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Given advantages in reperfusion therapy leading to mild stroke, less apparent cognitive deficits

can be overseen in a routine neurological examination. Despite the widespread use of the Montreal
Cogpnitive Assessment (MoCA), age- and education-specific cutoffs for the detection of post-stroke
cognitive impairment (PSCI) are not established, hampering its valid application in stroke. We

aimed to establish age- and education-specific MoCA cutoffs to better discriminate patients with

and without acute PSCI. Patients with acute ischemic stroke underwent the MoCA and a detailed
neuropsychological assessment. PSCl was defined as a performance<-1.5 SD inz 2 cognitive
domains. As secondary data analysis, the discriminant abilities of the MoCA,,,,-score (not adding +1 as
correction for <12 years of education, YoE) cutoffs were automatically derived based on Youden Index
and evaluated by receiver operating characteristic analyses across age- (<55, 55-70, > 70 years old)
and education-specific (<12 and > 12 YoE) groups. 351 stroke patients (67.4 +14.1 years old; 13.1+2.8
YoE) underwent the neuropsychological assessment 2.7 +2.0 days post-stroke. The original MoCA
cutoff <26 falsely classified 26.2% of examined patients, with poor sensitivity in younger adults (34.8%
in patients <55 years>12 YoE) and poor specificity in older adults (55.0%, in>70 years <12 YoE). By
maximizing both sensitivity and specificity, the optimal MoCA,,,, cutoffs were: (i) <28 in patients
aged <55 with > 12 YoE (sensitivity = 69.6%, specificity = 77.8%); (ii) <22 and <25 in patients > 70 years
with =12 and > 12 YoE (sensitivity = 61.6%, specificity = 90.0%; sensitivity = 63.3%, specificity = 84.0%,
respectively). In other groups the optimal MoCA,,,, cutoff was <26. Age and education level should

be considered when interpreting MoCA-scores. Though new age- and education-specific cutoffs
demonstrated higher discriminant ability for PSCI, their performance in young stroke and adults

with higher education level was low due to ceiling effects and MoCA subtests structure, and cautious
interpretation in these patients is warranted.

Trial registration: ClinicalTrials.gov Identifier: NCT05653141.
Keywords Ischemic stroke, Post-stroke cognitive impairment, Montreal Cognitive Assessment, Cutoff

Post-stroke cognitive impairment (PSCI), defined as a stroke-induced deficit in any cognitive domain’, is frequent
and may affect even young adults and patients without any residual neurological deficits®. Previous reviews and
meta-analyses reported a prevalence of PSCI between 7 and 75%*°, depending on the study design, stroke type
(ischemic or hemorrhagic stroke), assessment period (acute or chronic), pre-stroke cognitive status (unimpaired,
pre-stroke mild cognitive impairment, or dementia), recurrent or first-ever stroke, diagnostic criteria (number of
affected domains), and applied cognitive assessment tool (neuropsychological test battery or brief cognitive test).

Overall, PSCI was shown to impact negatively on functional stroke outcome and activities of daily living®.
Despite the high prevalence of PSCI and its negative functional impact, a gold-standard cognitive screening
tool for PSCI is missing'. Stroke might affect different cognitive domains”% thus the cognitive assessment
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should evaluate at least attention, processing speed, executive functions, episodic memory, language, and visuo-
constructive abilities'. Recent guidelines recommend an early cognitive assessment already in the acute stroke
phase to tailor important therapeutic decisions and patient triage. To date, the most widely used cognitive tests
to investigate PSCI are screening tools (i.e., Montreal Cognitive Assessment [MoCA]® and Mini-Mental State
Examination), which are feasible even in the acute stroke phase'®. However, being primarily developed for
neurodegenerative diseases, these two tools were shown to be less sensitive in the detection of PSCIM-13 and
consequently PSCI remains frequently underdiagnosed and underestimated'®. In contrast, Pendlebury et al.
reported the MoCA as an appropriate brief cognitive tool for the detection of PSCI, though with low sensitivity
to single non-memory domains'. Therefore, the authors recommended a revision of its cutoffs depending on
the aim (screening or diagnosis)">.

