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Describing cognitive function and psychosocial outcomes of
COVID-19 survivors: A cross-sectional analysis

Ashley M. Henneghan, PhD, RN, FAAN (Assistant Professor)1, Kimberly A. Lewis, PhD, RN (Nurse Scientist,
Postdoctoral Scholar)2,3, Eliana Gill, BSN, RN (Predoctoral Student, Registered Nurse)4,5, Oscar Y. Franco-
Rocha, BSN, RN (Registered Nurse)6, Ruben D. Vela, (Research Associate)7, Sarah Medick, MPH, RN (Graduate
Research Assistant)6, & Shelli R. Kesler, PhD (Associate Professor)8

ABSTRACT
Background: Neurological and psychological symptoms are increasingly realized in the post-acute phase of COVID-19.
Purpose: To examine and characterize cognitive and related psychosocial symptoms in adults (21–75 years) who
tested positive for or were treated as positive for COVID-19.
Methods: In this cross-sectional study, data collection included a cognitive testing battery (Trails B; Digit Symbol; Stroop;
Immediate and Delayed Verbal Learning) and surveys (demographic/clinical history; self-reported cognitive functioning
depressive symptoms, fatigue, anxiety, sleep disturbance, social role performance, and stress). Results were compared
with published norms, rates of deficits (more than 1 standard deviation (SD) from the norm) were described, and
correlations were explored.
Results: We enrolled 52 participants (mean age 37.33 years; 78.85% female) who were, on average, 4 months post illness.
The majority had a history of mild or moderate COVID-19 severity. Forty percent of participants demonstrated scores that
were 1 SD ormore below the population norm on one ormore of the cognitive tests. A subset had greater anxiety (21.15%),
depressive symptoms (23.07%), and sleep disturbance (19.23%) than population norms. Age differences were identified in
Stroop, Digit Symbol, and Trails B scores by quartile (p < .01), with worse performance in those 28–33 years old.
Conclusions: Cognitive dysfunction and psychological symptomsmay be present in theweeks ormonths after COVID-
19 diagnosis, even in those with mild to moderate illness severity.
Implications for practice: Clinicians need to be aware and educate patients about the potential late/long-term
cognitive and psychological effects of COVID-19, even in mild to moderate disease.
Keywords: Cognitive outcomes; COVID-19; executive function; psychological symptoms; survivors.
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Introduction
Growing evidence supports that persons diagnosed with
COVID-19 can exhibit ongoing physical, cognitive, and psy-
chosocial symptoms referred to as “post-COVID syndrome”
or “long COVID” (Oronsky et al., 2021). The majority of those
with symptomatic COVID-19 experience ongoing symptoms
2–6 months after initial infection (Carvalho-Schneider et al.,
2020; Datta et al., 2020; Davis et al., 2020; Huang et al., 2021).
Davis et al. (2020) reported that 96% of 3,762 surveyed sur-
vivors had symptoms beyond 90 days. Understanding the
late and long-termeffects of COVID-19 is critical because it is
estimated that 148,174,749 people worldwide have tested
positive for this virus (as of April 27, 2021 [Dong et al., 2020]).

Although COVID-19 is primarily thought of as a re-
spiratory disease, neurological involvement is now well
documented in hospitalized patients (Bougakov et al.,
2021). It is estimated that about 30–60% of patients exhibit
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neurological symptoms including loss of smell and taste,
headaches, dizziness, confusion, impaired level of con-
sciousness, ataxia, seizures, acute cerebrovascular illness,
and delirium (Alnefeesi et al., 2020; Bougakov et al., 2021;
Roman et al., 2020). The virus can access and interfere with
neurobiological functioning directly (Pero et al., 2020) as
well as indirectly via immune activation. Cytokine storms
and immunosuppression in the periphery can cause in-
flammatory dysregulation, leakage of the blood–brain
barrier and neuroinflammation (Bougakov et al., 2021;
Ogier et al., 2020; Oronsky et al., 2021; Pero et al., 2020).
Prothrombic states can lead to hypoxemia, cerebral mi-
crovascular damage, coagulopathy, and endothelial dys-
function that could affect neurobiology and associated
cognitive functioning (Miners et al., 2020; Moonis et al.,
2020). Neuroimaging data of inpatient COVID-19 patients
show acute cerebral infarcts, leukoencephalopathy, hyp-
oxic injury, demyelinating encephalomyelitis, and cranial
nerve enhancement (Moonis et al., 2020).

