research

Variable

Participants, No. (%)

All (N = 3525)
No infection
(n = 3218)

Infection without
hospitalization
(n = 204)

Infection with
hospitalization
(n = 103)

Age, y, mean (SD) (n = 3521) 80.8 (4.7) 80.8 (4.6) 80.3 (4.8) 81.2 (4.8)

Sex

Male 1440 (40.9) 1317 (40.9) 72 (35.3) 51 (49.5)

Female 2085 (59.1) 1901 (59.1) 132 (64.7) 52 (50.5)

Race and center

Black-Forsyth 73 (2.1) 65 (2.0) 3 (1.5) 5 (4.9)

Black-Jackson 679 (19.3) 617 (19.2) 34 (16.7) 28 (27.2)

White-Forsyth 794 (22.5) 731 (22.7) 45 (22.1) 18 (17.5)

White-Washington 923 (26.2) 811 (25.2) 82 (40.2) 30 (29.1)

White-Minneapolis 1056 (30.0) 994 (30.9) 40 (19.6) 22 (21.4)

Education (n = 3518)

<High school 412 (11.7) 351 (10.9) 33 (16.2) 28 (27.2)

High school 1459 (41.5) 1329 (41.4) 87 (42.6) 43 (41.7)

>High school 1647 (46.8) 1531 (47.7) 84 (41.2) 32 (31.1)

APOE ε4 allele carrier (n = 3309) 908 (25.8) 835 (25.9) 49 (24.0) 24 (23.3)

Smoking status (n = 3076)

Never smoker 1090 (35.4) 990 (35.3) 71 (38.8) 29 (33.7)

Former smoker 1807 (58.7) 1649 (58.7) 108 (59.0) 50 (58.1)

Current smoker 179 (5.8) 168 (6.0) 4 (2.2) 7 (8.1)

Alcohol use (n = 3496)

Never drinker 771 (22.1) 673 (21.1) 69 (34.0) 29 (28.4)

Former drinker 1001 (28.6) 904 (28.3) 55 (27.1) 42 (41.2)

Current drinker 1724 (49.3) 1614 (50.6) 79 (38.9) 31 (30.4)

Body mass index (n = 3461), mean (SD)a 28.1 (5.6) 28.0 (5.6) 28.7 (5.5) 29.2 (5.9)

Systolic BP (n = 3504), mm Hg, mean (SD) 134.77 (19.4) 134.68
(19.5)

135.06 (18.9) 137.17 (18.7)

Hypertension (n = 3472) 2735 (77.6) 2492 (77.4) 160 (78.4) 83 (80.6)

Diabetes (n = 3402) 1137 (32.3) 1021 (31.7) 67 (32.8) 49 (47.6)

CHD (n = 3461) 556 (15.8) 514 (16.0) 23 (11.3) 19 (18.4)

Stroke (n = 3516) 175 (5.0) 158 (4.9) 12 (5.9) 5 (4.9)

Cognitive diagnosis (n = 3514)

None 2664 (75.8) 2444 (76.2) 159 (78.7) 61 (59.2)

Mild cognitive impairment 576 (16.4) 533 (16.6) 23 (11.4) 20 (19.4)

Dementia 274 (7.8) 232 (7.2) 20 (9.9) 22 (21.4)

Length of time between assessments
(n = 2763), mean (SD)

2.75 (0.93) 2.72 (0.93) 3.14 (0.72) 3.15 (0.90)

GCFS, mean (SD)b −0.07 (0.95) −0.05 (0.94) −0.04 (0.94) −0.48 (1.20)

Memory score (n = 3506), mean (SD)b −0.01 (0.90) −0.01 (0.90) 0.00 (0.91) −0.23 (0.93)

Language score (n = 3520), mean (SD)b −0.09 (0.87) −0.08 (0.86) −0.07 (0.88) −0.43 (0.97)

Executive function score (n = 3434), mean (SD)b −0.09 (0.88) −0.09 (0.88) −0.05 (0.88) −0.34 (0.93)

