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Abstract.

Background: A 76-year-old male Veteran with a historical diagnosis of mild cognitive impairment was assessed at baseline
and follow-up as part of two separate, ongoing studies. He was diagnosed with COVID-19 during the interim.

Objective: To report potential effects on cognitive and functional abilities measured before and after contracting COVID-19.
Methods: The patient was administered a series of cognitive tests and self-report procedures assessing cognitive, functional,
and neuropsychiatric status.

Results: Overall, no discernable pattern of cognitive changes between pre-COVID and post-COVID assessments were noted.
Only mild increases in agitation, depression, and irritability were noted on a self-report measure. However, this particular
subject has relatively ideal psychosocial circumstances in comparison to the typical older adult Veteran male. It is hypothesized
that improved psychosocial conditions will result in less negative cognitive and functional outcomes for older adults diagnosed
with COVID-19.

Conclusion: High levels of resilience, social support, and exercise, coupled with lower levels of perceived stress and loneliness
may serve as protective factors against cognitive and functional decline in older adults who contract COVID-19.
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systems worldwide. On October 25, 2021, there were
243,260,214 confirmed global cases with 4,941,039
recorded deaths according to the World Health
Organization [1]. The economic, sociocultural, and
psychological impact has been immense. Elevated
levels of anxiety, depression, posttraumatic stress dis-
order, psychological distress, and stress related to the
COVID-19 pandemic have been reported in several
countries [2]. The mental health impact seems clear
and far reaching. What is less clear is the extent of
the impact of COVID-19 infection on cognition.

Information regarding cognitive impairments fol-
lowing symptomatic contraction of COVID-19 and
subsequent recovery has been mixed. Cognitive
impairment has been hypothesized to be a deleteri-
ous effect resulting from the immunoinflammatory
process in other viral infections [3]. The COVID-
19 virus may also enter the central nervous system
(CNS) through the nasal mucosa and olfactory fibers,
potentially infecting neurons [4]. The neuropatholog-
ical mechanisms by which COVID-19 may lead to
neuronal injury include hypoxia (e.g., secondary to
pneumonia and concomitant peripheral vasodilation
and hypercarbia) and immune mediated injury (e.g.,
increased levels of inflammatory cytokines and vas-
cular leakage secondary to Interleukins 6 release).
This may lead to encephalopathy and delirium with
other complications such as cerebrovascular accident,
Guillian-Barré syndrome, acute transverse myelitis,
and acute encephalitis [5]. Delirium is among the
most common sources of cognitive impairment in
the acute stages of the disease. Individuals with
COVID-19 are at increased risk for delirium due to
factors such as direct CNS invasion, CNS inflamma-
tory mediators, organ failure, sedative administration,
prolonged mechanical ventilation, immobilization,
and social isolation [6]. Cognitive sequelae have
also been reported following recovery from COVID-
19. Zhou et al. [3] found evidence of impairments
in sustained attention as measured by a continu-
ous performance task in a population of recovered
COVID-19 patients. Impaired cognitive performance
has also been measured several months following
hospital discharge, including increased fatiguability,
decreased processing speed, and deficits in concen-
tration and memory [7]. A systematic review of 33
studies examining recovered or recovering COVID-
19 patients found elevated rates of depression,
anxiety, fatigue, sleep disruption, and posttraumatic
stress. Deficits in attention, executive functioning,
and memory were most consistently reported across
studies [8].

While several articles have been published regard-
ing possible cognitive impact following COVID-19
exposure, none, to the knowledge of this author, have
had objective cognitive data before and after expo-
sure available for comparison. The aim of this paper
is to present a case study in which cognitive data
was collected before and after COVID-19 infection.
Of note, this data was derived from two indepen-
dent studies. It was an adventitious occurrence that
a participant contracted COVID-19 independently
between cognitive evaluations. The measurements
obtained are idiosyncratic to those studies and do not
provide an ideal assessment of the full range of cog-
nitive domains. However, we argue that there are still
valuable inferences to be extrapolated regarding the
cognitive impact of COVID-19. Further, the present
case possesses relatively pristine psychosocial cir-
cumstances toward which outcomes of older adults
with greater psychosocial challenges may be com-
pared. It has been demonstrated in several studies that
psychosocial factors such as self-efficacy [9], positive
affect [10], social engagement [11, 12], and social
support [13] have a protective effect on cognition later
in life.

