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Background: Cognitive complaints are one of the most frequent symptoms reported in post-acute sequelae of
COVID-19 (PASC). The Montreal Cognitive Assessment (MoCA) has been used to estimate prevalence of cognitive
impairment in many studies of PASC, and is commonly employed as a screening test in this population, however,
its validity has not been established.

Objective: To determine the utility of the MoCA to screen for cognitive impairment in PASC.

Methods: Sixty participants underwent neuropsychological, psychiatric, and medical assessments, as well as the
Montreal Cognitive Assessment, 6-8 months after acute COVID-19 infection.

Resuits: The overall sample had a mean score of 26.1 on the MoCA, with approximately one third screening below
the cutoff score of 26, similar to the rate of extremely low NP test performance. MoCA score was inversely
correlated with fatigue and depression measures and ethnic minority participants scored on average lower,
despite similar education and estimated premorbid function. The MoCA had an accuracy of 63.3% at detecting
any degree of diminished NP performance, and an accuracy of 73.3% at detecting extremely low NP
performance.

Discussion/Conclusion: The MoCA may not be accurate for detecting neither mild nor more severe degrees of
diminished NP test performance in PASC. Therefore, patients with persistent cognitive complaints in the setting
of PASC who score in the normal range on the MoCA should be referred for formal NP assessment.

1. Introduction

According to the World Health Organization, SARS-CoV-2, the virus
which causes COVID-19, has infected over 260 million people world-
wide [1]. It is increasingly evident that even after recovering from the
acute illness, many individuals experience unexpected long-term
symptoms. These post-acute symptoms of COVID-19 (PASC) include
fatigue, respiratory and cardiac manifestations, as well as cognitive and
psychiatric symptoms.

Cognitive complaints reported by those suffering from PASC (often
called “brain fog” by patients) include inattention, poor concentration,
problems with memory and difficulties multitasking [2]. These symp-
toms have been found to frequently co-occur with psychiatric symptoms

such as depression, anxiety, fatigue, and sleep disorders [2]. A
comprehensive review of 12 studies of post-COVID-19 cognitive
impairment found global impairment in 15-80% of participants,
including deficits in memory, attention, executive function, and verbal
fluency [3]. The studies included in this review relied primarily on
screening measures such as the Montreal Cognitive Assessment (MoCA)
and the Mini Mental State Exam (MMSE), with few using formal neu-
ropsychological (NP) assessment [3]. Recent studies that employed
formal NP testing had mixed findings, with some finding minimal to no
deficits and others finding minimal deficits, attributing the deficits to
other symptoms such as mood, poor sleep, and fatigue [4,5]. In contrast,
a 2022 study from England examined post-hospitalized patients versus a
control group found relatively severe cognitive impairment, which
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authors described as similar in magnitude to ageing 20 years [6].

This research group has reported neuropsychiatric findings from a
cross-sectional assessment of 60 participants enrolled in a longitudinal
investigation of neuropsychological, medical, and psychiatric sequelae
of COVID-19. Results from the study indicated that over one-fourth
(27%) of participants had extremely low NP test performance. The
study also showed that individuals seeking care for cognitive complaints
in the areas of memory, language and higher cognition, as measured in
this by the Patient Assessment of Own Functioning (PAOF) inventory,
scored significantly lower than population-based normative values on
NP tests of attention, processing speed, memory, and executive function
[7]. Independent predictors of impairment in this population included
acute COVID-19 symptoms, current depression score, number of medical
comorbidities, and subjective cognitive complaints in the areas of
memory, language, and executive functions [7].

The above findings indicate that those who have recovered from
COVID-19 infection may experience neurocognitive impairment, and
that subjective cognitive complaints in the context of PASC warrant
investigation. However, to the general post-COVID population seeking
care, formal neuropsychological testing may be difficult to access, with
limitations as far as cost, availability, and length of time to complete [8].
With this in mind, the investigators sought to examine if a commonly
used screening tool for cognitive impairment, the Montreal Cognitive
Assessment (MoCA), would be clinically useful at screening for neuro-
cognitive deficits in patients with PASC, thus facilitating further inves-
tigation, including neuroimaging and formal testing [9].