Some studies on both healthy and patient populations have stressed the impact of education and age
on the MoCA-score, which have been inconsistently reported as risk factors for PSCI®. Due to their impact
on cognitive performance, recent guidelines recommend the use of education- and age-adjusted norms in the
detection of PSCI'. In their original study, Nasreddine et al. suggested the cutoff of < 26 as indicative of affected
cognition and correction for education by adding 1 point to the MoCA,,,-score in individuals with <12 years
of education’®. A more recent study on healthy elderly demonstrated an effect of age on the MoCA-score with a
linear performance decrease in healthy aging®'. Moreover, the original MoCA cutoff < 26 was not validated, and
both age- and education-specific cutoffs in the stroke population have not yet been investigated despite the high
heterogeneity in age and years of education in this population. In line with the point, several studies adapted
the MoCA cutoff for the detection of mild cognitive impairment in neurodegenerative diseases**~*. For stroke,
two studies identified MoCA cutoff in the acute stroke phase predictive for long-term cognitive impairment, but
not for the detection of PSCI in the acute stroke phase itself?>*. These studies also did not consider the impact
of age and level of education on cognitive performance. However, valid cutoffs for the detection of PSCI in the
acute stroke phase are needed"!4, as the differentiation between patients with and without PSCI is crucial at this
time point when the main therapeutic and triage decisions are made, and the main gain of cognitive function
and therapeutic response occurs*”?. The issue became more relevant with the availability of reperfusion therapy
leading to mild stroke and therefore less apparent cognitive deficits that might be easily overseen in the routine
neurological examination.

Given the great advantages of the MoCA in the acute stroke setting in terms of administration time and
feasibility, and the knowledge on the impact of normal ageing on MoCA performance, we aimed to determine
age- and education-specific MoCA cutofts and assess their discriminant ability for the detection of PSCI in the
acute stroke phase based on a standardized and normalized neuropsychological test battery.

16-20

Methods

Standard protocol approvals, registrations, and patient consents

Written informed consent was obtained from all participants before data collection. The study was approved by
the local Ethics Committee (Kantonale Ethikkommission Bern KEK 2020-02273) and followed ethical criteria
for human research.

Study population and participant recruitment
This study presents a secondary analysis of our prospective longitudinal cohort study investigating post-stroke
cognitive impairment (ClinicalTrials.gov Identifier: NCT05653141). We analysed the data of stroke patients
recruited in our prospective longitudinal study admitted to the Stroke Center of the University Hospital of Bern
between December 16, 2020, and October 10, 2023. Adult patients (age > 18 years) with a first-ever ischemic
stroke in the anterior circulation territory confirmed by MRI examination with symptom onset <10 days were
eligible. Exclusion criteria were: (1) involvement of additional stroke territories; (2) history of stroke in records
or MRI-evidence of previous stroke; (3) neurological or psychiatric comorbidities biasing or precluding the
cognitive assessment (e.g. brain tumor, current depression, dementia, reduced vigilance, delirium); (4) evidence
of pre-stroke cognitive decline according to a structural interview with the informant based on the 7-item
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE)? completed with the patient’s relative
or other informant prior inclusion (score of >3.29 indicates prior cognitive decline)®’; (5) contraindication for
MRI examination; (6) other native language than German, French or Italian; (7) symptom onset > 10 days; (8)
participation in interventional studies influencing outcome; and (9) presence of aphasia based on the clinical
assessment and Token Test (stanine < 8)”*!. Detailed information regarding the inclusion and exclusion criteria
is provided as a flowchart of patients’ recruitment in Supplementary material (Figure S1). We focused on non-
aphasic patients because (i) cognitive deficits in this patient group are less apparent and more difficult to capture,
in contrast to aphasic symptoms that are usually apparent in the routine neurological examination and are
included in NIH Stroke Scale (NIHSS), and (ii) aphasia might bias the cognitive performance in other cognitive
domains hampering the interpretation of neuropsychological performance.

All patients underwent standard treatment according to the European Stroke Organization (ESO) guidelines
and the local Stroke Guidelines.