CASE DESCRIPTION

Mr. A is a 76-year-old, married, Caucasian, male,
Veteran with 15 years of formal education living at
home with his spouse in a rural area with low access
to care (i.e., 79 miles from VA medical center). He
is currently retired from a position in law enforce-
ment/criminal justice. He was recruited to participate
in two separate research studies from which the
present data was obtained. Informed consents were
obtained from the patient for the two studies (detailed
below) from which the data were derived. He pro-
vided written consent for this case report as well.

The Veteran contracted COVID-19 in March 2020.
Additional past medical history is also positive
for mild cognitive disorder, depression, obstructive
sleep apnea, hyperlipidemia, hypertension, arte-
riosclerosis of coronary artery bypass graft, and
gastroesophageal reflux disease. His medication
list included amlodipine, carboxymethylcellulose,
clopidogel, escitalopram, esomeprazole, fluticasone,
hydrochlorothiazide, isosorbide mononitrate, meto-
prolol tartrate, ranolazine, rosuvastatin, aspirin, and
loratadine. A head CT conducted five years prior to
the present study revealed mild cerebral volume loss
and periventricular white matter changes. Substance
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use history is reportedly positive for remote tobacco
and cannabis use (last use was 34 years ago). He was
diagnosed with mild cognitive impairment, amnestic
type following a brief neuropsychological evaluation
conducted three years prior to the present study.

Measures

The New York University Paragraph Recall Test
(NYU Paragraphs) [14], Mini-Mental Status Exam
(MMSE) [15], and The Conners Continuous Per-
formance Test -Third Edition [16] were obtained
on two occasions as part of a study investigating
the cognitive effects of transdermal nicotine ther-
apy on MCI. All other data was obtained from
medical chart review and a study investigating the
effects of COVID-19 restrictions on older adults
with cognitive impairment. The obtained measures
along with a brief description are as follows:
The NYU Paragraphs consists of orally presented
contextual verbal information with immediate and
delayed memory components. It is useful for pre-
dicting whether cognitive decline will progress to
dementia [14, 17]. The MMSE is a brief cog-
nitive screening measure encompassing domains
such as spatial and temporal orientation, confronta-
tion naming, visuospatial skills, repetition, executive
functioning, registration/learning, delayed memory,
and serial subtraction. The CPT-3 is a computerized
vigilance test which assesses attentional capacity.
The test takes 14 minutes to complete, during
which time the examinee must maintain a constant
state of vigilance. The test provides a number of
measures which assess varying aspects of atten-
tion and impulsivity. It is resistant to practice
effects [16].

The following assessments and self-report mea-
sures were obtained as part of a study examining the
effects of COVID-19 pandemic on neuropsychiatric
functioning of individuals with dementia: Telephone
Montreal Cognitive Assessment (T-MoCA) [18] —
a brief, telephone-administered cognitive screening
measure encompassing simple attention, vigilance,
spatial and temporal orientation, repetition, phone-
mic fluency, registration/learning, delayed memory,
serial subtraction, and abstraction; expanded COWAT
(i.e., CFLIW) [19] — a measure of effort and phone-
mic verbal fluency; Animal Naming — a task of
semantic verbal fluency; Brief Resilient Coping Scale
(BRCS) [20] — a measure of coping ability and atti-
tudes regarding adverse experiences; International
Physical Activity Questionnaire (IPAQ) [21] — a

measure examining exercise frequency and inten-
sity; Three-Item Loneliness Scale (LS-3) [22] — a
measure of subjective loneliness and feelings of iso-
lation; Lubben Social Network Scale (LSNS) [23]
— a measure of social activity and social support;
Functional Activities Questionnaire (FAQ) [24] — a
measure of functional ability regarding instrumental
activities of daily living; Neuropsychiatric Inventory
Questionnaire (NPI-Q) [25] —a measure of behavioral
and psychiatric disturbance and associated severity
modified to assess change during the COVID-19 pan-
demic; and Perceived Stress Scale 4 (PSS-4) [26] —
an assessment of subjective life stress and locus of
control.