The MoCA is a cognitive screening tool designed to be more sensitive
for mild forms of cognitive impairment and specific cognitive domain
functions compared to other measures such as the MMSE and has been
validated in multiple populations [10-12]. Researchers worldwide have
used the MoCA in the COVID-19 population to provide an estimate of
cognitive functioning both during the acute and longer-term phases. One
study examining the cognitive and psychological status of patients in the
subacute and long-term phases of COVID-19 found that 70-75% of
participants showed impairments on the MoCA [13]. A study from India
utilized the MoCA to examine cognitive impairment after asymptomatic
COVID-19 infection, finding impairment in both Total Score as well as in
specific domains, namely visuospatial, naming, and verbal fluency [14].
A 2022 study from New York City screened 215 patients 6 months post-
COVID-19 infection using a telephone version of the MoCA, finding that
49% had abnormal results, with predicting variables including older
age, high school or lower level of education, unemployment prior to
COVID, and Black race [15].

The MoCA does have limitations in this and other clinical pop-
ulations. While the MoCA is widely utilized, it was designed as a
screening tool that would trigger more formal neuropsychological (NP)
testing, the gold standard. It may be less sensitive in detecting subtler
forms of cognitive difficulty compared to NP testing. In population-
based studies, this may lead to an under-estimate of actual cognitive
impairment. In individual patients seen in clinical settings, mild
impairment may be missed. In terms of the COVID-19 population, there
are no studies investigating the utility of the MoCA as it compares
contemporaneously to formal NP testing.

With this knowledge in mind, the investigators sought to assess in-
dividuals recovered from their acute COVID-19 illness and address the
following:

1. Whether the MoCA is an effective screening tool for neurocognitive
impairment in individuals recovered from acute COVID-19?

2. Whether psychiatric or medical measures correlate with MoCA
performance?

2. Methods

This study was conducted at New York Medical College/Westchester
Medical Center Health Network (WMCHealth), in Valhalla, NY. It was
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approved by the Institutional Review Board of New York Medical Col-
lege (Protocol #14400) as well as the WMCHealth Clinical Research
Institute. Data were obtained from the baseline assessment of 60 par-
ticipants recruited for a longitudinal study of neurocognitive, medical,
and psychiatric sequelae of COVID-19. Study participants were recruited
via social media, flyers, email chains, and word-of-mouth. A subset of
patients seeking care for “brain fog” were referred from the WMCHealth
Post-COVID-19 Recovery Program. All interested persons were screened
via telephone to determine eligibility for participation by investigators
(SL, SS) based on the following criteria: 1) Age at least 20 years old; 2)
documented positive COVID-19 nasopharyngeal test or positive anti-
body test prior to vaccination; 3) recovered from acute COVID-19
infection as per CDC recommendations (10-20 days after symptom
onset and 24 h without fever); 4) completed minimum 8th grade edu-
cation; 5) fluent in English; and 6) capable of signing informed consent.
Persons with a prior diagnosis of a major neurocognitive disorder,
traumatic brain injury with loss of consciousness, uncorrected visual/
hearing deficits, intellectual disability, or unstable psychiatric symp-
toms were excluded.

Eligible participants met with the study assessors (SL, SS) who were
trained to perform and score the assessment battery by co-PI (RD), a
board-certified Neuropsychologist, and were supervised by the study PI
(SF). During this visit, signed informed consent was obtained. Partici-
pants were compensated $40.00 for their time.