Patients assessment

Demographic and clinical data were acquired during hospitalization through direct interviews with patients
and from medical records. Trained neurologists assessed stroke severity using the NITHSS at admission and 24 h
post-stroke. Years of education were computed based on guidelines by The Consortium to Establish a Registry
for Alzheimer’s Disease®.
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Neuropsychological assessment

A trained psychologist administered in one session in a predetermined order the MoCA followed by a
standardized multi-domain neuropsychological assessment in the subject’s primary language. Only patients
with a stable neurological condition and sufficient vigilance were included and tested. Considering the duration
and demand of the test battery, efforts were made to ensure the optimal testing conditions to reduce fatigue
and the test burden. The test battery was structured to be performed at the bedside in one session and in
a predefined order to ensure inter-individual comparability. Detailed information on the neuropsychological
assessment and applied standardization has been reported previously” and in Supplementary material (Table S1).
The neuropsychological test battery was designed (i) to assess main cognitive domains in accordance with the
guideline recommendations™*; (ii) to take ~ 60 min to be feasible in the acute stroke phase®*; and (iii) to have
independent validated norms’. In summary, the neuropsychological test battery assessed performance in verbal
learning®, verbal and figural episodic memory®?, constructive abilities®?, short-term and working memory*?,
processing speed*, executive functions®, selective attention®, and spatial neglect®®. Individual performance
was represented by z-scores adjusted for age™, sex, and education®®. PSCI was defined as at least moderate
(z-score < —1.48 or percentile rank < 7) deficit in >2 tested cognitive domains”>"3.

Originally, according to Nasreddine et al.’ patients with <12 years of education receive + 1 on the total raw
score (i.e.,, MOCA, ) score). As this correction for level of education has not yet been validated, we did not add
1 point in patients with < 12 years of education and operated with the MoCA raw score (i.e., MoCA,,,,) without
any adjustments.

Statistical analysis

Continuous variables with normal distribution were summarized by mean and standard deviation (mean + SD),
and compared using parametric tests; non-normally distributed variables were summarized as median and
interquartile range (IQR) and compared using non-parametric statistics. Categorical variables were summarized
by numbers and percentages and compared with y? test.

To ensure the applicability of the cutoffs in the routine clinical practice, and to incorporate the age- and
education-adjustments, the total sample was stratified by (i) age: < 55 years old (i.e., young stroke adults)*’, 55-70,
and > 70 years old*’; and (ii) education level: low (< 12 years of education) versus high (> 12 years of education),
resulting in 6 groups. The applied cutoft for years of education < 12 is the internationally most often used one for
the definition of lower versus higher education level. The optimal MoCA ,,, cutofts were automatically selected
based on the Youden Index*! using the cutpointr package in R*2. For a given cutoff, the Youden Index is calculated
as ‘sensitivity + specificity-1"*! and characterizes the cutoff’s performance with a value ranging between 0 and 1
indicating the worst and the perfect performance respectively. Since we aimed to determine MoCA cutofts to
better discriminate patients with and without PSCI, we opted for the Youden Index which relies on maximizing
both sensitivity and specificity*'. The definition of cutoffs with maximal sensitivity and specificity according to
the Youden Index increases the rate of correctly identified patients both with PSCI (sensitivity) and without PSCI
(specificity). The discriminative abilities of the defined MoCA,,,, cutoffs in the detection of PSCI were examined
using receiver operator characteristic curves for each group and compared with those of MoCA, )< 26. For each
cutoff, the sensitivity, specificity, false negative, false positive, true positive, true negative rates, areas under the
curves (AUCs), positive (LR+) and negative (LR-) likelihood ratios with 95% CI were calculated. The latter two
measures are discussed as the most appropriate ones for the assessment of cutoffs’ diagnostic performance®.
LR+is the ratio of the proportion of patients who have the target condition and a positive test to the proportion
of patients without the target condition who also test positive. LR— is the ratio of the proportion of patients who
have the target condition who test negative to the proportion of patients without the target condition who also
test negative**. Higher LR+and a lower LR- indicate the better performance of a test*.

All analyses were performed using R statistical software version 4.1.2 (R Studio Version 4.1.2); two-tailed
statistics are reported.