Procedures

CPT-3, MMSE, and NYU paragraphs were first
administered in January of 2020 as part of a study
examining the effects of nicotine patch on MCI. The
subject tested positive for COVID-19 in March 2020.
Follow up cognitive testing encompassing CPT-3,
NYU Paragraphs, and MMSE was conducted in July
2020. See Table 1 for comparison.

Following his participation in the nicotine study,
he enrolled in a study examining the effects of
COVID-19 on individuals with dementia. The mea-
sures illustrated in Table 2 were obtained in March
2021.

MMSE Total Scores were intact at both initial
assessment (January 2020) and follow up (July 2020).
Attentional measures were also intact at follow up
and scores did not differ significantly based on reli-
able change index [27]. Delayed recall on NYU
Paragraphs was above 100% for initially encoded
information for both evaluations. At the time of third
measurement, the subject demonstrated credible task
engagement with intact verbal fluency and T-MoCA
total score, high levels of resilience, exercise, social
engagement, and low levels of loneliness, stress, and
functional impairment. Mild increases in neuropsy-
chiatric symptoms including agitation, depression,
appetite, and irritability were noted on the NPI-Q.

DISCUSSION

Other respiratory infections which have resulted
in global health crises have been associated with
adverse neuropsychiatric changes. For instance,
severe acute respiratory syndrome (SARS) which
originated in 2003 was associated with reported
memory impairments, poor concentration, anxiety,
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Table 1
Procedures administered at baseline (January 2020) and follow-up (July 2020)
Domain Pre-COVID Post-COVID
(January 2020) (July 2020)

Attention

CPT Omissions 42.97 42.97

CPT Commissions 53.66 44.95

Hit RT Std. Error 47.32 47.41

MMSE Attn/Calc 5/5 5/5
Orientation

MMSE Orientation 9/10 8/10
Memory

NYU Paragraphs — Immediate 7/19 (36.84%) 9/21 (42.86%)

NYU Paragraphs — Delayed 9/19 (47.37%) 11/21 (52.38%)

MMSE Registration 3/3 3/3

MMSE Recall 3/3 2/3
Global

MMSE Total Score 28/30 27/30

MMSE Total Scores were intact at both initial assessment (January 2020) and follow up (July
2020). Attentional measures were also intact at follow up and scores did not differ significantly
based on reliable change index. Delayed recall on NYU Paragraphs was above 100% for initially

encoded information for both evaluations.

Table 2
Further cognitive and neuropsychiatric measures obtained in
March 2021

Domain Score
Effort

CFLIJW Z=-0.19 (Valid)
Verbal Fluency

CFL Z=-0.43

Animals T=44
Global

T-MoCA Total Score 20/22
Self-Report Measure
BRCS 20/20
TPAQ 2 h of walking/day, 7 days/week
LS-3 3/9
LSNS 30/30
PSS-4 0/16
FAQ 0/30
NPI-Q Total Symptoms Increased 4/12

At the time of third measurement, the subject demonstrated cred-
ible task engagement with intact verbal fluency and T-MoCA
total score, high levels of resilience, exercise, social engagement,
and low levels of loneliness, stress, and functional impairment.
Mild increases in neuropsychiatric symptoms including agitation,
depression, appetite, and irritability were noted on the NPI-Q.