2.1. Study measurements and instruments

The primary measure of interest in this study was the MoCA, a 30-
point neurocognitive screening test that takes approximately 10 min
to complete. The test and administration instructions are available to
clinicians online [16]. A score of 26 or above is generally considered to
be “normal”, while any score below 26 indicates possible cognitive
impairment. The MoCA assesses several cognitive domains, including
short-term memory (two learning trials of five nouns and recall after 5
min); visuospatial abilities: clock-drawing and three-dimensional cube
copy); executive function (a modified Trail Making B Test, phonemic
fluency task, a two-item verbal abstraction task); language skills (three-
item animal naming task, repetition of two syntactically complex sen-
tences, and phonemic fluency). Attention, concentration, and working
memory are assessed using a sustained attention task, serial subtraction,
and a forward and backward digit span task. Also assessed is abstract
reasoning, asking the participant to describe the similarity between two
words. Orientation to time and place is assessed by asking the partici-
pant to state the date, city, and time of place in which the test is
occurring [17].

In addition to the MoCA, the investigators obtained sociodemo-
graphic, medical, and psychiatric information from the participants.
Sociodemographic measures included age, gender, ethnicity, relation-
ship status, years of education and current employment. Medical mea-
sures included self-reported medical history and a detailed history of
COVID-19 illness, including symptoms, treatment(s), hospitalization,
and time since diagnosis. To measure COVID-19 symptom a Likert-type
instrument was developed based on a published CDC Symptom ques-
tionnaire, and addressed 11 COVID-19 symptoms, each categorized as
absent, mild, moderate, or severe, with score ranging from 0 to 33 [18].
Participants were asked to fill out the survey twice, once for their peak
acute COVID-19 illness and once for the time of the appointment. Other
validated medical, functional, psychiatric, and neurocognitive measures
can be found in Table 1. The neuropsychological battery consisted of
measures assessing specific cognitive domains that have been implicated
in other infectious and clinical disease states such as HIV, Lyme disease,
cancer, and postural orthostatic tachycardia syndrome [19-22].

Neuropsychological test scores were converted to t-scores according
to their respective manuals and compared to age and education-adjusted
(where available) population-based norms. We applied accepted clinical
practice for assessing NP test performance: “Low” NP test performance
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Table 1

Medical, Psychiatric, and Neurocognitive Testing Measures.

Measure/Instrument

Description

Score Range

Medical/Functional Measures

Lawton-Brody Instrumental
Activities of Daily Living
Scale (IADL)

Chalder Fatigue Scale (CFS-
11)

Psychiatric Measures
Patient Health
Questionnaire-9 (PHQ-9)

Post-Traumatic Stress
Disorder Checklist for
DSM-5 (PCL-5)

Generalized Anxiety
Disorder-7 (GAD-7)

Neurocognitive Measures
Test of Premorbid Function
(TOPF)

Repeatable Battery for the
Assessment of
Neuropsychological
Status (RBANS) Form A

Trail Making Test Parts A
and B

Verbal fluency (letter and
category)

Stroop Color-Word Test
Patient Assessment of Own

Functioning Inventory
(PAOF)

Measures practical aspect of
everyday functioning [34]

An 11-item questionnaire
which measures the severity
of mental and physical
fatigue [35]

Queries DSM-IV major
depression criteria [36]

Queries DSM-V criteria for
Post-Traumatic Stress
Disorder (PTSD) [37]
Measures clinically
significant anxiety [38]

Estimates participants’
intellectual functioning
prior to an inciting event or
injury [39]

A neuropsychological
assessment designed to
identify and characterize
abnormal cognitive decline,
which yields both a Total
Score as well as sub-scores
for five cognitive domains
[40]

Measures psychomotor
speed, visual search, and
attention [41]

Assesses phonemic verbal
fluency and semantic
memory [42]

Assesses the ability to
inhibit cognitive
interference [43]

Assesses participants’ own
perception of impairment in
five domains. Subscales
exist for: memory, language
and communication,
handedness, sensory-
perception, and cognitive/
intellectual functioning
[44]

0-8

0-33. A cutoff score
of >21 is considered
clinically significant
fatigue.