Results

Patients characteristics

We prospectively included 351 patients with acute first-ever ischemic stroke, from whom 206 (58.7%) patients
underwent recanalization therapy. Consequently, most patients suffered only mild stroke (NIHSS 24 h=2 [0-3.5];
range 0-23, NIHSS <5 in 86.6% of patients). Stroke severity was comparable across age groups (Kruskal-Wallis
test x2=0.609, p=0.737). Table 1 reports patients’ demographic and clinical characteristics.

All patients underwent the neuropsychological assessment and the MoCA test 2.7 +2.0 days post-stroke.
The median MoCA,,,,-score was 24 (21-27), 57.5% of patients (n=202) performed below the original cutoff
of <26 which was suggested to be indicative of pathological performance’. MoCA-scores differed across
demographic groups, with higher scores in patients with higher than lower education (median MoCA,,,, 26
[23-27] versus 22 [18-25] respectively, Mann-Whitney W =22,373, p<0.001) and with younger age (median
MoCA,,,, 27 [24-28] in patients < 55 years, 25 [22-27] in patients 55-70 years, and 23 [20-26] in> 70 years,
Kruskal-Wallis test x*=31.422, p <0.001; Table 2). According to the detailed neuropsychological assessment,
70.7% of patients (n=248) had PSCI (at least moderately affected performance [z-score < —1.48] in > 2 cognitive
domains). The prevalence of PSCI was comparable across age groups (66.2%, 69.7%, and 73.1% in ascending
order for age groups, x>=1.146, p=0.564), however, patients with higher education had less prevalent PSCI
(61.5% vs. 81.1%, x>=15.258, p<0.001; Table 2). The prevalence of PSCI according to the neuropsychological
testing and MoCA, ) cutoff < 26 differed significantly across patient groups with the largest mismatch in younger
adults (66.2% vs. 32.3% correspondingly, x*=13.572, p<0.001) and adults with higher education level (61.5%
vs. 46.0% correspondingly, x*=28.432, p=0.004). In the total sample, 27.8% (n=69) of patients with PSCI
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Clinical characteristics N=351

Age, years (median, IQR) 69.3 (58.6-77.7)
Sex, female (%) 148 (42.2)

Years of education 13.0 (12.0-14.5)
Time of neuropsychological assessment, days post-stroke 2.0 (1.0-3.0)
NIHSS at admission 3.0 (1.0-8.0)
NIHSS 24 h 2.0 (0.0-3.5)
Recanalization therapy, yes 206 (58.7)
Lesion location, right 220 (62.7)
Diabetes mellitus 45 (12.8)

Atrial fibrillation 58 (16.5)
Arterial hypertension 241 (68.7)
Hyperlipidemia 289 (82.3)
Smoking 110 (31.3)
Coronary heart disease 101 (28.8)

Body mass index 26.1 (23.3-30.0)
Pre-stroke cognitive status (IQCODE) 3.0 (3.0-3.0)
MoCA,,,, 25.0 (21.0-27.0)
MoCA,,, 24.0 (21.0-27.0)
Presence of acute PSCI in>2 domains 248 (70.7)

Table 1. Sample characteristics. Abbreviations: IQCODE, Informant Questionnaire on Cognitive Decline

in the Elderly; IQR, interquartile range; MoCA, Montreal Cognitive Assessment; MoCA,,,), original MoCA-
score with correction for years of education (+1 if years of education <12); MoCA,,,, MoCA-score without
correction for years of education; NIHSS, National Institutes of Health Stroke Scale; PSCI, post-stroke
cognitive impairment. Data are presented as frequencies (%) for categorical variables; continuous variables are
presented as median (25-75 IQR).

had a MoCA,,)-score > 26 i.e., were false negative cases, and 22.3% (n=23) of patients without PSCI had a
MoCA,, )-score <26 i.e., were false positive cases. Thus, altogether 26.2% of patients from the whole sample have
been falsely classified based on the MoCA . cutoff < 26.

