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Abstract

Background Due to SARS-CoV-2-related encephalopathic features, COVID-19 patients may show cognitive sequelae that
negatively affect functional outcomes. However, although cognitive screening has been recommended in recovered individu-
als, little is known about which instruments are suitable to this scope by also accounting for clinical status. This study thus
aimed at comparatively assessing the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment
(MoCA) in detecting cognitive deficits in post-COVID-19 patients premorbidly/contextually being or not at risk for cogni-
tive deficits (RCD +; RCD-).

Methods Data from N=100 COVID-19-recovered individuals having been administered both the MMSE and the MoCA
were retrospectively analyzed separately for each group. RCD =+ classification was performed by taking into consideration
both previous and disease-related conditions. Equivalent scores (ESs) were adopted to examine classification performances
of the two screeners.

Results The two groups were comparable as for most background and cognitive measures. MMSE or MoCA adjusted
scores were mostly unrelated to disease-related features. The two screeners yielded similar estimates of below-cut-off per-
formances—RCD +: MMSE: 20%, MoCA: 23.6%; RCD-: MMSE: 2.2%, MoCA: 4.4%. However, agreement rates dropped
when also addressing borderline, “low-end” normal, and normal ability categories—with the MoCA attributing lower levels
than the MMSE (RCD +: Cohen’s k=.47; RCD-: Cohen’s k=.17).

Discussion Although both the MMSE and the MoCA proved to be equally able to detect severe cognitive sequelae of SARS-
CoV-2 infection in both RCD + and RCD- patients, the MoCA appeared to be able to reveal sub-clinical defects and more
sharply discriminate between different levels of ability.
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Introduction

Due to both primary and secondary encephalopathic fea-
tures of SARS-CoV-2 infection [1], COVID-19 patients
may show both short- and long-term cognitive sequelae
within the dysexecutive and amnesic spectrum [2]—which
have been postulated as negatively affecting prognosis and
functional outcomes [3].Consistently, first-level cognitive
assessment has been recommended in COVID-19-recov-
ered individuals [3]. However, little consensus has been
reached as for which psychometric instruments should be
adopted to this scope.

Among screening tools, the Mini-Mental State Exami-
nation (MMSE) and the Montreal Cognitive Assessment
(MoCA) have proved effective in detecting global cogni-
tion deficits following COVID-19 [2]—despite the former
and the latter seemingly being more sensitive to severe
and mild-to-moderate dysfunctions, respectively [4]. In
this respect, the choice of suitable screeners is further
challenged by the complex interplay between disease-
related outcomes—i.e., encephalopathic complications of
COVID-19 and iatrogenic effects of COVID-19 treatments
on the brain—and premorbid neurological/medical-general
risk factors for cognitive impairment [4].

This study thus aimed at comparing the performance of
the MMSE and the MoCA in the screening for cognitive
sequelae in post-infectious SARS-CoV-2 patients being
or not at risk for cognitive deficits (RCD+; RCD-) due to
either previous or disease-related conditions.

Methods
Materials

Data from N=100 COVID-19-recovered individuals referred
to Istituti Clinici Scientifici Maugeri located in Northern
Italy between May 2020 and 2021 who had been adminis-
tered both the MMSE and the MoCA were retrospectively
collected (see Table 1).

COVID-19 severity was classified as “asymptomatic,”
“mildly symptomatic,” “mild-to-moderate” (requiring O,
but not ventilation), and “moderate-to-severe” (requiring
either non-invasive ventilation or ICU).

RCD+ group included patients with (a) previous neu-
rological or psychiatric disorders, (b) a history of severe
internal conditions or >3 internal/metabolic risk factors
for cognitive dysfunction, and (c) COVID-19-related neu-
ropsychiatric manifestations. By contrast, RCD- patients
did not present with the abovementioned risk factors.

Table 1 Participants’

background, clinical, and Domain Outcome RCD+ RCD- al
psychometric measures Background
N 55 45 -
Age (years) 66.13+13.84 (18-85)  63.33+11.4 (28-85) .105
Sex (male/female) 34/21 39/6 .005*
Education (years) 11.2+3.63 (2-19) 11.02+3.89 (3-18) .664
Clinical

Disease duration (days) 40.6+26.72 (2-113) 42.31+£26.26 (5-129) .649
Time from onset (days)  74.13+41.02 (7-241)  76.43+35.33 (26-186)  .522

Severity .008*
Asymptomatic 9.1% 2.2% -
Mildly symptomatic 18.2% 6.7% -
Mild-to-moderate 25.5% 11.1% -
Moderate-to-severe 47.3% 80% -
ICU 45.5% 71.1% .015*
Steroids 12.7% 20% .186
Infection 32.7% 35.6% 433

Psychometric

MMSE 27+3.36 (15-30) 28.22+1.94 (22-30) 115
MoCA 21.71+4.97 (8-30) 23.51+3.09 (18-30) .186

RCD + patients at risk for cognitive deficits, RCD- patients not at risk for cognitive deficits, MMSE Mini-
Mental State Examination, MoCA Montreal Cognitive Assessment, /CU intensive care unit

p-values refer to either y* (categorical measures) or Mann—Whitney U (continuous measures)

*Significant at a=.05
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Table 2 Equivalent score (ES) classifications by the MMSE and the MoCA

