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Objective: The primary objective was to develop
a Swedish short version of the Montreal Cognitive
Assessment (s-MoCA-SWE) for use with patients
with stroke. Secondary objectives were to iden-
tify an optimal cut-off value for the s-MoCA-SWE to
screen for cognitive impairment and to compare its
sensitivity with that of previously developed short
forms of the Montreal Cognitive Assessment.
Design: Cross-sectional study.

Subjects/patients: Patients admitted to stroke and
rehabilitation units in hospitals across Sweden.
Methods: Cognition was screened using the Mont-
real Cognitive Assessment. Working versions of the
s-MoCA-SWE were developed using supervised and
unsupervised algorithms.

Results: Data from 3,276 patients were analysed (40%
female, mean age 71.5 years, 56% minor stroke at
admission). The suggested s-MoCA-SWE compri-
sed delayed recall, visuospatial/executive function,
serial 7, fluency, and abstraction. The aggregated
scores ranged from 0 to 16. A threshold for impai-
red cognition=12 had a sensitivity of 97.41 (95%
confidence interval, 96.64-98.03) and positive pre-
dictive value of 90.30 (95% confidence interval
89.23-91.27). The s-MoCA-SWE had a higher abso-
lute sensitivity than that of other short forms.
Conclusion: The s-MoCA-SWE (threshold=12)
can detect post-stroke cognitive issues. The high
sensitivity makes it a potentially useful “rule-out”
tool that may eliminate severe cognitive impair-
ment in people with stoke.
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(LAY ABSTRACT A
Stroke survivors have an increased risk of developing
cognitive impairment, a common consequence of stroke.
Therefore, many international guidelines recommend
cognitive screening for all patients admitted to hospital
with stroke. The Montreal Cognitive Assessment (MoCA)
has been recommended as an appropriate cognitive test
to be applied in stroke units. Although the administration
of MoCA takes approximately 15 min, the screening can
take longer in patients with acute stroke. Therefore, this
study aimed to develop a Swedish short version of the
Montreal Cognitive Assessment (s-MoCA-SWE) based on
data from a large Swedish sample of acute and early sub-
acute stroke survivors. The current study analysed data
from 3,276 patients and suggest an s-MoCA-SWE that
comprised the following tasks: delayed recall, visuospa-
tial/executive function, serial 7, fluency, and abstraction.
The s-MoCA-SWE could identify cognitive impairment
in 97% of patients. In conclusion, s-MoCA-SWE has the

Q)otential to rule out severe cognitive impairment. J

Stroke survivors have an increased risk of developing
cognitive impairment (1, 2), a common consequence
of stroke, and a condition related to dependency and
limited participation in activities of daily living (3).
Failure to detect cognitive impairment may lead to mis-
sed opportunities for early intervention and adaptation
to healthcare pathways. Hence, many international gui-
delines recommend cognitive screening for all patients
admitted to hospital with stroke (1, 2).

Poststroke impairments and pre-morbid conditions
can hinder comprehensive cognitive evaluation (4).
Moreover, many traditional cognitive assessments can
be time- and resource-demanding (1, 2). Therefore,
screening tools for global cognition, such as the Mont-
real Cognitive Assessment (MoCA), have been recom-
mended as appropriate cognitive tests to be applied in
stroke units (1, 2). The MoCA is a feasible tool to screen
cognitive function in people with mild to moderate
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stroke, administration takes approximately 10—15 min,
it is easy to use, and its correlation with cognitive and
functional outcomes has been reported (5). However,
screening time can be longer in patients with acute
stroke, especially if patients are medically unwell or
have concomitant physical and sensory impairments
(6). Therefore, several abbreviated versions of the
MoCA have been devised to improve the utility of
cognitive screening, including a telephone version of
the MoCA (T-MoCA), a version recommended by the
National Institute of Neurological Disorders and Stroke
and the Canadian Stroke Network (NINDS-CSN), and
the Short Form MoCA (SF-MoCA) (7-15). Validation
studies of the available short versions of the MoCA
were performed mainly with patients in the later stages
of stroke (8) or non-stroke cohorts (7). Thus, there is a
need to develop and evaluate a short form of the MoCA
that is sensitive to detect cognitive impairment early
in the stroke journey. In addition, a new instrument
must be tested in the context in which it will be used,
including in specific healthcare settings and languages.