Age- and education-specific MoCA cutoffs and their comparisons with the original cutoff
Based on the Youden Index, we calculated the age- and education-specific MoCA,,,, cutoffs and compared their
discriminative abilities to the original MoCA,, cutoff of <26 (Table 2). Figure 1 and Figures S2-S4 display the
sensitivity, specificity, and AUC of the original cutoff of MoCA, )< 26 and the newly defined MoCA,,, cutoffs,
across different patient groups.

In patients <55 years old with <12 years of education, the optimal MoCA,,,, cutoff according to the
Youden Index was < 26 (sensitivity =75.0%; specificity =75.0%; AUC=0.763; LR+ =3.00, 95% CI [0.54-16.69];
LR-=0.33, 95% CI [0.13-0.86]) showing better performance compared to the original MoCA,, , cutoff of <26
(sensitivity = 60.0%, specificity =75.0%, AUC=0.675, LR+ =2.40 [0.42-13.60], LR—=0.53 [0.24-1.16]). Please
note, that the new MoCA,,,, cutoff < 26 differs from the original MoCA, ) cutoff of <26 as we did not add + 1 to
the raw score for patients with lower education. In patients <55 years old with > 12 years of education, the optimal
MoCA,,,, cutoff according to the Youden Index was <28 (sensitivity = 69.6%, specificity =77.8%, AUC=0.818,
LR+=3.14 [1.27-7.74], LR-=0.39 [0.20-0.76]) showing better performance compared to the original MoCA,
cutoff (sensitivity = 34.8%, specificity=100%, AUC =0.674, LR+ =infinite, LR—=0.65 [0.48-0.88], Figure S2).

In patients 55-70 years old with <12 years of education, the optimal MoCA,,,, cutoft according to the Youden
Index was < 26 (sensitivity = 82.5%, specificity = 100.0%, AUC =0.898, LR+ = infinite, LR—=0.18 [0.09-0.34])
showing better performance compared to the original MoCA,,, cutoff (sensitivity =77.5%, specificity = 100%,
AUC=0.887, LR+ =infinite, LR-=0.23 [0.13-0.40]). Again, please note, the MoCA,,,, differed from the MoCA,
as we did not add + 1 for patients with lower education. In patients 55-70 years old with > 12 years of education,
the optimal MoCA,,,, cutoff according to the Youden Index was <26 (sensitivity = 65.1%, specificity = 82.8%,
AUC=0.811, LR+=3.78 [1.65-8.63], LR—=0.42 [0.27-0.65], Figure S3). Thus, for this group, the original cutoft
was confirmed.

In patients > 70 years old with <12 years of education, the optimal MoCA,,,, cutoff according to the Youden
Index was <22 (sensitivity =61.6%, specificity =90.0%, AUC=0.827, LR+=6.16 [1.63-23.24], LR—=0.43
[0.31-0.59]) showing much better specificity, but worse sensitivity compared to the original MoCA,,, cutoff
(sensitivity = 86.3%, specificity =55.0%, AUC=0.707, LR+=1.92 [1.17-3.14], LR-=0.25 [0.12-0.50]). In
patients> 70 years old with > 12 years of education, the optimal MoCA,,, cutoff value according to the Youden
Index was <25 (sensitivity = 63.3%, specificity = 84.0%, AUC=0.781, LR+=3.96 [1.57-9.95], LR-=0.44
[0.29-0.66]) showing overall better performance compared to the original MoCA,  cutoff (sensitivity =75.5%,
specificity = 68.0%, AUC=0.718, LR+ =2.36 [1.30-4.27], LR— =0.36 [0.21-0.63], Figure S4).
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PSCI

prevalence, | 83.3 56.1 85.1 59.7 75.5 66.2

%

MoCA,1

(median, | 25 (22-27) 28 (26-28) 23 (19.5-27) 26 (24-27) 22 (18-25) 25 (22-26.8)

IQR)