Neurological symptoms are becoming increasingly
realized in the post-acute phase of COVID-19, especially
those with severe infections requiring hospitalization. In
one study, one third of survivors 100 days post-COVID-19
complained of memory and concentration problems
(Garrigues et al., 2020). In another report, the majority of
3,762 survivors reported cognitive dysfunction 6 months
later (Davis et al., 2020). Less is known about underlying
mechanisms of cognitive abnormalities of survivors;
however, disrupted brain structure and function was
reported in 55% of survivors (n = 60) 3 months post-
infection (Lu et al., 2020).

There is also increasing evidence of persistent psy-
chological symptoms including anxiety, depression, in-
somnia, fatigue, and post-traumatic stress disorder (Willi
et al., 2021) in COVID-19 survivors. One study reported that
30% of survivors displayed clinical anxiety/depression up
to 3 months later (Tomasoni et al., 2020). Mazza et al.
(2020) reported that a significant portion of 402 adult
survivors had clinical levels of post-traumatic stress
disorder (28%), depressive symptoms (31%), insomnia
(40%), and anxiety (42%). Huang et al. (2021) reported that
fatigue, anxiety, and depression were among the most
common symptoms reported in their large sample of
survivors 6 months postdischarge.

In this pilot study, we examined and characterized
cognitive and related psychosocial symptoms in persons
who tested positive for or were treated as positive for
COVID-19. We aimed to 1) determine the feasibility of
recruiting COVID-19 survivors and remotely collecting
cognitive functioning (performance and perception) and
psychosocial symptoms (depressive symptoms, anxiety,
fatigue, sleep disturbance, social role performance, and
stress) and 2) to describe the cognitive functioning and
related psychosocial symptoms of survivors compared
with established population norms.

Materials and methods
The study was an observational, cross-sectional analysis.
The University of Texas at Austin Institutional Review
Board (IRB) provided oversight for all research proce-
dures related to this study (IRB ID: STUDY00000246). Re-
search was conducted in accordance with the Helsinki
Declaration. However, no personal health information
was collected; therefore, the IRB determined that in-
formed consent was not necessary.

Inclusion/exclusion criteria
Adults aged 21–75 years who tested positive for COVID-19,
or presumed positive by the medical team, were willing
and able to complete remote data collection (cognitive
testing; questionnaires) and who spoke English or Span-
ish were included. Persons with a pre-COVID diagnosis of
significant neurological disorders or active COVID-19 in-
fection were excluded.

Study procedures
Patientswere recruited fromacentral Texas hospital system
from January 2021 to February 2021. The hospital identified
positive COVID-19 cases that were admitted or assessed in
the emergency department between March 2020 and July
2020. Study flyers were directly mailed to these individuals
from the hospital research department, distributed through
the nursing department at this hospital, and through social
media postings. Those interested in participating contacted
our study team and were screened for eligibility.

Study data were collected andmanaged using REDCap
electronic data capture tools (Harris et al., 2009, 2019).
Questionnaires were administered via REDCap surveys in
either English or Spanish. After survey completion, in-
structions for the cognitive testing battery were sent. The
entire assessment battery took less than 1 hour to com-
plete, and participants were given a $25 gift card hono-
rarium for participation.