Therefore, the aim of this study was to develop
a Swedish short version of the Montreal Cognitive
Assessment (s-MoCA-SWE) using data from a large
Swedish sample of acute and early subacute stroke
survivors (objective 1). To facilitate the use of the
s-MoCA-SWE, a further aim of this study was to
identify the optimal threshold for detecting cogni-
tive impairment and compare the properties of the
s-MoCA-SWE with those of previously developed
short forms of MoCA (objective 2).

METHODS

The study protocol has been published previously (16).
This study was reported in accordance with the Stan-
dards for Reporting Diagnostic Accuracy in Dementia
and Cognitive Impairment guidelines (17).

Study design and sample

This cross-sectional study consisted of data from 2
cohorts: a Swedish registry cohort and the Efficacy
oF Fluoxetine — a randomisEd Controlled Trial in
Stroke (EFFECTS) trial cohort (18). The registry co-
hort comprised data from 2 sources: Viststroke and
Riksstroke. Viststroke is a local stroke registry in
Gothenburg, Sweden. All patients admitted for stroke
at 3 stroke units at the Sahlgrenska University Hospital
(catchment population 800,000) were registered. Using
the patients’ unique personal identification number,
the Viststroke register was linked with Riksstroke, a
national stroke registry in Sweden (19). Data linkage
allowed individual person-level access to Viststroke
cognitive data and Riksstroke information on prehospi-
tal status and medical treatment. The registry data were
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extracted for the period from 1 November 2014 to 30
June 2019. Stroke patients from 35 centres in Sweden
were enrolled in the EFFECTS trial (18). Data were
collected from 20 October 2014 to 28 June 2019 (18).

The inclusion criteria for this study were complete
MoCA data, age>18 years at stroke onset, and stroke
diagnosis according to the International Classification
of Diseases. The exclusion criterion was missing data
on individual tasks of the MoCA.

Study procedures
The registry and EFFECTS datasets were aligned ba-
sed on variables common to both datasets. Cognitive
screening was performed during the acute and early
subacute phases of stroke (20). Official training in the
MoCA, created by copyright holders, was not man-
dated during the study period. However, all assessors
had received specific training and had experience in
administering the MoCA according to local standards.
Experienced occupational therapists working in
stroke units administered the MoCA. The patients
were approached at any time during their stay in the
stroke units (median length of stay in the acute stroke
units was 7 days). In the EFFECTS trial, the MoCA
was administered by clinical study personnel or by
local occupational therapists; cognitive function was
screened 2 and 15days after the onset of stroke and
prior to randomization. In both datasets, decisions
regarding suitability for screening were made by health
professionals. The MoCA was not conducted if patients
were unable to complete the test due to severe stroke
complications, such as severe aphasia and/or delirium.

Study variables
The total MoCA score ranges from 0 to 30 (<25 indi-
cates cognitive impairment). One additional point is
given for<12 years of education (21). In the current
study dataset, the MoCA tasks were registered as fol-
lows (a maximum number of points indicates a perfect
outcome): orientation (6 points [date and place]),
delayed recall (5 points [free recall of 5 words]),
visuospatial/executive function (5 points [trails test,
cube, clock]), naming (3 points [naming of 3 animals]),
digit span with 2 tasks (2 points [forward repetition of
5 digits and backward repetition of 3 digits]), sentence
repetition (2 points [repetition of 2 sentences with dif-
ferent complexity]), abstraction tasks (2 points), serial
7 (3 points [100 — 7 serial subtraction task]), fluency
(1 point [generating a minimum of 11 words or more
in 60 s that begin with letter F), and attention (1 point
[sequence of letters is read and patient has to tap their
hand on letter A]).