MoCA new, 26* original, 26 | new, 28 original, 26 | new, 26° original, 26 | new, 26 original, 26 | new, 22 original, 26 | new, 25 original, 26

cutoff g g g g g g

AUC 0.763 0.675 0.818 0.674 0.898 0.887 0.811 0.811 0.827 0.707 0.781 0.718

SIS 750 60.0 69.6 3438 82.5 775 65.1 65.1 61.6 86.3 63.3 755

f/fedﬁdty’ 75.0 75.0 77.8 100.0 100.0 100.0 82.8 82.8 90.0 55.0 84.0 68.0

LR+(95% | 3.00 (0.54— |2.40 (0.42- |3.14 Infinite Infinite Infinite 378 3.78 6.16 (1.63- | 1.92 3.96 2.36

o)) 16.69) 13.60) (1.27-7.74) (1.65-8.63) | (1.65-8.63) | 23.24) (1.17-3.14) | (1.57-9.95) | (1.30-4.27)

LR-(95% |0.33 0.53 0.39 0.65 0.18 0.23 0.42 0.42 0.43 0.25 0.44 0.36

cn (0.13-0.86) | (0.24-1.16) | (0.20-0.76) | (0.48-0.88) | (0.09-0.34) | (0.13-0.40) | (0.27-0.65) | (0.27-0.65) | (0.31-0.59) | (0.12-0.50) | (0.29-0.66) | (0.21-0.63)

Youden 0.50 035 0.47 035 0.83 0.78 0.48 0.48 0.52 0.41 0.47 043

Index

False

negative 25.0 40.0 304 65.2 17.5 225 349 349 38.4 13.7 36.7 245

rate, %

False

positive 25.0 25.0 222 0.0 0.0 0.0 17.2 17.2 10.0 45.0 16.0 32,0

rate, %

Accuracy, % | 75.0 62.5 732 63.4 85.1 80.9 722 722 67.7 79.6 70.3 73.0
Table 2. Discriminative abilities of the newly defined MoCA,,,, (new) and the original MoCA,,  (original)
cutofls stratified by age and education groups. Abbreviations: AUC, area under the receiver operating
characteristic curve; IQR, interquartile range; LR+, Likelihood ratio for positive results; LR—, Likelihood ratio
for negative results; MoCA, Montreal Cognitive Assessment; original, MoCA,, )-score with correction for years
of education (+ 1 if years of education < 12); new, MoCA,,,,.score without correction for years of education.
“Please note, that the new MoCA,,, cutoff < 26 differs from the original MoCA,,, cutoff of < 26 as we did not
add +1 to the raw score for patients with lower education.

A) Sensitivity of the MoCA cutoffs B) Specificity of the MoCA cutoffs
100.0 100.0
1000 1000
Years of education 90.0
<12 12 825 86.3 - 84.0
77.5 ” 750 | 778
- 75.0 ' i o
69.6 .
g oD 65.1 61.6 63.3 g
600 600 55.0
400 400
200 200
00 00
<55 5570 >70 <55 55.70 >70
Age (years) Age (years)

Fig. 1. Diagnostic accuracy of MoCA cutoffs across patients groups stratified by age and level of education. The
new defined cutofts provided higher sensitivity for younger stroke adults and higher specificity for older ones.
(A) Sensitivity of the new defined MoCA,,,, cutoffs (black) and of the original MoCA, ) cutoff <26 (blue). (B)
Specificity of the new defined MoCA,,,,, cutoffs (black) and of the original MoCA,,, cutoff< 26 (blue).
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In conclusion, the original MoCA,,, cutoff <26 had lower sensitivity compared to new cutoffs in young
stroke adults due to a high number of false negative cases (53.5% versus 27.9% with the new cutoft) and lower
specificity in older adults>70 years old due to a high number of false positive cases (37.8% vs. 13.3% with the
new cutoff; Table 2).

The new cutoffs were automatically derived to maximize both sensitivity and specificity, as indicated by the
Youden Index. Nonetheless, it is acknowledged that the emphasis on either sensitivity or specificity may vary
depending on the aim. Table S2 provides a comprehensive overview of the sensitivity, specificity, accuracy, and
AUC of MoCA,,,, cutoffs ranging from 22 to 28 for each group.