Outcome measures
Demographics, medical and COVID-19 clinical history. We
leveraged instruments that have been published by the
National Institutes of Health (NIH) to facilitate COVID-
19–related research (“NIH Public Health Emergency and
Disaster Research Response,” 2021). We used the UPenn
Patient Health - General Health Questionnaire to capture
participant’s health history, and the COVID-19
Experiences to measure COVID-19–specific diagnosis and
symptoms (see Supplementary Materials, Supplemental
Digital Content 1, http://links.lww.com/JAANP/A133 for
COVID-19 symptom and/or severity items). We added a
categorical question regarding receipt of a COVID-19
vaccine. We used the OSUMC Impact Questionnaire to
measure demographics (“NIH Public Health Emergency
and Disaster Research Response,” 2021).
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Cognitive functioning. We administered the BrainCheck
Memory battery (Yang et al., 2017), an Federal & Drug
Administration-approved and validated web-based
battery of cognitive tests, tomeasurememory (immediate
and delayed recognition), attention, and executive
functioning (Groppell et al., 2019). The battery requires
approximately 10 minutes to complete, is available in
both English and Spanish, and can be administered on
any computer. BrainCheck yields standardized scores
that are normalized for age and education.

The Patient-Reported Outcome Measures Information
System (PROMIS) Item Bank v2.0—Cognitive Function-
Short Form 8a (PROMIS Cognitive) was used to assess
perceived cognitive function using built-in REDCap scor-
ing. This validated (Jensen et al., 2017) 8-item scale as-
sesses frequency of cognitive symptoms and T scores
were used, with a mean of 50 representing the larger
general population and a 10-point standard deviation
(SD). Lower scores indicate worse cognitive functioning
(Cognitive Function, 2019).

Psychosocial symptoms. The PROMIS 57 Profile v2.0
(Cella et al., 2010) was administered to capture depressive
symptoms, fatigue, anxiety, sleep disturbance, and social
role performance. Each item has response options
ranging in from one to five. There are eight subscores for
this profile (pain and physical functioning are not
reported here). Raw scores were converted to T scores per
the PROMIS scoring tables, with 50 representing the larger
general population mean with a 10-point SD. For the
social role performance subscale, higher scores indicated
better performance. For anxiety, depressive symptoms,
fatigue, and sleep disturbance, higher scores indicated
worse symptoms or functioning (PROMIS Adults Profile
Instruments, 2020). The Perceived Stress Scale (PSS) was
used to measure stress (Cohen et al., 1983). Total scores
for this 10-item scale can range from 0 to 40, with higher
scores indicating more perceived stress.

Open-ended questions. In addition to the above instru-
ments, we asked questions regarding study burden and
what could be improved on to evaluate feasibility and
acceptability of this study.

Data analyses
The sample size reflects the primary aim of this study,
which was to determine the feasibility of recruiting
COVID-19 survivors and collecting all data remotely.

Feasibility. We calculated frequencies and descriptive
statistics to determine the number of potential partici-
pants screened and enrolled and the number of partici-
pants completing all data collection. Open-ended
questions regarding study burden and participant
suggestions were analyzed using qualitative content
analysis.

Cognitive and psychosocial outcomes. Descriptive statis-
tics were used to describe the demographic and clinical

variables of the sample. Distributions, central tendencies,
and frequencies were examined for the cognitive and
psychosocial outcomes. Correlations were also used to
explore the relationships between clinical and de-
mographic factors and cognitive functioning, psychoso-
cial symptoms in the sample (Pearson correlations for
continuous variables, Spearman rho for ordinal variables,
and Kendall tau for categorical variables). Alpha level was
set at p < .05.

Results
Sample
The 52 participants who enrolled and completed data
collection ranged in age from 22 to 62 years. The majority
were female (78.85%), identified as being
White/Caucasian (71.16%), with a Bachelor’s or higher
degree (69.23%), and weremarried or living with a partner
(57.68%). The majority reported mild or moderate COVID-
19 severity (n = 48, 92%), with an average of eight or more
(SD: 3.7) symptoms experienced across their illness. For
an overview of COVID-19 symptoms experienced by dis-
ease severity, see Supplemental Digital Content 1 (Fig-
ure 1, http://links.lww.com/JAANP/A133). The average
days since their most recent COVID-19 diagnosis was 120
(SD: 95). See Table 1 for demographic and clinical
variables.

Feasibility
A total of 116 participants contacted the study team with
interest in the study between January 4 and February 28,
2021. Fifty-seven participants (49%) agreed to participate
and were sent the study information. Of these partici-
pants, 52 completed all data collection (retention rate of
91.22%).