Abbreviations: APOE, apolipoprotein E; BP, blood
pressure; CHD, congestive heart failure; GCFS, global
cognitive factor score.
a Calculated as weight in kilograms divided by height

in meters squared.
b Cognitive scores assessed at baseline.
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SARS-CoV-2 and Global Cognitive Function
The annualized rate of change in global cognitive function (in SD units) was −0.09 (95% CI, −0.13 to
−0.04) among uninfected participants and −0.10 (95% CI, −0.15 to −0.05) among infected
participants (excess change among the infected, −0.01; 95% CI, −0.03 to 0.01) (eTable 3 in
Supplement 1). Results were similar in a case-only analysis but when removing participants who only
self-reported an infection without a second confirmatory source of information, the rate of excess
change was modestly greater among infected individuals: −0.03 (95% CI, −0.05 to −0.00) (eTable 3
in Supplement 1). When separated by infection severity (Table 2), participants hospitalized for
infection had a faster rate of annualized change (excess change, −0.06; 95% CI, −0.09 to −0.02), but
participants with nonhospitalized infection did not (excess change, 0.00; 95% CI, −0.02 to 0.03).
Results were materially unchanged in analyses of complete cases only or after excluding participants
with an infection based on self-report alone (Table 2). Global cognitive function decreases were
greater among participants for hospitalized infection than those with nonhospitalized infection
(Table 2).

SARS-CoV-2 Infection and Cognitive Domains
As with global cognition, only hospitalized infection was associated with domain-specific cognitive
score changes. The annualized rate of change in executive function and memory scores were −0.04
(95% CI, −0.08 to 0.01) and −0.02 (95% CI, −0.07 to 0.04) among uninfected participants and −0.07
(95% CI, −0.13 to −0.02) and −0.07 (95% CI, −0.14 to −0.00) among hospitalized infected
participants, respectively (Table 3). The respective excess changes in executive function and

Table 2. Multivariable-Adjusted Association Between SARS-CoV-2 Severity and Change in Global Cognitive Function Score Among Participants Enrolled
in the Atherosclerosis Risk in Communities Study and the Collaborative Cohort of Cohorts for COVID-19 Research

Result

Model 1 (unadjusted) Model 2a

Annual changeb
Excess annual change
(vs no infection)c Annual changeb

Excess annual change
(vs no infection)c

Imputation analysis (n = 3525)

No infection −0.09 (−0.10 to −0.09) [Reference] −0.09 (−0.13 to −0.04) [Reference]

Infection, not hospitalized −0.09 (−0.11 to −0.06) 0.01 (−0.02 to 0.03) −0.08 (−0.13 to −0.03) 0.00 (−0.02 to 0.03)

Infection, hospitalized −0.15 (−0.19 to −0.12)d −0.06 (−0.10 to −0.02) −0.14 (−0.20 to −0.09)d −0.06 (−0.09 to −0.02)

Case only analysis (n = 2672)

No infection −0.09 (−0.10 to −0.09) [Reference] −0.10 (−0.14 to −0.05) [Reference]

Infection, not hospitalized −0.08 (−0.11 to −0.06) 0.01 (−0.01 to 0.04) −0.09 (−0.14 to −0.04) 0.01 (−0.02 to 0.03)

Infection, hospitalized −0.16 (−0.20 to −0.12)d −0.06 (−0.11 to −0.02) −0.15 (−0.21 to −0.09)d −0.05 (−0.10 to −0.01)

Excluding 117 infections classified based
on self-report alonee

No infection −0.09 (−0.10 to −0.09) [Reference] −0.09 (−0.13 to −0.04) [Reference]

Infection, not hospitalized −0.10 (−0.14 to −0.07) −0.01 (−0.05 to 0.03) −0.10 (−0.15 to −0.04) −0.01 (−0.05 to 0.02)

Infection, hospitalized −0.14 (−0.18 to −0.10) −0.05 (−0.09 to −0.01) −0.13 (−0.19 to −0.07) −0.04 (−0.08 to −0.00)

Imputation analysis (n = 3525)f

No infection NA NA −0.08 (−0.12 to −0.04) [Reference]

Infection, not hospitalized NA NA −0.08 (−0.13 to −0.03) 0.00 (−0.02 to 0.03)

Infection, hospitalized NA NA −0.13 (−0.19 to −0.07)d −0.05 (−0.09 to −0.01)