depression, insomnia, and tension [28]. Information
regarding the neuropsychiatric impact of the COVID-
19 pandemic is sparse but increasingly available.
The short-term effects of COVID-19 appeared to
increase depression rates among older adults [29],
likely associated with lockdown, quarantine, and
social distancing measures implemented to reduce
the spread of the virus which have disrupted the
social landscape. However, there is evidence to sug-

gest that the short-term impact of the pandemic was
not as severe on older adults’ wellbeing as the long-
term effects of protracted pandemic restrictions [30].
Resilience, or the ability to recover from adverse
experiences, appears to be emerging as a major medi-
ator for mental and physical health outcomes in older
adults during the COVID-19 pandemic [31]. Older
adults with higher levels of resilience tend to age more
successfully, experience lower levels of depression,
and demonstrate increased longevity [32]. Subjective
levels of cognitive decline in older adults during the
COVID-19 pandemic may only be evident in a minor-
ity of older adults (8%), with depression acting as a
major risk factor in those who report declines [30].
However, in individuals with preexisting dementia
and mild cognitive impairment, lockdown measures
appear to increase the rate of decline [33].

Whether following direct COVID-19 infection or
as indirect effects of lockdown measures, a number
of potential neuropsychiatric and functional sequelae
attributable to the COVID-19 pandemic have been
proposed in the burgeoning literature. Coronavirus
infection may result in neuronal injury through direct
invasion of neurons or through secondary mech-
anisms such as hypoxia, immune-mediated injury,
organ failure, and prolonged mechanical ventilation,
leading to cognitive sequelae such as delirium and
impaired sustained attention. Evidence for deficits in
processing speed, concentration, and memory have
been found months after hospital discharge. Rate of
cognitive decline appears to accelerate in individuals
with preexisting dementia and MCI as a result of lock-
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down measures, with depression emerging as at least
one risk factor for subjective cognitive decline and
resilience as a protective factor. It is currently unclear
what factors may influence cognitive and functional
abilities following COVID-19 infection. Studies pub-
lished on cognitive sequelae following COVID-19
infection have thus far lacked baseline pre-infection
cognitive testing for comparison. Thus, it is unclear
whether those results represent true declines in cog-
nition or characteristics of the population sampled. In
this study, a case is presented in which objective cog-
nitive data was collected before and after COVID-19
infection.

Overall, no discernable pattern of cognitive
changes between pre-COVID and post-COVID
assessments were found in the present study. Mild
increases in neuropsychiatric symptoms including
agitation, depression, appetite, and irritability were
reported. However, it is possible that these neuropsy-
chiatric symptoms are better attributed to lockdown
measures rather than infection sequelae given that
the majority of COVID-19 survivors make a full
recovery. Furthermore, the current patient did not
report delirium which has been the most consis-
tent cognitive presentation of COVID-19 infection,
further supporting the hypothesis that the neuropsy-
chiatric symptoms are better attributed to lockdown
measures. This particular case did not demonstrate
the attention, concentration, and memory deficits
noted in previous research. Granted, the potential
effects of the nicotine study from which his cog-
nitive data were obtained are unclear. It is known
from preclinical studies on neuronal nicotinic recep-
tors that attention, learning, and memory function
may improve with nicotine administration [34]. Thus,
it may potentially account for preservation cogni-
tive abilities if he was in the experimental condition.
Of note, this particular subject has relatively ideal
psychosocial circumstances in comparison to the typ-
ical older adult Veteran male. This subject possessed
a range of protective factors noted on self-report
measures which may provide guidance for targeted
interventions designed to mitigate the impact of
COVID-19 infection and lockdown measures on cog-
nitive functioning. It is hypothesized that improved
psychosocial conditions will result in less negative
cognitive and functional outcomes for older adults
diagnosed with COVID-19. High levels of resilience,
social support, and exercise, coupled with lower lev-
els of perceived stress and loneliness, may serve as
protective factors against cognitive and functional
decline in older adults who contract COVID-19.
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