Responses to open-ended questions
The overall response to the study was positive. Ninety-
eight percent of those who answered would recommend
the study to someone they know. The majority of re-
spondents did not recommend any changes for im-
provement. Some offered suggestions—adding or
clarifying measures, strategies for recruitment of a di-
verse sample, study length, data collection strategies, and
adding a baseline, pre-COVIDmeasure for comparison, or
describing changes in outcomes over time.

Cognitive outcomes
Although mean BrainCheck scores were within what is
considered the normal range (Table 2), 40%of participants
demonstrated scores that were 1 SD or more below the
population norm on one or more of the cognitive tests
(Table 3). The largest number of participants performed
poorly on the Stroop test (30.77%), a measure of executive
functioning (Golden, 2005). The mean T score for PROMIS
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Table 1. Descriptive statistics of demographic and clinical variables for sample (N = 52)
Variable Mean (SD) Frequency (%) 25th % 50th % 75th %

Age 37.33 (12.12) 28 34 50

Non-White race/ethnicity 15 (28.85)

Female gender 41 (78.85)

Educational attainment

GED/high school 3 (5.76)

Associates 4 (7.69)

Bachelors degree 28 (53.84)

Graduate degree 8 (15.38)

Some college 6 (9.62)

Working remotely 12 (23)

Insured 49 (94.23)

Married/living with a partner 30 (57.68)

Enough money to pay bills 48 (92.30)

Income levels

$20,000–$34,999 7

$35,000–$49,999 5

$50,000–$74,999 8

$75,000–$99,999 8

$100,000–$199,999 14

$200,000 or more 5

Prefer not to answer 3

Days since diagnosis 120.25 (94.63) 39 84 212.5

COVID-19 severity

Milda 29 (55.77)

Moderateb 19 (36.54)

Severec 3 (5.77)

Criticald 1 (1.9)

1+ comorbidity 51 (98.1)

Immune-related comorbidity 28 (53.85)

Received COVID-19 vaccine 22 (44.3)

Total no. COVID-19–related symptoms 8.42 (3.7) 6 8 11

Note: Non-White includes anyone who identified as African America/Black; American Indian/Alaskan Native; Hawaiian/Pacific Islander, Asian American, Hispanic, or

Other. COVID-19 also called as SARS-CoV-2. GED = Graduate Equivalency Degree.
aMild illness (dry cough, headache, nausea/diarrhea, aches and pains, low-grade fever—no need to see a doctor or hospitalization).
bModerate illness (coughing, high fever [above 100.0˚ F or above 37.8˚ C], chills, feeling that you can not get out of bed, shortness of breath).
cSevere illness (breathlessness, complications leading to pneumonia).
dCritical illness (respiratory failure, septic shock, and/or organ dysfunction or failure).
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Cognitive (mean 43.24, SD: 8.65) was close to 1 SD below
the mean, and 30.77% reported cognitive deficits greater
than the norm (Table 3).

No significant correlations were found between the
cognitive tests and PROMIS Cognitive scores (p > .05).
Correlations were also examined among age, days since
diagnosis, symptom total, disease severity, and total
number of comorbidities, and all cognitive outcomes. One
significant correlation was found between PROMIS Cog-
nitive and symptom total (r = 20.31, p = .023), suggesting
that greater number of COVID-19 symptoms is related to
worse perceived cognitive functioning. The correlation
matrix can be found in Supplemental Digital Content 1
(Table 1, http://links.lww.com/JAANP/A133).

Psychosocial outcomes
Themean values of all PROMIS subscales were within 1 SD
of the general population mean; however, the ranges for
these subscales indicate that some participants had
much lower (and in some cases much higher) rates of
psychosocial symptoms. Some had greater anxiety
(21.15%), depressive symptoms (23.07%), and sleep dis-
turbance (19.23%) than the general population norm
(Table 4).