Abbreviation: NA, not applicable.
a Model 2 adjusts for age, sex, race-center, education, smoking, alcohol use, apolipoprotein E ε4 carrier status, body mass index, blood pressure, history of hypertension, coronary

heart disease, diabetes, and stroke.
b Annual change parameter estimates represent the overall annualized cognitive score change rate by infection status derived from the main effect of time + the interaction between

time and infection status.
c Excess annual change parameter estimates represent the excess change in cognitive scores associated with infection with or without hospitalization and are derived from the

interaction of follow-up time with infection.
d P < .05 for annual change in cognitive score between participants hospitalized for infection vs participants without hospitalized infection.
e No additional confirmatory test.
f Additional adjustment for baseline cognitive diagnosis.
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memory scores among the hospitalized infected individuals were −0.04 (95% CI, −0.08 to −0.00)
and −0.05 (95% CI, −0.10 to −0.00) (Table 3). Results were similar when comparing any infection vs
no infection (eTable 4 in Supplement 1) in analyses limited to complete cases or after excluding
participants with infections status based on self-report alone. Nonhospitalized infection was not
associated with cognitive change in any domain.

Effect Modification
Estimates stratified by race-center, APOE, diabetes, sex, education, and age are shown in the Figure
and eTable 5 in Supplement 1. There was modest evidence for greater associations between
hospitalized infection and cognitive change among participants with diabetes (vs no diabetes),
individuals with less than a high school education (vs >high school), and among Black participants
from the Forsyth County field center (vs White participants from the Forsyth County field center).
Findings for race-center should be interpreted cautiously as there were only 5 hospitalized infections,
producing wide confidence intervals, in the subgroup of Black participants from the Forsyth center
(Table 1; eTable 5 in Supplement 1).

Discussion

In this multicenter, cohort study of Black and White older adults in the US, persons hospitalized for
SARS-CoV-2 infection experienced larger decreases in global cognition than persons without prior
infection. These findings were associated with excess decreases in memory and executive function.
No meaningful acceleration in cognitive change was observed for the language domain. Cognitive
change among persons with nonhospitalized SARS-CoV-2 infection was similar to that observed
among persons without prior SARS-CoV-2 infection.

Prior studies conducted in Europe, South and Central America, Asia, and the US have reported
cognitive deficits following SARS-CoV-2 infection.5,24 Our study supports a cognitive association with
SARS-CoV-2 infection in cases requiring hospitalization, but not in milder cases managed at home
(although analyses excluding infections based on self-report alone did suggest a modest association

Table 3. Association Between SARS-CoV-2 Infection and Change in Cognitive Domains of Memory, Language, and Executive Function Among 3525 Participants
Enrolled in the Atherosclerosis Risk in Communities Study and the Collaborative Cohort of Cohorts for COVID-19 Researcha

Cognitive domain

Imputation analysis among n = 3525 Case-only analysis among n = 2672a

Annual changeb
Excess annual change
(vs no infection)c Annual changeb

Excess annual change
(vs no infection)c

Executive function

No infection −0.04 (−0.08 to 0.01) [Reference] −0.03 (−0.08 to 0.02) [Reference]

Infection, not hospitalized −0.04 (−0.09 to 0.01) −0.01 (−0.03 to 0.02) −0.04 (−0.10 to 0.01) −0.01 (−0.04 to 0.02)

Infection, hospitalized −0.07 (−0.13 to −0.02) −0.04 (−0.08 to −0.00) −0.08 (−0.15 to −0.02) −0.05 (−0.09 to −0.01)

Memory

No infection −0.02 (−0.07 to 0.04) [Reference] −0.02 (−08 to 0.04) [Reference]

Infection, not hospitalized −0.01 (−0.07 to 0.05) 0.01 (−0.02 to 0.04) 0.00 (−0.07 to 0.07) 0.02 (−0.01 to 0.05)

Infection, hospitalized −0.07 (−0.14 to 0.00)d −0.05 (−0.10 to −0.00) −0.07 (−0.15 to 0.01) −0.05 (−0.10 to 0.01)

Language

No infection −0.04 (−0.09 to 0.01) [Reference] −0.03 (−0.09 to 0.02) [Reference]

Infection, not hospitalized −0.06 (−0.11 to −0.00) −0.02 (−0.04 to 0.01) −0.05 (−0.11 to 0.01) −0.02 (−0.05 to 0.01)