0-27. Generally, a
total score of 0-4
points indicates no/
minimal depression,
5-9 indicates mild
depression, 10-14
indicates moderate
depression, 15-19
indicates moderately
severe depression,
and 20 or more
indicating severe
depression. For the
purposes of this
study, we used a cut
off score of 10 or
above to indicate
clinically significant
depression.

0-80, with a score of
>33 indicating PTSD

0-21, with a score >
10 indicating a
possible anxiety
disorder

76-124

40-160

N/a

N/a

N/a

N/a
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was defined as receiving a score one or more standard deviations below
age-matched population-based normative values on two or more NP
tests. “Extremely Low” NP test performance was defined as scores >2
standard deviations below (<2nd percentile) below normative values
(age and education-adjusted) on one or more of the 11 tests [23].

Data were analyzed using SPSS software [24]. These included
descriptive statistics (frequency, mean, standard deviation); Chi-square
for group comparisons on categorical variables; independent and one-
sample t-tests and analysis of covariance (ANCOVA) for group com-
parisons on continuous variables. Pearson correlations were used to
explore associations between various test scores and clinical variables.
Finally, logistic regression was used to identify independent predictors
of NP impairment.

3. Results
3.1. Overall sample

Sociodemographic information regarding this sample can be found
in Table 2. On average, participants were approximately 40 years of age.
Slightly over half of the patients identified as White, about two thirds
were female, two thirds in a relationship, and over three fourths were
employed. Participants were on average approximately 7 months out
from their acute illness. Approximately 40% had a prior psychiatric
history (Table 2).

3.2. MoCA

The group of 60 had a mean total MoCA of 26.1, with a standard
deviation of 2.6. In this sample, 22 participants (36.7%) scored below a
26 on the MoCA (screened positive), indicating possible neurocognitive
impairment (Table 2). The subcategory in which participants scored
lowest was Delayed Recall, with only 10 participants scoring a 5/5 on
the task. Participants who scored <26 on the Total MoCA scored lower
on the subcategories of Visuospatial, Attention, Language, and Delayed
Recall than those scoring above the cutoff.

3.3. MoCA and sociodemographic factors

When comparing participants who scored <26 MoCA vs > 26, we
found a significant relationship with race (Table 2). While only 22.9% of
the 35 White participants scored below a 26 on the MoCA, 56.0% of the
25 non-White participants (Black, Hispanic, Asian/South Asian)
screened as impaired.

3.4. MoCA and medical factors

There was a significant correlation between Total MoCA Score and
Chalder Fatigue Total Score (r = —0.264, p < 0.01), Chalder Fatigue
Physical Fatigue Score (r = —0.397, p < 0.01), Chalder Fatigue Mental
Fatigue Score (r = —0.264, p = 0.04) and IADL score (r = 0.367, p <
0.01). No significant relationship was found between impairment on the
MoCA and acute or current appointment COVID symptom score, time
from acute COVID illness, date of testing, or number of medical
comorbidities. (Table 2).

3.5. MoCA and psychiatric measures

Fewer participants with self-reported prior psychiatric history scored
<26 on the MoCA compared to those with no reported psychiatric his-
tory (p = 0.04). However, participants who had clinically significant
depression based on the PHQ-9 were statistically more likely to score <
26 on the MoCA (p = 0.03). No significant differences in substance-use
history, clinically significant anxiety (based on the GAD-7), clinically
significant PTSD (based PCL-5), or psychotropic medication use was
found (Table 2).
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Table 2
Comparison of Participants Scoring Above and Below Threshold on the MoCA.