Correlations were also examined among some of the
demographic and clinical variables (age, gender, non-
White race/ethnicity, years of education, income greater
than $100K/year, number of comorbidities, days since
diagnosis, symptom total, and disease severity), the
PROMIS measures, and the PSS. For demographic vari-
ables, relationships were identified between age and
PROMIS Fatigue (r = 20.28, p < .05), PROMIS Social Role
Performance (r =20.40, p < .01) and PSS (r =20.34, p < .05);
number of comorbidities and PROMIS Sleep Disturbance
(Kendall Tau = 20.25, p < .05); and income greater than

$100K/year and PROMIS Fatigue (Kendall Tau = 0.29, p <
.05). For clinical variables, significant correlations were
found for symptom total and PROMIS Depressive (r = 0.31,
p < .05), PROMIS Fatigue (r = 0.30, p < .05), PROMIS Sleep
Disturbance (r = 20.39, p < .01), PROMIS Social Role Per-
formance (r = 0.31, p < .05), and PSS (r = 0.32, p < .05). See
Supplemental Digital Content 1 (Table 2, http://links.lww.
com/JAANP/A133) for correlation matrix.

Post hoc analyses
Our descriptive statistics led us to explore group differ-
ences in rates of cognitive deficits (presence of one or
more score below SD of population norm = 1, no scores
below SD of population norm = 0) and individual cognitive
outcomes using x2 test for categorical variables, and
Student t-test (for two groups) or ANOVA (for more than
two groups) for continuous variables.

No group differences in rates of cognitive deficits were
found between those who identified as White versus
those who identified as non-White (x2 = 0.001, p = .97);
those who identified as female versus those who identi-
fied as male (x2 = 0.15, p = .70); among quartiles of time

Table 2. Descriptive statistics for standard scores of cognitive measures (N = 52)

Cognitive Measure Valid Mean SD Minimum Maximum
No. Scores Below 1 SD of
the Population Norm

% of Scores Below 1 SD of
the Population Norm

Trails B 50a 104.86 11.86 62 132 4 7.69

Digit Symbol 52 102.96 14.12 64 137 6 11.54

Stroop 52 94.21 20.70 41 136 16 30.77

Immediate recall 52 105.52 12.75 58 117 3 5.77

Delayed recall 52 103.90 17.4 27 117 7 13.46

PROMIS Cognitive
Function

52 43.24 8.65 25.4 63.9 16 30.77

Note: Trails B—mental flexibility, Digit Symbol Substitution, Stroop—executive functioning, Immediate and delayed memory with a verbal learning test. Standardized

scores used—mean score of the population is 100 (SD: 15), and higher scores are better. The PROMIS cognitive function scale scores are T scores standardized with

a mean of 50 (SD: 10), and higher scores are better. PROMIS = Patient-Reported Outcome Measures Information System.
aTwo participants “timed out” of taking the Trails B, taking more than the given time to complete the test.

Table 3. Total number of cognitive test scores
below 1 SD (15 points) of the population norm
No. Test Scores Frequency Percent

0 31 59.615

1 12 23.077

2 5 9.615

3 2 3.846

4 2 3.846
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since COVID-19 diagnosis (x2 = 3.27, p = .35) or between
groups based on disease severity (x2 = 1.63, p = .65). No
group differences in individual cognitive outcomes for
these same-group comparisons (Student t-tests p
values > .05).

No group differences in rates of cognitive deficits were
found by age group quartiles (first: ages 22–27 years; second:
ages 28–33 years; third: ages 34–49 years; and fourth: ages
50–62 years; x2 = 4.24, p = .24); however, some differences
were identified when we examined individual cognitive
scores. Significant age differences were identified in Stroop
(F(3,48) = 4.63, p = .006, h2 = 0.225), Digit Symbol (Kruskal–
Wallis statistic (df 13) = 13.6, p = .004), and Trails B (F(3,46) =
4.63, p = .006, h2 = 0.193). Post hoc Tukey t-tests of Stroop
showed a significant difference between second and third
quartiles (mean difference = 227.55, standard error = 7.52,
t =23.66, Cohen D =21.46, p = .003); of Digit Symbol showed
significant difference between second and third quartiles
(mean difference = 218.94, standard error = 5.11, t = 23.71,
CohenD=21.32,p = .003); andof Trails B showedasignificant
difference between second and third quartiles (mean
difference = 214.40, standard error = 4.40, t = 23.27, Cohen’s
D = 21.06, p = .011; Table 5).