Stroke severity at admission was assessed using the
National Institutes of Health Stroke Scale (NIHSS) (22),
minor stroke was defined as an NIHSS score of <3 (23).
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Comparator index tests: previously developed short
forms of the MoCA

There are many different versions of the short MoCA
(7). Three versions are used in research and clinical
practice; all 3 use the variables that were available in
the current study dataset. The T-MoCA comprises the
following tasks: delayed recall, digit span, attention
(sequence of letters), serial 7, sentence repetition,
fluency, abstraction, orientation (9). The total score
on the T-MoCA consists of 22 points, with< 18 points
indicating impaired cognition (9); the NINDS-CSN
(10, 12—14) includes delayed recall, fluency, and
orientation. The total score consists of 12 points,
with<9 points indicating impaired cognition (9, 11).
The SF-MoCA contains delayed recall, serial 7, and
orientation (7, 8) a total score of 14 points is possible,
with<11 points indicating impaired cognition.

Statistical analysis
Detailed information is presented in Appendix S1.

Objective 1. To develop a Swedish short version of
the Montreal Cognitive Assessment for cognitive
screening in patients with stroke (s-MoCA-SWE).
Two different methods were used to identify the most
important MoCA tasks that should be included: prin-
cipal component analysis (PCA) (24, 25) and boosted
regression trees (BRT) (26, 27). The PCA helps to
simplify information by reducing the dimensionality
of the data without losing important information. BRT
select tasks based on a reference standard instrument,
which in this case was the complete MoCA.

PCA and BRT each resulted in a working version of
a plausible short form: the s-MoCA-SWE/PCA and
s-MoCA-SWE/BRT. Patients were then classified to
cognitive impairment (no/yes) using separate binary
logistic regression models that included the selected
MoCA tasks as independent variables (expanded met-
hods). Because the s-MoCA-SWE is a screening tool,
greater weight was placed on reducing the number of
false-negatives; therefore, sensitivity was used as the
primary measure of accuracy (16).

Objective 2. To identify the optimal threshold for
detecting cognitive impairment and compare the pro-
perties of the s-MoCA-SWE with those of previously
developed short forms of the MoCA. The threshold
for cognitive impairment on the s-MoCA-SWE was
achieved by evaluating the coordinate points of the
receiver operating characteristic curve and precision-
recall curve.

Contingency tables were created for comparing
the properties of the s-MoCA-SWE with those of
previously developed short forms of the MoCA. A
dichotomized s-MoCA-SWE (<12 points for impai-
red cognition) was compared against a dichotomized
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T-MoCA (10), NINDS-CSN (9, 11), SF-MoCA (7, 8),
and the complete MoCA (all at usual diagnostic thres-
holds). Sensitivity, specificity, positive and negative
predictive values, positive and negative likelihood
ratios, Youden’s index, and accuracy (overall pro-
bability that a patient is correctly classified) were
calculated. The area under the receiver operating
characteristic curve (AUC) for each test was eva-
luated. An AUC value of 0.8-0.9 was considered
excellent and a value of more than 0.9 was considered
outstanding (28).

Subgroup analyses were performed to evaluate the
properties of the s-MoCA-SWE in 2 age groups
(£79 years and>80 years; 80 years is the median
and mean age for dementia diagnosis in Sweden),
stroke severity (minor stroke was defined as an
NIHSS score<3 (22)), and previous stroke/transient
ischaemic attack (16).

All statistical tests were two-tailed. The significance
level was set at a=>5%. The data were analysed using
SPSS (IBM Corp. Released 2018. IBM SPSS Statistics
for Windows, version 28.0. Armonk, NY: IBM Corp.)
and R, version 4.0.2 (R Core Development Group).