Variable Total MoCA > MoCA < P-
Sample 26 26 Value
(N = 60) (N =38) N =22)
Sociodemographic Factors
Age (Mean, SD) 41.4 37.2 48.5 p<
(13.9) (12.1) (14.2) 0.01
Race (N, %) p=
White 35 27 8(36.4%) 0.03
(58.3%) (71.1%)
Black 5 (8.3%) 1 (2.6%) 4 (18.2%)
Hispanic 13 6 7 (31.8%)
(21.7%) (15.8%)
Asian/South Asian 5 (8.3%) 2 (5.3%) 3 (13.6%)
Other 2 (3.3%) 2 (5.3%) 0 (0.0%)
Employed (N, %) 50 34 16 p=
(83.3%) (89.5%) (72.7%) 0.09
In Relationship or Married (N, 38 23 15 =
%) (63.3%) (60.5%) (68.2%) 0.55
Medical Factors
Peak COVID Symptom Score 16.5 (6.1) 15.4(6.1) 18.3(5.9) =
(Mean, SD) 0.08
Appointment 1 COVID 5.7 (4.6) 4.8 (4.3) 7.2 (4.7) p=
Symptom Score (Mean, SD) 0.06
Psychiatric Factors
Prior Psychiatric History 24 5 19 p=
(40.0%) (22.7%) (50.0%) 0.04
PHQ-9 > 11 (N, %) 30 15 15 p=
(50.0%) (39.5%) (68.2%) 0.03
GAD-7 > 10 (N, %) 17 11 6 (27.3%) p=
(28.3%) (28.9%) 0.89
PCL-5 > 33 (N, %) 12 6 6(27.3%) p=
(20.0%) (15.8%) 0.28
Chalder >21 (N, %) 30 15 15 p=
(50.0%) (39.5%) (68.2%) 0.09
Clinical Grouping
None-Mild NP Test Impairment 44 33 11 p<
(N, %) (73.3%) (86.8%) (50.0%) 0.01
Severe NP Test Impairment (N, 16 5 11
%) (26.7%) (13.2%) (50.0%)
Non-Clinical Group (N, %) 28 23 5 (17.9%) pP<
(46.7%) (82.1%) 0.01
Clinical Group (N, %) 32 15 17
(53.3%) (46.9%) (53.1%)
MoCA Subscores
MoCA Visuospatial (Max = 5) 4.5 (0.7) 4.7 (0.5) 4.1 (0.8) p<
(Mean, SD) 0.01
MoCA Naming (Max = 3) 2.9 (0.3) 2.9(0.3) 2.8 (0.4) =
(Mean, SD) 0.41
MoCA Attention (Max = 6) 5.7 (1.0) 6.0 (0.2) 5201.4) =
(Mean, SD) 0.02
MoCA Language (Max = 3) 2.6 (0.7) 2.9(0.4) 2.1(0.9) p<
(Mean, SD) 0.01
MoCA Abstraction (Max = 2) 1.8 (0.49) 1.8 (0.4) 1.8 (0.49) =
(Mean, SD) 0.63
MoCA Delayed Recall (Max = 2.6 (1.6) 3.5(1.2) 1.1 (1.0) p<
5) (Mean, SD) 0.01
MoCA Orientation (Max = 6) 6.0 (0.2) 6.0 (0.2) 6.0 (0.0) p=
(Mean, SD) 0.16

3.6. MoCA and NP testing

Within the Normal NP Test group, 16.7% (4 participants) scored <26
on the MoCA, compared to 35% (7 participants) of the Low NP Test
group, and 68.8% (11 participants) of the Extremely Low NP Test group.
There was a statistically significant relationship (p < 0.01) between
scoring <26 on the MoCA and NP test group (Normal, Low, Extremely
Low). However, in post-hoc analysis, there was no statistical difference

83

General Hospital Psychiatry 78 (2022) 80-86

between those with Normal NP test performance and those with Low NP
test performance (p = 0.16), while statistically significantly fewer par-
ticipants with Normal NP Test performance had a MoCA <26 than those
with Extremely Low NP Test performance (p < 0.01). When we com-
bined the groups with Normal NP test performance and those with Low
NP Test performance as compared to those with Extremely Low NP Test
performance, the significant difference remained (p < 0.01).