MMSE MoCA
ES 0 1 2 3 4 Total
RCD- |0 1 0 0 0 0 1
1 1 1 2 1 1 6
2 0 0 1 1 2 4
3 0 0 1 1 0 2
4 0 3 9 10 10 32
Total 2 4 13 13 13 45
RCD+ |0 8 1 0 1 1 11
1 3 0 2 0 1 6
2 1 2 1 0 1 5
3 1 0 1 1 2 5
4 0 3 4 7 14 28
Total 13 6 8 9 19 55

MMSE Mini-Mental State Examination, MoCA Montreal Cognitive Assessment, RCD- patients not at risk for cognitive deficits, RCD + patients
at risk for cognitive deficits. ESs are to be interpreted as follows: ES=0-—impaired; ES=1— borderline; ES=2— “low-end” normal;
ES =3 —normal; ES =4 — “high-end” normal. Diagonal cells show agreements; extra-diagonal cells show disagreements

This classification was performed, on the basis of medical
records, by two independent authors blinded to patients’
cognitive outcome; disagreements were solve throughout
discussion with an independent judge.

Statistics

Associations/predictions were tested via non-parametric
approaches due to normality not being met (as assessed
through skewness and kurtosis values).

Inferential analyses were run separately for RCD+ and
RCD+ groups; a Bonferroni-adjusted a=.025 was thus
adopted.

MMSE and MoCA scores were adjusted for age and edu-
cation and converted to equivalent scores (ESs) [5] based
on current norms [6, 7]. The ES scale allows drawing clini-
cal classifications from performances as follows: ES=0 —
impaired; ES=1 — borderline; ES=2 — “low-end” normal;
ES=3 — normal; and ES=4 — “high-end” normal. As being
standardized, the ES scale allows comparisons between dif-
ferent tests having different original metrics.

Inter-rater agreement between MMSE and MoCA clinical
classifications was tested through weighted Cohen’s k [8].

Analyses were performed via SPSS 27 (IBM Corp.,
2020).

Results

RCD+ and RCD- patients were balanced as for the major-
ity of demographic and clinical measures—except for sex,
severity and ICU admission—as well as for cognitive scores
(see Table 1).

When assessed separately for each group, no disease-
related variables affected either MMSE or MoCA adjusted

scores (severity: 2.73<H(3)<4.14; p<.302; steroids:
41<U<51; p<.09; duration in days: .26 <r,<.07; p<.059;
days from onset to assessment: .24 <r,<.06; p<.058)
except for infections in RCD+ patients (MMSE: U=166.5,
p=.003; MoCA: U=180, p=.006)—with those who showed
them reporting lower scores (MMSE: M=25.59, SD=2.97
vs. M=27.83, SD=2.88; MoCA: M=19.86, SD=3.57 vs.
M=22.79, SD=4.14).

Within both groups, the two tests provided similar preva-
lences of defective performances (ES=0)—RCD+: MMSE:
20%, MoCA: 23.6%; RCD-: MMSE: 2.2%, MoCA: 4.4%.
Agreement rates for such dichotomous classification were
indeed found to be substantial for RCD- patients (Cohen’s
k=.66) and moderate for RCD+ (Cohen’s k=.57).

However, when addressing the full range of ESs (0—4),
agreement rates dropped by also showing an inverse pattern
(see Table 2), as being poor for RCD- (Cohen’s k=.17) and
moderate for RCD+ (Cohen’s k=.47). Indeed, the MMSE
tended to classify less conservatively those performances
that were addressed by the MoCA as either defective, bor-
derline, or “low-end” normal—this especially occurring for
RCD+ patients. Several misclassification were detected also
for ESs of 3 and 4 (normal and ‘“high-end” normal)—the
MoCA being more conservative than the MMSE.

Discussion

The present study provides practitioners with useful infor-
mation on the capability of the MMSE and the MoCA to
detect sequelae deficits in COVID-19-recovered individu-
als who were or not at risk for cognitive deficits (RCD+ vs.
RCD-) due to either premorbid or disease-related conditions.

Overall, both screeners proved to be equally able to detect
severe cognitive sequelae of SARS-CoV-2 infection in both
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RCD+ and RCD- patient. This finding is consistent with
the supposed amnesic/dysexecutive profile of COVID-19
patients—as the MMSE and the MoCA being reckoned,
albeit to a different extent, as memory—and executive-
loaded screeners [6, 7].

However, the MoCA proved to be slightly more sensi-
tive than the MMSE in detecting sub-clinical cognitive
changes, as well as abler than the MMSE in differentiating
between diverse levels of cognitive efficiency [4]. These
findings are in line with previous ones on the MoCA—which
were also paralleled by neurofunctional evidence [4, 9].
Such differential performances of the two screeners appear
to be also supported by the fact that, when considering dif-
ferent ability levels, their agreement was higher for patients
whose putative cognitive impairment could be more easily
detected (RCD+).

Results herewith reported should be borne in mind by
practitioners since even mild/sub-clinical cognitive deficits
have been shown to negatively affect functional outcomes
of recovered COVID-19 individuals [10].

With regard to the interplay between premorbid status
and cognitive after-effects of COVID-19 as assessed by
the MMSE and the MoCA, the present work suggests that
(1) non-COVID-19 comorbid infections might determine
a decrease in cognitive efficiency that can be revealed by
I-level tests in RCD+ patients; (2) the performance on such
tests may not be associated with other disease-related vari-
ables; and (3) both screeners provide higher estimates of
cognitive impairment in RCD+ patients.
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