For consistency, we examined age group differences in
the psychosocial variables using ANOVA tests but found
no significant group differences (p > .05).

Discussion
In this pilot study, we determined the feasibility of
recruiting COVID-19 survivors from a community setting
and assessing their cognitive and psychosocial func-
tioning using remote data collection. We were able to
recruit approximately half of the participants who

expressed interest in our study and of those who en-
rolled, almost all completed data collection over the
course of 2 months. Those who did not enroll, never
responded to the study teams’ communications, so it is
unclear why they did not enroll. Participants’ feedback
also supported that the study was feasible and accept-
able. Our findings provide new evidence that cognitive
dysfunction and psychological symptoms (anxiety, de-
pressive symptoms, and sleep disturbance) may be pre-
sent in the weeks or months after COVID-19 diagnosis.

The majority of neurologically focused COVID-19
research to date has focused on those with severe
COVID-19 infections, typically requiring hospitalization.
Our findings add preliminary insights regarding those
who had mild or moderate disease not requiring hos-
pitalization. Consistent with other reports of COVID-19
survivors’ cognitive function (Ferrucci et al., 2021;
Gennaro et al., 2021; Helms et al., 2020; Zhou et al., 2020),
we found that a subset of survivors demonstrated
poorer performance on cognitive tests adjusted for age
and education. Our findings are similar to Helms et al.
(2020) and Zhou et al. (2020), who reported deficits in
survivors compared with matched controls, but lower
than Gennaro et al. (2021) and Ferrucci et al. (2021), who
found higher rates of deficits in survivors (60–78%).
Similar to Helms et al. (2020) and Gennaro et al. (2021),
we found more deficits in the cognitive domain of ex-
ecutive functioning; however, this pattern is different
than Zhou et al. (2020), who reported deficits in sus-
tained attention but not executive functioning in a
sample of 29 survivors, and from Ferrucci et al. (2021),
who found significant deficits in processing speed and
memory in a sample of 38 survivors.

Table 4. Descriptive statistics for standard scores of psychosocial measures (N = 52)

Psychosocial Measure Valid Mean SD Minimum Maximum

No. Scores Above or
Below 1 SD of the
Population Norm

% of Scores Above or
Below 1 SD of the
Population Norm

PROMIS Anxiety 52 50.42 9.68 38.2 68.7 11 21.15

PROMIS Depressive
Symptoms

52 53.44 10.03 33.1 77.8 12 23.07

PROMIS Fatigue 52 51.14 7.61 35.3 67.4 6 11.54

PROMIS Sleep
Disturbance

52 50.49 9.33 25.9 65.4 10 19.23

PROMIS Social Role
Performance

52 56.45 10.27 37.1 73 4 7.69

Perceived Stressa 52 17.5 8.59 1 34 — —

Note: For Anxiety, Depressive, Fatigue, and Sleep Disturbance, a T-score of 60 is 1 SD worse than average. For Social Role Performance, a T-score of 60 is 1 SD

better than average. PROMIS = Patient-Reported Outcome Measures Information System.
aNo published norms for the Perceived Stress Scale.
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The difference in our findings could be due to sample
sizes and characteristics—our sample was younger and
mostly female. It is possible that different patterns of cog-
nitive deficits could emerge with different gender and/or
age distributions. Also, our differences could be due to
cognitive measurement. We used computerized versions of
well-known neuropsychological tests that have been vali-
dated in both general and clinical populations (Groppell
et al., 2019; Yang et al., 2017). Tests delivered without su-
pervision and via internet browser are different from tests
administered by trained professionals and could yield dif-
ferent results. Our cohort was also highly educated (almost
70% had college degrees), which canmask cognitive deficits
because of increased cognitive reserve (Corral et al., 2006).