MoCA Total and Subcategory mean scores between those with
Normal/Low NP test performance were then compared with those with
Extremely Low NP test performance, finding significant differences on
Total MoCA (26.8 vs 24.1; p < 0.01), Naming (2.9 vs 2.7; p = 0.01),
Language (2.8 vs 2.3; p = 0.01), and Delayed Recall (2.9 vs 1.8; p =
0.02).

Next, the investigators sought to define the MoCA’s ability to
differentiate Normal NP test scores from any degree of poor NP test
performance (Low and Extremely Low), as well as combined Normal/
Low NP test performance from Extremely Low NP test performance. We
found the MoCA’s accuracy at detecting any degree of poor NP test
performance to be 63.3%, with a sensitivity of 50.0%, specificity of
83.3%, positive predictive value of 81.8%, and a negative predictive
value of 52.6%. However, when looking at the ability of the MoCA to
differentiate between Normal/Low NP Test performance vs. Extremely
Low NP Test performance, we found the MoCA to have an accuracy of
73.3%, sensitivity of 68.8%, specificity of 75.0%, positive predictive
value of 50.0%, and a negative predictive value of 86.8%.

When looking at the MoCA'’s accuracy at detecting Extremely Low as
opposed to Normal/Low, we found that it was significantly more accu-
rate in White versus non-White participants. Accuracy among Black
(60.0%), Hispanic (53.8%), and Asian/South Asian (60.0%) participants
were similar. When the three minority categories were combined, the
accuracy of the MoCA in the non-White group was 60.0%, significantly
lower than the White participant group (82.9%) (p = 0.048). These two
groups also differed significantly in terms of mean TOPF score, with
White participants scoring significantly higher than non-White partici-
pants (111.9 vs 104.4, respectively, p = 0.01), though both group means
fell in the High-Average to Average range. There were no differences as
far as years of education.

In order to graphically depict both the linearity of the relationship
and which MoCA cut-off score might be most sensitive to detect each
degree of NP test performance, we constructed a generalized additive
model, allowing us to characterize the relationship between total MoCA
score and level of NP test performance (Normal, Low, and Extremely
Low) (Fig. 1). This graph illustrates a linear relationship of MoCA score
with level of NP test score below the clinical cutoff score of 26, with
lower score on MoCA corresponding to progressively higher likelihood
of Extremely Low NP test score. Above the score of 26, the curve flattens,

Mild NP Severe NP
Impairment Impairment Impairment

No NP

Total MoCA Score

Fig. 1. Non-linear regression model.

Generalized additive model to show non-linear univariate regression modeling
of MoCA scores to predict poor NP test performance (EDF = 4.3, R? = 0.26, p
= 0.15).



S. Lynch et al.

and no such relationship exists.

To determine the adjusted odds ratio for degree of NP test perfor-
mance (Normal/Low vs Extremely Low) based on incremental decline in
MOCA total score, we conducted a logistic regression, adjusting for age,
severity of acute COVID-19 symptoms, number of medical comorbid-
ities, prior psychiatric history, education, and gender. Using backward
stepwise elimination, we found that the only significant predictors of
Extremely Low NP test performance versus Normal/Low NP test per-
formance were total MoCA score and gender (p < 0.01, OR = 0.53; and p
= 0.05, OR = 0.21, respectively) (Table 3). This model found that for
every unit increase in Total MoCA Score, the odds of Extremely Low NP
test performance decrease by 47%. Further, being of female gender
decreases the odds of scoring Extremely Low by 79%.