RESULTS

Participants
The registry cohort comprised 6,444 patients and the
EFFECTS cohort included data on 1,500 patients.
Of these, 3,276 patients had full MoCA data and
were included in the study (Fig. 1). Included patients
(n=3,276) compared with excluded patients (n=4,668)
had a lower median age, 73 years vs 77 years
(»<0.001), and a lower proportion of female patients
(»<0.001) (Table SI).

Of the 3,276 patients included in the study, cognitive
impairment, defined as a raw MoCA score<25, was pre-
sent in 66% of the study sample (Tables I, SII and SIII).

Development and determination of the s-MoCA-SWE
Principal component analysis

The data were suitable for detecting underlying com-
ponents using principal component analyses (Bartlett’s
test of sphericity, p<0.0001; Kaiser—Meyer—Olkin’s
measure was 0.88). The MoCA variable “Tap on
A” had a communality value of<0.3 and was the-
refore excluded from further analysis (Table SIV).
The model that used the varimax rotation method
included 9 tasks of the MoCA. Two components
were selected (Fig. S1, Table SV). These components
were composed of 5 tasks of the MoCA having a
loading value>0.6 (Table SVI). The s-MoCA-SWE/
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EFFECTS, n = 1,500

Registry data, n = 6,444
(20 October 2014 — 28 June 2019)

(1 November 2014 — 30 June 2019)

Excluded, n = 4,454 (several answers could be Excluded, n =214

registered on alternatives) *Language and/or communication impairment
*Aphasia (n = 489) (n =46)

*Does not speak Swedish (n = 335) *No time for screening (n = 21)

»Severe cognitive impairment before stroke (n = 546) «Patient does not feel well (n = 13)

*Hearing impairment (n = 58) « Stroke-related cognitive impairments (n = 8)
+Visual impairment (n = 172) «Paresis in upper limb (n = 19)

»Bedridden patient (n = 130) ] [« Visual/hearing impairment (n = 8)

+Patient does not want (n = 95) +Patients is tired (n = 31)

*Not relevant according to OT (n = 513) «Other reasons/unclear why MoCA was not

*OT has no time for screening (n = 508) administrated (n = 52)

«Patient cannot hold a pen (n = 141) «Missing data on at least one MoCA task (n = 16)
«Patient has deceased (n = 87)

*No answer in why MoCA was not performed (n = 76)
*Missing data on at least one MoCA task (n = 12)
*Unclear why MoCA was not administrated (n=1,677)

Patients with full MoCA data n = 1,990 ’ Patients with full MoCA data, n = 1,286

[ ]
I
The study sample, n = 3,276

Fig. 1. Flow diagram of the study sample selection. EFFECTS: Efficacy oF Fluoxetine — a randomisEd Controlled Trial in Stroke; MoCA: Montreal
Cognitive Assessment; OT: occupational therapist.

Table I. Characteristics of the total study sample (n=3,276) of the combined registry and EFFECTS cohorts

Characteristics Pooled data n=3,276 Registry cohort n=1,990 EFFECTS cohort n=1,286

1,311 (40) 825 (42) 486 (38)
71.5 (12.1) 71.8 (13.4) 71.0 (10.8)

Female sex, n (%)
Age, years, mean (SD)

Median (minimum-maximum, [IQR]) 73 (18-100 [15]) 74 (18-100 [16]) 72.3 (21-95 [14])
Lived alone before stroke, n (%) 1,341 (45) 870 (51) 471 (37)
Independent in ADL before stroke, n (%) 2455 (85) 1,218 (76) 1,237 (96)
Having diabetes, n (%) 604 (19) 342 (18) 263 (21)
Previous TIA or/and stroke, n (%) 357 (12) 131 (8) 226 (18)
Stroke severity at admission, NIHSS, Mean (SD) 4.7 (5.3) 5.3 (6.4) 4.2 (3.4)

Median (minimum-maximum [IQR]) 3 (0-33 [5]) 2 (0-33[8]) 3 (0-20 [4])

Minor stroke, NIHSS <3 p, n (%) 1,544 (56) 848 (57) 696 (54)
Stroke type, n (%)