We did not identify group differences in cognitive out-
comes (i.e., gender, minority status, educational attain-
ment, time since diagnosis, and COVID-19 severity), unlike
previous findings that survivors had different cognitive
outcomes when grouped by gender and illness severity
(Hu et al., 2020). This could be a function of our sample size
and/or unequal distribution for statistical tests. We did
find a pattern of worse performance in younger versus
older survivors in our sample, but the relationship be-
tween age and cognitive function appears nonlinear.When
we dichotomized the sample into younger survivors (age
22–33 years) and older survivors (age 34 years or older), the
pattern remained (Student t-test in Supplemental Digital
Content 1 [Table 3, http://links.lww.com/JAANP/A133]).
These findings are unexpected because, in general, older
age is a risk factor for cognitive decline, and in COVID-19
survivors 5 months postinfection. Ferrucci et al. (2021) de-
scribed the opposite pattern of worse verbal memory in
survivors >55 years old. It is possible that younger adults
with COVID-19 have neurological vulnerability that we do
not currently understand.

When the pandemic began, it was believed that young
and healthy individuals were not at risk of developing

symptomatic disease. Therefore, those in this age group
may not have taken the same precautions as older adults
and may have had more exposure to the virus. Similarly,
many frontline workers (e.g., health care providers,
teachers, civil servants) fall in this age group and thus are
at higher risk for exposure. Pandemic age distributions
from June to August 2020 showed highest rates of con-
firmed cases and 20% of new cases of COVID-19 in per-
sons 20–29 years of age (Boehmer et al., 2020). We did not
identify any significant clinical or demographic differ-
ences to explain the differences in cognitive outcomeswe
found between the younger and older survivors, but we
discovered that more of the participants in the younger
group were frontline workers, mainly nurses, through
examination of open-ended question responses (15 of
the 25 younger survivors compared with seven of the 20
older survivors; x2 = 6.18, p = .013). It is possible that in-
creased exposure to the virus, higher viral load, other
immune-related responses, or environmental factors are
underlying mechanisms of the increased cognitive defi-
cits seen in this group.

Approximately 30% of our sample perceived they had
worse cognitive function than the general population.
This is consistent with Ferucci et al. (2021) who also
reported that COVID-19 survivors 4–5 months after hos-
pital discharge described increased forgetfulness (26%),
needing increased time to perform cognitive tasks (23%),
and difficulty learning new things (20%). Similar to ob-
jective cognitive performance, we found a pattern of
worse perceived cognitive functioning in younger survi-
vors, which were related to COVID-19 symptom load, but
no other clinical or demographic variables in this study.
Few correlations among the cognitive outcomes and
clinical and demographic variables could be due to the
high variability in these measures, especially age and
time since diagnosis, and power. We also found no cor-
relations between perceived cognitive function and the

Table 5. Age group differences (quartiles) in cognitive scores evaluated parametrically with ANOVA
and nonparametrically with Kruskal–Wallis Statistic
Cognitive Test ANOVA F Statistic p-Value Effect Size (h2)

Delayed Recall 0.65 0.17 0.039

Immediate Recall 5.63a 0.13 —

Stroop 4.63 0.006 0.225

Digit Symbol 13.6a 0.004 —

Trails B 3.66 0.019 0.193

PROMIS Cognitive 0.62 0.60 0.037

Note: Age quartiles: first includes ages 22–27 years; second includes ages 28–33 years; third includes ages 34–49 years; and fourth includes ages 50–62 years.

PROMIS = Patient-Reported Outcome Measures Information System.
aSignificant Levene test found for ANOVA test, nonparametric Kruskal–Wallis statistic used instead.
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cognitive tests. Previous studies on cognitive function in
COVID-19 survivors (Ferrucci et al., 2021; Gennaro et al.,
2021; Zhou et al., 2020) did not examine (or report) rela-
tionships between self-report measures and cognitive
test scores. However, this disassociation is common in
other clinical populations such as oncology (Bray et al.,
2018).