Discussion

The MoCA is a quick and feasible brief cognitive tool, but its cutoff for the detection of PSCI in the acute stroke
phase has been barely investigated. To increase the utility of the MoCA in detection of PSCI, we investigated the
performance of the original cutoff across age- and education-specific patient groups and defined new cutofts
with higher discriminant ability. The original MoCA,, cutoft showed low sensitivity in younger stroke adults
(<55 years old) and low specificity in older adults (> 70 years old). The newly defined cutoffs demonstrated better
performance by considering age and level of education.

In previous studies, the most often reported cutoffs for the detection of PSCI in the acute stroke phase were
22/2311234647 which were confirmed by recent meta-analyses as the cutoffs showing better diagnostic accuracy
in stroke patients*®*. Similarly, Salvadori and colleagues reported <22 as the best cutoff to longitudinally
predict PSCI at 6 to 9 months®®. For the subacute phase and after 3 months post-stroke, the most frequently
reported cutoff was <26°%!, In the present study, 70.7% of included patients suffered from PSCI based on the
neuropsychological assessment, whereas 57.5% had a MoCA-score < 26 and only 25.9% had a MoCA-score <22,
stressing that neither the original® nor the recently suggested stroke-specific cutoffs!*>264647 represents a reliable
cutoff in the detection of PSCI. This can be explained by the fact that previous studies identified and tested the
cutoffs without considering age and levels of education. These two demographic factors have been shown to
influence cognitive performance'®-* and should be considered in the interpretation of cognitive assessment'.
In line with the point, previous studies providing normative data for the MoCA stressed the importance of
considering age and level of education to increase its reliability and validity in clinical practice and research
detecting MCI'"®-%°. In contrast to neurodegenerative diseases, the stroke population shows higher heterogeneity
in age by including all age decades and hence the consideration of age in the assessment of cognitive performance
is unavoidable. In the present study, we showed that age and level of education significantly impact MoCA
performance after stroke. By considering age and years of education, we identified new MoCA,,,, cutoffs for
patients with <12 years of education: <26 and <22, for patients <70 and > 70 years old correspondingly. For
patients with > 12 years of education, the cutoffs were: <28, <26, and < 25 for <55, 55-70, and > 70 years old
correspondingly (Table 3).

The cutoff of <26 was optimal in patients aged 55-70 both with higher and lower years of education, and in
those aged < 55 with <12 years of education. However, it should be considered that the MoCA,,,, differs from the
original MoCA,,) as patients with <12 years of education did not receive correction with + 1 point. Specifically,
in patients with <12 years of education, a MoCA,,,, of 26 corresponds to an original MoCA, ) of 27°. In young
stroke adults < 55 years old, the newly defined cutoffs increased the sensitivity at the expense of specificity.
Conversely, in older patients (>70 years old) the newly defined cutoffs increased the specificity at the expense
of sensitivity. The choice of the cutoft in favour of a higher sensitivity or specificity depends on the diagnostic
aims®!: e.g. whether the overall correct differentiation between patients with and without pathology is needed
or whether the screening for pathology with higher sensitivity is more appropriate. The former represented the
aim of the present study, and correspondingly the new cutoffs performed better when the performance was
evaluated with Youden Index, AUC, LR+, and LR-. In the present study we report a comprehensive overview of
the discriminant ability of MoCA cutoffs between 22 and 28, for six demographic groups.

Our study sample was characterised by mainly mild stroke severity. Despite this, PSCI was present in 70.7% of
patients. In patients with evident and severe neurological impairment, like aphasia and motor deficits, it is easier
to decide on further patient care, triage, and rehabilitation indication, while less apparent cognitive deficits can
be overseen in a routine neurological examination. In these patients, it is therefore essential to assess cognitive
functions in the acute stroke phase’, at least with a screening tool or a short neuropsychological assessment,
which must have acceptable discriminant ability. With the MoCA,, ) cutoft < 26, PSCI would be underdiagnosed
in every second patient < 55 years old, and these patients would not have received the necessary rehabilitation,
despite the high daily demand considering the ability to drive, to work, and family responsibilities associated
with high societal burden®. Conversely, in elderly patients > 70 years old, the original MoCA, , cutoff < 26 would
erroneously diagnose PSCI in more than one-third of them, which might lead to wrong triage, and unnecessary

Age
Education <55 55-70 >70
<12 years 26 26 22
>12 years 28 26 25

Table 3. Newly defined MoCA,,,, cutoffs for detection of PSCI (of note, + 1 was not added in patients
with <12 years of education).
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increase the costs for assistance service and care or admission to nursing homes. In line with the point, the low
specificity of the original MoCA, ) cutoff was also shown for dementia diagnosis with 40% of people without
dementia being incorrectly diagnosed™. This stresses the low validity of the original MoCA,,, cutoff and the
importance of adapting it based on age and education level'® when screening for PSCI.