Intracerebral haemorrhage 299 (9) 151 (8) 148 (12)

Ischaemic stroke (IS) 2,933 (91) 1,796 (92) 1,137 (88)

Stroke, not specified 7 (<0.1) 6 (0.3) 1(0.1)
Reperfusion treatment for IS, n (%)

Thrombolysis 483 (15) 212 (11) 271 (22)

Thrombectomy 180 (6) 102 (6) 78 (7)
Discharge destination from the stroke units, n (%)

Own, or relatives’ home 1,763 (62) 1,016 (66) 747 (58)

Residential or long-term NHS home 411 (15) 365 (23) 48 (4)

Other hospital 541 (19) 164 (11) 377 (29)

Other 121 (4) 6 (0.4) 115 (9)
MoCA score (1-31 p)?, Mean (SD) 23.2 (4.8) 23.5 (4.6) 22.8 (5.2)

Median (IQR) 24 (6) 25 (6) 24 (7)

Impaired cognitive function (<25 p), n (%) 2,006 (61) 1,189 (60) 817 (64)
MoCA score, (raw score 0-30 p)®, Mean (SD) 22.7 (4.9) 23.0 (4.7) 22.2 (5.3)

Median (IQR) 24 (6) 24 (6) 23 (7)

Impaired cognitive function (<25 p), n (%) 2,159 (66) 1,281 (64) 878 (68)

+ 1 p for<12 years of education, n (%) 1,699 (52) 981 (49) 718 (56)

aMoCA scores with an extra point for <12 years of education; ®MoCA score without an extra point for education.
Proportion of missing data: Living arrangements before stroke, 9%; ADL before stroke, 11%; Having diabetes, 1%; Previous TIA/stroke, 9%; Stroke type, 1%;
Stroke severity, 15%; Discharge destination, 13%. The sum of observation in registry and EFFECTS cohorts may vary due to missing data.

SD: standard deviation; IQR: interquartile range; ADL: activities of daily living; TIA: transient ischaemic attack; NIHSS: National Institutes of Health Stroke
scale; NHS: nursing homes; MoCA: Montreal Cognitive Assessment; EFFECTS: Efficacy oF Fluoxetine — a randomiskEd Controlled Trial in Stroke.

PCA was created by summing the scores of the
tasks with the highest loading values: orientation,
delayed recall, visuospatial/executive function,

repetition, and digit span (Fig. 2). The aggregate score
sum was 20, ranging from 0 to 20, with higher values
indicating better cognitive function.
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s-MoCA-SWE/EFA (score range 0 - 20 p)

Digit span

Repetition

Visuospatial/executive function

Delayed recall

o Exploratory factor analyses (EFA)

0 0.2 0.4 0.6 0.8
The MoCA item loadings

s-MoCA-SWE/BRT (score reange 0 - 16 p)

Abstraction

Boosted Regression Trees (BRT)

o 10 20 30 40
The MoCA items' relative influence value *100

Fig. 2. Bar diagrams showing the selected tasks of the Montreal Cognitive Assessment (MoCA) by principal component analysis (PCA) and boosted
regression tree analyses (BRT). Sample size, 3276 patients. s-MoCA-SWE: Swedish short version of the MoCA.

Boosted regression trees. The final BRT model was se-
lected based on the best AUC value. The following
MoCA tasks were selected (task’s relative influence
value % 100): delayed recall (35.1), visuospatial/execu-
tive function (28.7), serial 7 (8.1), fluency (9.5), and
abstraction (6.2) (Fig. 2). The aggregate score sum of
these tasks was 16, ranging from 0 to 16, with a higher
value indicating better cognitive function.

s-MoCA-SWE version

The sensitivity of the s-MoCA-SWE/PCA was 94%
(SD 0.03); that of the s-MoCA-SWE/BRT was 95%
(SD 0.03). The s-MoCA-SWE/BRT was therefore
selected for further analysis, and thus the final version
of the s-MoCA-SWE included the following tests:
delayed recall, visuospatial/executive function, serial
7, fluency, and abstraction.