Infection, hospitalized −0.04 (−0.10 to 0.02) 0.00 (−0.04 to 0.04) −0.02 (−0.10 to 0.05) 0.01 (−0.04 to 0.06)
a Results adjusted for age, sex, race-center, education, smoking, alcohol use, apolipoprotein E ε4 carrier status, body mass index, blood pressure, history of hypertension, coronary

heart disease, diabetes, and stroke.
b Annual change parameter estimates represent the overall annualized cognitive score change rate by infection status derived from the main effect of time + the interaction between

time and infection status.
c Excess annual change parameter estimates represent the excess change in cognitive scores associated with infection with or without hospitalization and are derived from the

interaction of follow-up time with infection.
d P < .05 for annual change in cognitive score between participants hospitalized for infection vs participants without hospitalized infection.
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for overall infection). This nuance may be attributable to several important strengths of our study,
which address existing knowledge gaps. First, most prior studies in the US were conducted within
clinically based samples, with small sample sizes (<100 participants) and very limited confounder
adjustment.12-16 Second, the largest study to date in the US that has reported associations between
SARS-CoV-2 infection and cognitive deficits included only those with prior SARS-CoV-2 infection and
compared cognition between participants with vs without evidence of postacute sequelae of

Figure. Association of SARS-CoV-2 Infection With Estimated Yearly Rate of Decline in Global Cognition Scores
Stratified by Age, Education, Sex, Diabetes, and Apolipoprotein E (APOE) Genotype
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Infection with hospitalization

Less than high school
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Infection without hospitalization
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–0.1

.001
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.001
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.002

.008
<.001
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.002

.006

.03
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.008

.007
<.001
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<.001

.01
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.002

<.001
.009
.045

.02

.06
<.001

.005

.01

.01
Results among 3525 participants enrolled in the
Atherosclerosis Risk in Communities Study and the
Collaborative Cohort of Cohorts for COVID-19
Research. Results supporting this figure are included
in eTable 5 in Supplement 1.
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COVID-1925 (PASC). Since PASC is often defined based on neurocognitive symptoms, treating PASC
as the exposure of interest (vs infection without PASC) limits causal inferences due to bias resulting
from shared criteria used to define both exposure and outcome. Third, most prior reports have often
relied on a single cognitive assessment completed during the pandemic era without consideration
of prepandemic cognitive status and therefore they could not directly study cognitive changes; our
approach directly informs cognitive changes. Fourth, we accounted for cognition-relevant behavioral
characteristics (eg, smoking and alcohol consumption), comorbidities (eg, cardiometabolic
conditions), and APOE risk alleles. Our ability to account for the role of APOE ε4 genotype in this
study is novel, as prior results on SARS-CoV-2 infection and cognition were potentially confounded
by APOE genotype. The APOE ε4 genotype is associated with increased risk for viral infections,26

including SARS-CoV-2,10 and is also a causal risk factor for Alzheimer disease.27 Finally, unlike many
prior studies, we included a large comparison group of individuals without known prior infection,
supported by objective serological testing. This reduces the possibility that pandemic-related factors
other than SARS-CoV-2 infection explained the more rapid longitudinal decreases in cognition
observed among hospitalized individuals.

While our study did not confirm an association of nonhospitalized infection with short-term
cognitive decline in older adults, potential causal effects of infection on cognition were not ruled out.
Our negative findings are consistent with a prior study from the United Kingdom that observed
cognitive deficits among nonhospitalized individuals with SARS-CoV-2 infection and persistent
symptoms at 12 or more weeks (vs an infection-free comparator)7 but not among participants with
infection symptoms resolving in less than 12 weeks. These findings suggest that mild infections do
not contribute to long-term cognitive deficits. In contrast, a recent study from England did report
cognitive deficits among individuals with symptoms persisting less than 12 weeks.6 However, the
deficits observed for mild infections were modest and the sample size of more than 100 000
provided statistical power to detect small effects whereas our current study is not powered to detect
equivalent effects. There are also many potential sources of heterogeneity in viral effects. These
include different viral variants, vaccination status, antiviral and supportive treatments, and
reinfections; our study was predominantly focused on first infections with pre-Omicron variants,
often before the broad availability of antivirals. Although we did not adjust for vaccination status,
more than 80% of infections occurred before vaccination in this cohort, reducing the potential for
vaccination to meaningfully explain the associations observed for infection. Finally, cognitive effects
of infection may be delayed beyond our study’s period of observation.