In terms of the participants’ subjective cognitive complaints, we
found that Total MoCA score significantly correlated with the Patient
Assessment of Own Functioning Inventory (PAOF), specifically within
the domains of Memory (r = —0.49, p < 0.001) and Cognitive/Intel-
lectual Functioning (r = —0.41, p < 0.001). The correlation between
PAOF Cognitive/Intellectual Functioning and Total MoCA was not pre-
sent in the Normal/Low NP Test performance group (r = —0.22, p =
0.15), and though the correlation with Memory remained, it was less
marked (r = —0.34, p = 0.03).

4. Discussion

Data from this sample suggests that based on the MoCA alone, a
significant portion of study participants may suffer from neurocognitive
impairment after recovering from acute COVID-19 infection, as over one
third of all participants scored below a 26. This finding is unsurprising
given the numerous prior reports demonstrating post-COVID cognitive
impairment [2-4]. When looking at the subcategories of the MoCA, we
found that participants scored lowest in Delayed Recall, which has also
been found in more comprehensive neurocognitive testing reports, as
well as other studies looking at the MoCA’s use post-COVID [7,25].
Unlike in our prior NP testing findings, the MoCA did not identify sig-
nificant impairment in attention, processing speed, abstraction, or ex-
ecutive function [7]. This may be in part because the MoCA does not
effectively measure processing speed or executive function, as it uses a
modified version of the Trail Making Part B which does not involve
timing the participant, and only one letter for the phonemic fluency
portion of the test as opposed to the normal three [16]. However, on a
subjective measure of impairment post-COVID, we previously found that
participants reported memory as one of their main complaints, so it is
promising that the MoCA results reflected this [7].

Results regarding accuracy of the MoCA in detecting poor NP test
performance were mixed. We found that when attempting to detect
Low/Extremely Low test performance vs. Normal NP test performance,
the MoCA was only 63.3% accurate and 50% sensitive. When we

Table 3
Multivariate Logistic Regression with Backward Elimination Predicting Odds of
Extremely Low NP Test Performance versus Normal/Low NP Test Performance.

Variable Odds 95% Confidence 95% Confidence P-

Ratio Interval (Lower Interval (Upper value
Bound) Bound)
Gender 0.21 0.04 0.98 0.048
Prior Psychiatric 0.23 0.05 1.13 0.07
History
Total MoCA Score 0.53 0.38 0.76 <
0.01

Age Removed by backwards stepwise elimination.

Years of Education

Peak COVID

Symptom Score
Number of Co-

Morbid Medical

Conditions
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combined Normal performance and Low NP Test performance and
differentiated from Extremely Low NP test performance, the MoCA was
slightly more accurate, increasing the accuracy to 73.3% and sensitivity
to 68.8%. This suggests that the MoCA may not be able to detect mild
degrees of impairment in patients post-COVID-19 infection, and may
only be marginally better at detecting more severe degrees of impair-
ment. This is noteworthy because the MoCA is described as being more
accurate and sensitive than other similar screening measures, such as the
MMSE, at detecting mild impairment, both in general and in post-COVID
patients. Some have even suggested a telephone version of the MoCA
could detect impairment accurately [26]. However, the majority of these
prior studies did not directly compare MoCA results with a compre-
hensive NP testing post-COVID-19 infection. Neuropsychologists have
historically examined what the most sensitive cutoff scores on the MoCA
should be for various medical/neuropsychiatric conditions, with the
consensus of <26 being most accurate. Our general additive model
appeared to verify this in the current sample, so we did not attempt to
deviate from this norm. Our findings suggest that given its low sensi-
tivity for Low NP test performance, if patients present with post-COVID
cognitive complaints and score as “normal” on the MoCA, a formal
neuropsychological assessment referral should be considered.