The Cut-off value of the index test s-MoCA-SWE for
classifying patients with cognitive impairment

The receiver operating characteristic and precision-
recall curves showed that an s-MoCA-SWE cut-off
value of<12 had the highest sensitivity and precision for
identifying patients with cognitive impairment (Fig. 3).
This cut-off value remained unchanged after adjustment
to an additional point allocated for education.

Evaluation of the s-MoCA-SWE in relation to
previously developed short forms of the MoCA
Descriptive information on dichotomized short forms
of the MoCA and dichotomized reference standard
instrument (a MoCA score of<25 indicates impaired
cognition) is shown in Table II.

The data from Table II were further used to calculate
psychometric properties of the s-MoCA-SWE and
previously developed short forms of the MoCA. The
s-MoCA-SWE could correctly identify impaired cogni-
tion in 97.41% of cases (sensitivity value). However,

among the patients who tested positive for impaired
cognition according to the s-MoCA-SWE cut-off value
of<12, the probability of having a true impairment
was 90.30% (precision value) (Table I1I).

Subgroup analyses

The median score of the s-MoCA-SWE was significant-
ly higher in patients aged <79 years, patients with minor
stroke (NIHSS score<3), and in those without previous
stroke and/or transient ischaemic attack (Table V).

DISCUSSION

A short version of the MoCA was developed with high
sensitivity to identify possible cognitive impairment
early after stroke and a cut-off was determined that
has good discriminative value between patients with
or without cognitive impairment. The s-MoCA-SWE
comprises cognitive tests that could be grouped under
the cognitive domains of visuospatial abilities (a clock
drawing and a cube copy task), executive functioning
(trail making test, fluency, and abstraction), short-term
memory (delayed recall test), and one concentration
task (serial 7 task). These cognitive domains are fre-
quently impaired in stroke survivors.

All of the tasks included in the s-MoCA-SWE
(delayed recall, visuospatial/executive function, serial
7, fluency, and abstraction) have previously been
identified as important contributors to the formation of
various other short forms of the MoCA and for iden-
tifying people with cognitive impairment (7, 29-31).
However, the combinations of test tasks in our short
version are different. There are several explanations
for this finding. First, it was not possible to analyse
the MoCA at the individual tasks level because
aggregated scores were recorded for certain tasks; for
example, visuospatial/executive function (5 tasks) and
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Fig. 3. Characteristics of the different cut-off points of the Swedish short version of the MoCA (s-MoCA-SWE), based on the boosted regression
tree analyses (BRT) model. Reference standard: dichotomized Montreal Cognitive Assessment (MoCA).

Table II. Cross tables with dichotomized short forms of the Montreal Cognitive Assessment and reference standard test (n=3,276)

Reference Standard Test: Montreal Cognitive Assessment, score range 0-30 points.

Cut-off points for impaired

Index tests (score range) and normal cognitive function Impaired, <25 p Normal, 226 p
s-MoCA-SWE (0-16) Impaired, <12 p 2,103 226
Normal, =213 p 56 891
T-MoCA (0-22) Impaired, <18 p 2,028 169
Normal, 219 p 131 948
NINDS-CSN (0-12) Impaired, <9 p 1,935 349
Normal, =10 p 224 768
SF-MoCA (0-14) Impaired, <11p 1,877 275
Normal, =212 p 282 842

s-MoCA-SWE: Swedish short version of the MoCA; T-MoCA: telephone version of the MoCA validated for telephone use; NINDS-CSN: National Institute of
Neurological Disorders and Stroke and the Canadian Stroke Network MoCA; SF-MoCA: Short form MoCA.
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Table Ill. Psychometric properties of the s-MoCA-SWE, and previously developed short forms of the Montreal Cognitive Assessment

(reference standard instrument: the dichotomized raw score of the MoCA, <25 impaired cognition; n=3,276)