Although the new cutoffs performed better than the MoCA, ) < 26 cutoff, some factors limiting the validity
of MoCA are to be considered. First, though the MoCA incorporates tests for essential cognitive domains, some
relevant cognitive domains are omitted but were assessed in the neuropsychological testing (e.g. visuospatial
neglect, learning abilities, figural memory, processing speed). Second, several cognitive tasks in MoCA are
too simple and insensitive for younger adults or subjects with higher education level leading to the ceiling
effect and consequently poor MoCA validity in the detection of PSCI. For example, digit span backward in the
MoCA test with only 3 numbers corresponds to normal performance in subjects aged = 65%. Another critical
aspect is the weighting of the specific deficits. For example, tasks for executive functions (short trail-making
test, abstraction, working memory) are scored with 4/30, whereas the orientation might be overrepresented in
MoCA with 6/30. The structure of MoCA subtests, their weighting, and ceiling effects can explain the still not
optimal discrimination ability in young adults and subjects with higher education level as e.g. in patients aged <55
and > 70 with higher educational level the sensitivity was <70% (= poor).

The present study has some limitations. We excluded patients with aphasia, due to the impact of language
deficit on cognitive performance. Cognitive deficits in patients with aphasia are also frequent, but as aphasia as a
cognitive syndrome is more apparent in the clinical routine examination than e.g. executive deficits, the presence
of PSCI in them is usually not misdiagnosed. Further, though the new cutofts enhanced the MoCA's ability to
differentiate patients with and without PSCI, they increased the implementation demand by operating with 4
different cutoffs. Due to the small sample size in some groups, we decided not to perform an internal cross-
validation, and further external validation is needed. Furthermore, the new cutoffs for patients aged > 70 years
largely improved the specificity though by reducing the sensitivity and increasing LR—. However, as the aim of
the study was improvement of diagnostic ability, the newly automatically identified cutoffs performed overall
significantly better in this group especially when considering LR+. However, the choice of a cutoff with higher
sensitivity or specificity depends on the screening aims, therefore we provided transparently the discriminant
abilities for cutoffs range 22-28 for all six demographic groups in the Supplements. Some sub-cohorts in the
present study were small and larger samples or further adjustments, e.g. for sex, could allow further fine-tuning
of the discriminant ability of MoCA cutoffs. However, we do believe that the limitations of MoCA test discussed
above—subtests structure and ceiling effects—do not allow an excellent identification of PSCI across young
stroke adults and patients with higher education level. In addition, one might doubt whether the binary cutoffs
for global cognition are helpful in patient care. Rather the development of a new unitary approach assessing
cognitive profiles in stroke—e.g. similar to the Oxford Cognitive Screen®*—but specific for different age and
level of education groups might represent a more promising option to improve the detection of PSCI. The
strengths of the present study include (i) the application of comprehensive neuropsychological assessment for
the evaluation of PSCI, (ii) the application of strict criteria for the definition of PSCI, and iii) the development
of cutoffs considering age and level of education.

To summarize, age and education level should be considered in evaluation of MoCA performance. The
newly defined cutoffs increase the ability to differentiate stroke survivors with and without PSCI and thus
potentially improving further patients’ care, triage, and rehabilitation. However, despite these improvements,
the performance of the MoCA in the detection of PSCI in young stroke adults and adults with higher education
level was suboptimal and cautious interpretation in these patients is warranted.

Data availability
Anonymized data will be shared upon reasonable request by a qualified investigator to the corresponding author
after approval of the local ethics committee.
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