Although we showed a significant association between hospitalized infection and accelerated
cognitive decline, it is important to acknowledge that prior work has shown that hospitalization for a
range of infectious and noninfectious causes was associated with accelerated cognitive decline and
incident dementia.28-30 Whether SARS-CoV-2 infection initiates pathobiological processes
contributing to accelerated cognitive decline distinct from other causes of hospitalization remains
unclear. It is possible that the physiological conditions enabling SARS-CoV-2 to progress to a severe
state requiring hospitalization are the same conditions that increase susceptibility to accelerated
cognitive change. Alternately, hospitalization-related factors such as pharmacological treatments,
dietary changes, bed rest, or social isolation may contribute to cognitive changes. In this case, SARS-
CoV-2 would act as an upstream causal factor, but its effects would be indirectly mediated through
hospitalization-related mechanisms rather than directly mediated through viral exposure or immune
response.

SARS-CoV-2 infection has a plausible biological link to reduced cognitive functioning. Prior
studies suggest that SARS-CoV-2 can infect multiple tissues and cells across the body including brain
tissue, and viral persistence among patients who have recovered from COVID-19 is associated with
long COVID symptoms.31-36 The frequency of anosmia and ageusia, well-known hallmarks of SARS-
CoV-2 infection, emphasizes the virus’ ability to impact neurological function. Moreover, numerous
infections besides SARS-CoV-2 are linked to postacute infection syndromes,37 which include acute
and chronic cognitive deficits.38-40 Substantial evidence links chronic infections, such as Epstein-Barr
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virus and HIV, to chronic autonomic dysfunction and neurodegenerative diseases.41-45 The potential
role of β-amyloid in innate immunity provides another mechanistic explanation for our current
findings given its potential antimicrobial effects against various pathogens. Some postulate that
β-amyloid accumulation might be a protective acute response to pathogen colonization in the
brain.46-49 However, prolonged infection could result in pathological β-amyloid accumulation
resulting in diminished cognition. ARIC is currently conducting brain positron emission tomography
and magnetic resonance imaging studies. Once completed, analyzing these data in reference to prior
COVID-19 infection will help inform biological mechanisms.

We observed that the association between hospitalized SARS-CoV-2 and cognitive change was
greater among people with diabetes, lower educational attainment, or Black participants from the
Forsyth center. It is unclear what factors might explain these observations, and uncontrolled
confounding cannot be excluded. For example, participants with lower education may have less
social support and/or access to physical rehabilitation therapies following hospital discharge, limiting
their recovery. Careful interpretation for education and race-center findings is necessary due to wide
confidence intervals arising from the small number of hospitalized infections in key subgroups (eg,
only 5 participants hospitalized for infection in the Black-Forsyth group). It is also possible that our
assessments differentially estimate cognitive performance by race, although recent evidence
suggests that the global cognitive function score is less susceptible to this bias.50 Nevertheless,
future research and replication of these findings is necessary. In the case of diabetes, the potential for
biological interaction exists, given the known impairments in cognition, immunity, and healing
among people with diabetes. These heightened susceptibilities could synergize to produce
accelerated cognitive changes. Whether these subgroup findings are true or artifactual requires
further investigation.

Limitations
This study has limitations. Misclassification of infections is possible despite our use of multiple
sources of information about prior infection, including serology. For example, serological testing
might have occurred before an individual’s infection or long after their infection when antibody levels
waned and became undetectable. This would result in a misclassification of truly infected individuals
as not infected. Missing data could also bias our findings, particularly among small subgroups (eg,
participants with diabetes), although results from complete-case and multiple imputation analyses
were consistent. Additionally, although our design is prospective, we do not know whether the
modest relative reductions in cognitive scores following severe infection are transient or sustained
because we do not have exact dates of infection for all participants. In ARIC, we observed that
prepandemic hospitalized infections were associated with incident dementia during up to 32 years
of follow-up, which supports the premise that cognitive changes following COVID-19 might persist.11

Longitudinal studies with longer follow-up are necessary to inform this question.

Conclusions

In this study of a community-based, racially diverse cohort of older adults in the US, individuals
hospitalized for SARS-CoV-2 infection, but not nonhospitalized SARS-CoV-2 infection, experienced
accelerated decreases in global cognitive function scores. Our findings are consistent with prior work
suggesting that severe SARS-CoV-2 infection might impact short-term cognition. Our null findings
for nonhospitalized infection are consistent with some, but not all, of the prior literature, and warrant
additional investigation in large, US general population-based cohorts with longitudinal data on
cognition and potential confounders. Moreover, additional research is warranted to evaluate the
effect of SARS-CoV-2 infection and reinfection on risk of long-term cognitive outcomes.
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