Expanding on previous findings of COVID-19 survivors
(Gennaro et al., 2021; Guo et al., 2020; Hu et al., 2020;
Tomasoni et al., 2020), we found rates of anxiety, de-
pression, and sleep disturbance higher than the general
population in approximately 20% of our sample. Gennaro
et al. (2021) reported that 35% of COVID-19 survivors had
clinically relevant self-reported depressive symptoms,
anxiety, symptoms of post-traumatic stress and
obsessive–compulsive disorder, up to 3 months after
hospital discharge with a trend for improvement in
symptoms over time. Another group (Tomasoni et al.,
2020) reported that 30% of patients 1–3 months after viral
clearance displayed pathological anxiety/depression.
When compared with non-COVID control groups, Guo
et al. (2020) found that survivors who had a history of mild
disease (average age of 42 years) had significantly higher
levels of depression, anxiety, and post-traumatic stress
symptoms (p < .001). Both Mazza et al. (2020) and Matalon
et al. (2021) reported trends in improvement of depressive
symptoms and anxiety in COVID-19 survivors over time,
which could explain our lower rates of psychosocial
symptoms because our sample was even longer
postrecovery.

We also identified some correlations among the psy-
chosocial symptoms and demographic and clinical vari-
ables. In this sample, younger age was related to more
stress and fatigue, and older age was associated with
social role performance. This could be a function of work-
related factors—our younger sample comprised mostly
frontline workers and thus likely more stressed and fa-
tigued. We also found that income less than $100K/year
was associated with greater depressive symptoms. Other
studies with COVID-19 survivors reported correlations
between psychosocial symptoms, gender, and perceived
illness severity (Hu et al., 2020). We did not find any
gender differences in our psychosocial outcome mea-
sures, but we did find that more COVID-19–related
symptoms were associated with more depressive symp-
toms, fatigue, and perceived stress, similar to Tomasoni
et al. (2020) and Huang et al. (2021) who reported higher
proportion of physical symptoms in survivors with ab-
normal anxiety and/or depressive symptoms than those
with without.

Our findings expand on neurocognitive findings in
COVID-19 survivors and add new data on possibly cogni-
tive vulnerability in survivors of mild tomoderate disease
severity (not requiring hospitalization) and younger
adults. These findings could have important clinical and

public health implications because themajority of COVID-
19 cases are not severe, and according to the Centers for
Disease Control and Prevention incidence of COVID-19
continues to be the highest in young adults (ages 18–24
years; [COVID-19 Stats: COVID-19 Incidence,* by Age
Group†—United States, March 1–November 14, 2020,
2021]). True incidence rates of nonsevere disease are
likely much higher because seropositive surveys in the
U.S. and Europe estimate that true exposure to SARS-CoV-
2 is 10-fold the rates of those actually diagnosed and
reported (Havers et al., 2020; Stringhini et al., 2020). Cog-
nitive deficits are important in this younger age group
who are at a critical developmental life stage—launching
careers, starting families, and establishing stability. Fur-
thermore, many frontline workers fall within this age
group (Carvalho-Schneider et al., 2021).

Even though our findings provide new insights on
younger COVID survivors and those without severe dis-
ease, study limitations must be considered. We did not
have a pre-COVID baseline of cognitive or psychosocial
functioning, therefore we cannot determine if deficits
existed before COVID exposure. We also did not have a
matched non-COVID control group to determine if deficits
were unique to COVID-19 exposure or broader societal
changes due to the pandemic. Our sample was small and
heterogenous, limiting internal validity, and our analyses
were cross-sectional, limiting causal inference. Our
sample included only voluntary responders; therefore,
there was recruitment bias, and a larger proportion of the
sample were health care/frontline workers representing
bias of prior knowledge of COVID-related symptoms. Fu-
ture studies should include matched healthy controls for
comparison, more clinical/biological data to investigate
biological mechanisms, a longer follow-up assessment,
and neuroimaging data to explore neural architecture
and functioning in prospective assessment of largermore
balanced samples of COVID survivors. Evidence of ongo-
ing cognitive dysfunction after COVID-19 is growing, yet
many questions remain as to who is likely to develop
cognitive dysfunction and what are the underlying
mechanisms. Health care providers need to be aware of
the neurocognitive sequelae of COVID-19 and educate
patients about potential late/long-term cognitive effects,
even in patients with mild to moderate disease.
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