Index Tests (score range [cut-off point for impaired cognition])

s-MoCA-SWE (0-16 [<12])

T-MoCA (0-12 [<18])

NINDS-CSN (0-12 [<9])

SF-MoCA (0-12 [<11])

AUC 0.98 (0.98-1.00) 0.97 (0.96-0.97)
Sensitivity/recall 97.41 (96.64-98.03) 93.93 (92.84-94.90)
Specificity 79.77 (77.29-82.09) 84.87 (82.63-86.92)
PLR 4.81 (4.28-5.41) 6.21 (5.40-7.14)
NLR 0.03 (0.03-0.04) 0.07 (0.06-0.08)
PPV/precision 90.30 (89.23-91.27) 92.31 (91.11-93.39)
NPV 94.09 (92.46-95.38) 87.86 (85.76-89.75)
Youden'’s Index 0.77 0.79
Accuracy 91.39 (90.38-92.33) 90.84 (89.80-91.81)

0.91 (0.90-0.92)
89.62 (88.26-90.88)
68.76 (65.95-71.47)

2.87 (2.63-3.13)

0.15 (0.13-0.17)
84.72 (83.18-86.17)
77.42 (74.69-79.99)

0.58
82.51 (81.16-83.80)

0.91 (0.90-0.92)

86.94 (85.44-88.33)

75.38 (72.74-77.88)
3.53 (3.18-3.92)
0.17 (0.15-0.19)

87.22 (85.74-88.60)

74.91 (72.27-77.42)

0.62
83.00 (81.67-84.27)

Data source: Cross tables with dichotomized tests based on short forms of the MoCA and reference standard test as reported in Table II.

MoCA: Montreal Cognitive Assessment; s-MoCA-SWE: Swedish short version of the MoCA; T-MoCA: telephone version of the MoCA, validated for telephone
use; NINDS-CSN: National Institute of Neurological Disorders and Stroke and the Canadian Stroke Network MoCA; SF-MoCA: Short form MoCA; PLR: positive
likelihood ratio; NLR: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC: area under the receiving operating curve,

results calculated using the total score of the index tests.

Table IV. Subgroup analyses showing the performance of the s-MoCA-SWE, <12 indicates impaired cognition

s-MoCA-SWE (range 0-16)

p-value Z score for
N Mean (SD) Median (IQR) Minimum-Maximum  (Mann-Whitney U) Mann-Whitney U
Age <0.001 -14.67
18-79 years 2,424 10.5 (3.6) 11 (5) 0-16
80-100 years 853 8.5 (3.5) 9 (5) 0-16
Stroke severity <0.001 -6.13
Minor stroke, NIHSS <3 1,544 10.3 (3.5) 11 (5) 0-16
Moderate/severe stroke, NIHSS > 4 1,224 9.4 (3.8) 10 (5) 0-16
Previous stroke/TIA 0.002 -3.09
No 2,625 10.0 (3.6) 11 (5) 0-16
Yes 357 9.4 (3.7) 10 (5) 0-16

MoCA: Montreal Cognitive Assessment; s-MoCA-SWE: Swedish short version of the MoCA; SD: standard deviation; IQR: interquartile range; NIHSS: National

Institutes of Health Stroke scale; TIA: transient ischaemic attack.
Missing data, n (%): stroke severity, 508 (16%), previous stroke/TIA, 294 (9).

orientation (6 tasks); secondly, different reference stan-
dard instruments have been used in previous studies;
and thirdly, different analytical methods were used in
those studies (7, 29-31).

The s-MoCA-SWE/PCA and the s-MoCA-SWE/
BRT selected 5 tasks each and the subtests’ ability
to detect possible cognitive impairment were 94%
and 95%, respectively. Based on the decision criteria
defined in this study, as well as its published protocol
(16), the BRT model was chosen as it had the highest
sensitivity. This decision has a clinical implication
with regards to planning the patients’ discharge from
the stroke units. As cognitive impairment early after
stroke is very common (3, 32), and the length of stay
at stroke units has decreased, it is necessary for a rapid
screening tool to have a high sensitivity.