When looking at sociodemographic factors that correlated with total
MoCA score, we found a significant relationship with race. On average,
non-White participants had lower overall MOCA scores and were more
likely to score as impaired (below 26). This contrasts with our prior
findings, which showed no racial/ethnic differences in rates of poor NP
test performance using a NP testing battery, though is consistent with
other reports finding that Black race may be a predictor of poor per-
formance on the MoCA [7,15].Further, if looking at level of accuracy of
the MoCA predicting poor NP test performance for White compared to
Black, Hispanic or both combined, the MoCA was significantly more
accurate at predicting poor performance for White participants, accu-
rately detecting low NP test scores in 82.9% of White participants but
only 60% in non-White participants.

There is literature suggesting that cutoff scores for detecting NP
impairment on the MoCA may differ based on race/ethnicity. Some re-
searchers have suggested that optimal cutoffs for detection of mild
cognitive impairment would be 25 for non-Hispanic Whites, 24 among
Hispanics and 23 among non-Hispanic Blacks [27]. While our sample
size was small for non-Whites, we looked at accuracy utilizing the above
cutoffs and found that it did not change significantly for either detecting
Low/Extremely Low NP test performance vs. Normal performance
(decrease in about 2%), or for Normal/Low NP test performance vs.
Extremely Low NP test performance (increase in about 5%). Addition-
ally, our generalized additive model in Fig. 1 suggests that the current
cut-off score of 26 remains the most predictive. It’s difficult to postulate
on potential explanations for this phenomenon given that only 25 par-
ticipants in this study were Non-White. Prior studies have discussed the
limitations of using the MoCA cross-culturally, although most have
examined the accuracy of alternative, non-English translations of the
MoCA as opposed to comparing how those with different racial back-
grounds score on one particular form [28].

We found that higher levels of physical and mental fatigue as
measured by the Chalder Fatigue scale was correlated with lower MoCA
score. This is in accordance with reports of mental fatigue correlating
strongly with cognitive slowness detected by the MoCA (26). Interest-
ingly, we found no relationship between MoCA and scores on the
COVID-19 symptom scale, either during acute illness or at time of
administration. This contrasts with other published reports which
indicate that more severe COVID symptoms at time of infection were
associated with poorer NP performance as well as lower scores on the
MoCA [29,30].

Psychiatrically, we found that participants with clinically significant
depression performed poorer on the MoCA. This is consistent with the
abundance of literature suggesting depression is associated with cogni-
tive impairment, even as indicated by MoCA score < 26 [31].
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Additionally, the authors have previously reported that depressive
symptoms were independently predictive of Extremely Low NP test
scores [7]. It is not possible to distinguish if patients are experiencing
depressive symptoms due to NP impairment or vice versa. This causal
relationship of depression and cognitive impairment post-COVID re-
mains an important area of research inquiry. Counter-intuitively, par-
ticipants in this cohort with prior psychiatric history were less likely to
score as impaired on the MoCA. This was unexpected, as we know that
patients with psychiatric issues were more affected by COVID-19 than
other patients, and even have been shown to have a higher mortality rate
[32].

Our study is unique in that we compared the MoCA with concur-
rently administered NP test findings in participants that have recovered
from acute COVID-19 illness. To our knowledge, no other similar reports
have been published. However, our study was not without limitations.
Our sample was relatively small, limiting the power of our statistical
analyses. This study included a range of patients, including patients from
the community with no post-covid complaints, as well people seeking
care from a specialized Post-COVID recovery program, allowing us to
examine the use of the MoCA across a wide range of symptom burden.
On the other hand, this may also represent a strength of this study
because the MoCA is most likely to be applied in a clinical setting.

5. Conclusion

The MoCA may not be an adequate measure for screening for
cognitive complaints in PASC. Patients with cognitive complaints should
be referred for appropriate NP testing and treatment. The NP battery
used in this investigation assesses multiple cognitive domains in a more
thorough degree than the MoCA and takes under one hour to complete.
Prior studies have shown that MoCA performance post-COVID-19
infection improves over time [33]. Longitudinal follow-up of this
cohort is in progress, with plans to re-administer the MoCA and NP
testing at 6 months and 18 months after the initial appointment.
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