The cut-off of <12 for the s-MoCA-SWE was
chosen to indicate cognitive impairment and demon-
strated high sensitivity compared with previously
developed short forms of the MoCA (8). The false-
positive rate was 20.2%, whereas the false-negative
rate was much lower, at 2.6%. A false-positive clas-
sification of patients can be accepted during the acute
and subacute phases of stroke, but false-negative

classification can have adverse consequences, as it
was possible to miss patients with possible cognitive
impairment. However, a false-positive test result is
not completely benign and could be associated with
psychological harm, increased test burden, and healt-
hcare costs. This problem of balancing the sensitivity
and specificity is common to all screening tools (33).
We propose that the s-MoCA-SWE be used as a brief
screening tool that can be used as a “rule-out” test for
severe cognitive impairment.

The rapid nature of the s-MoCA-SWE should make it
feasible for use even in busy acute stroke units. As with
most traditional screening tests, impairments in motor,
visual, or speech function could still complicate testing.
The tool may not be suited to the most severe stroke
presentations; however, brief cognitive screening is
unlikely to have clinical value in this patient group (4).

This study has several strengths and limitations. It
was based on a large sample of patients from several
acute stroke and rehabilitation centres in Sweden.
However, many patients were excluded from the ana-
lyses because of missing MoCA data. In most cases,
it could be assumed that the data were not missing at
random, as clinicians do not administer the MoCA to
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patients with a history of dementia, aphasia, or limb
weakness. Cognitive screening using rapid screening
tools is not relevant in patients with these histories
(4, 34). Moreover, the MoCA was not administered in
situations where the occupational therapist reported a
shortage of time. Therefore, it can be assumed that the
administration of the MoCA is time consuming. It is
hoped that the s-MoCA-SWE will improve the propor-
tion of cognitive screenings performed in stroke units.

Many different versions of short MoCAs exist and
they cannot be used interchangeably (8). Other short
MoCAs were developed or tested 3—18 months post-
stroke, in rehabilitation or stroke prevention clinics.
Only 1 study evaluated the feasibility of the NINDS-
CSN in patients in the acute stage of stroke, but only in
the ischaemic stroke population (13). The current study
sample included patients from 35 acute stroke, geriatric,
and rehabilitation units in Sweden, with patients who
had different types, severity, and resulting impairments
of stroke. While the results of this study may not apply
to every stroke admission, they may be valid for those
patients suited to screening, such as those with very mild
to moderate stroke with a short length of hospital stay.

The s-MoCA-SWE (<12) had good sensitivity
for identifying patients with cognitive impairment.
However, it is important to be aware that this short
version refers to the full MoCA as a reference standard
instrument. Nonetheless, the MoCA is an imperfect
reference standard. In a recent study, 78% of the
patients classified as cognitively intact by the MoCA
had some form of post-stroke cognitive impairment
on a comprehensive neuropsychological assessment
within 3 months after stroke onset (35). Therefore,
studies testing the s-MoCA-SWE against clinical
diagnostic reference standards may also be useful.
Data on premorbid cognitive function, lesion side, and
localization were not available in this study. This can
be regarded as a limitation of the current study.

The statistical methods used in the study should
also be addressed. Different approaches were used
for developing the s-MoCA-SWE. With PCA, the
internal consistency between tasks is relevant, and
there is no outcome. With BRT, tasks that have high
importance in relation to the outcome are selected. In
both approaches, the selected tasks should be used at
an aggregated level rather than at the domain level for
screening of global cognition. Moreover, optimism-
corrected AUC or similar approaches were not used;
therefore, external validation would be important to
strengthen the current results.

In conclusion, these results suggest that the
s-MoCA-SWE can be used as a brief tool for screen-
ing cognitive function in patients with acute and early
subacute stroke. A threshold of <12 points shows
good discriminative ability between patients who
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are cognitively intact and those who are cognitively
impaired.
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