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ABSTRACT

Introduction Short forms of the Montreal Cognitive
Assessment (MoCA) have allowed quick cognitive
screening. However, none of the available short forms has
been created or validated in a Swedish sample of patients
with stroke.

The aim is to develop a short-form Swedish version of the
MoCA (s-MoCA-SWE) in a sample of patients with acute
and subacute stroke. The specific objectives are: (1) to
identify a subgroup of MoCA items that have the potential
to form the s-MoCA-SWE; (2) to determine the optimal
cut-off value of s-MoCA-SWE for predicting cognitive
impairment and (3) and to compare the psychometric
properties of s-MoCA-SWE with those of previously
developed MoCA short forms.

Methods and analysis This is a statistical analysis
protocol for a cross-sectional study. The study sample will
comprise patients from Véststroke, a local stroke registry
from Gothenburg, Sweden and Efficacy oF Fluoxetine—a
randomisEd Controlled Trial in Stroke (EFFECTS), a
randomised controlled trial in Sweden. The s-MoCA-SWE
will be developed by using exploratory factor analysis and
the boosted regression tree algorithm. The cut-off value of s-
MoCA-SWE for impaired cognition will be determined based
on binary logistic regression analysis. The psychometric
properties of s-MoGA-SWE will be compared with those of
other MoCA short forms by using cross-tabulation and area
under the receiving operating characteristic curve analyses.
Ethics and dissemination The Vaststroke study has
received ethical approval from the Regional Ethical Review
Board in Gothenburg (346—16) and the Swedish Ethical
Review Authority (amendment 2019-04299). The handling
of data generated within the framework of quality registers
does not require written informed consent from patients.
The EFFECTS study has received ethical approval from
the Stockholm Ethics Committee (2013/1265-31/2 on

30 September 2013). All participants provided written
consent. Results will be published in an international,
peer-reviewed journal, presented at conferences and
communicated to clinical practitioners in local meetings
and seminars.

INTRODUCTION
Cognitive impairment, a common sequela of
stroke, has been defined as a new cognitive
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Strengths and limitations of this study

» A short form of the Swedish version of the Montreal
Cognitive Assessment will be created for the first
time for use in patients with stroke.

» The study will use a large sample size from different
acute stroke and stroke rehabilitation units across
Sweden.

» The retrospective analysis of registry data is one
limitation of the study.

» A high number of non-random missing Montreal
Cognitive Assessment values is expected.

deficit that develops in the first 3 months
after stroke and cannot be explained by other
conditions or diseases.' Cognitive impair-
ment is a consequence of complex interac-
tions between age, education and injury size
and location.” The prevalence of cognitive
impairment in the first 3 weeks after stroke
can vary between 55% and 59% depending
on the time of assessment and the assessment
instruments.” * Previous studies have shown
that cognitive impairment after stroke is asso-
ciated with higher mortality and long-term
disability.” Thus, early identification of cogni-
tive impairments after stroke is important for
planning individually tailored rehabilitation.

Comprehensive cognitive assessments in
acute stroke units can be time and resource
demanding for patients as well as for health-
care professionals. Therefore, the use of short
screening tools for cognitive impairment
is recommended.” 7 The Montreal Cogni-
tive Assessment (MoCA) is frequently used
to screen cognitive function.” The MoCA
targets cognitive domains such as visuospatial
ability, executive function, attention, concen-
tration, working memory, language, short-
term memory and orientation.® It has a good
sensitivity for detecting poststroke cognitive
impairment.” " To make cognitive screenings
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time effective, several short forms of the MoCA have been
developed and tested in recent years, including a tele-
phone version of the MoCA (T-MoCA), a short version of
the MoCA that has been designed by the National Insti-
tute of Neurological Disorders and Stroke and the Cana-
dian Stroke Network (NINDS-CSN, 5min protocol) and
the short-form MoCA (SF-MoCA)."'™" Different cutoffs
for impaired cognition have been reported for the MoCA
as well as its short forms.'" 2 % None of the avail-
able short forms have been developed or validated in a
Swedish sample of patients with stroke.

Performance on cognitive tests after stroke can depend
on premorbid cognitive reserves, which are associated with
education, occupation and socioeconomic situation.? **
Items of the MoCA can function differently in various
cultures; therefore, cultural validation of the MoCA has
been recommended for generalisability.”> Theoretically,
this recommendation is accurate even when it comes to
short forms of the MoCA. In order to have a short form
of the MoCA used in a broader context as a time-effective
screening instrument with good sensitivity for detecting
cognitive impairment, it needs to be validated culturally
within the target population.

Study aims

The aim of this study is to develop a short-form Swedish
version of the MoCA (s-MoCA-SWE) using data from
Swedish stroke cohorts. The specific objectives are: (1) to
identify a subgroup of MoCA items that have the potential
to form the s-MoCA-SWE; (2) to determine the optimal
cut-off value of s-MoCA-SWE for predicting cognitive
impairment and (3) to compare the psychometric prop-
erties of s-MoCA-SWE with those of T-MoCA, NINDS-CSN
and SF-MoCA.

METHODS AND ANALYSIS

Study design

This is a cross-sectional, exploratory study. Two data-
sets will be used: Viststroke, a local stroke registry from
Gothenburg, Sweden and Efficacy oF Fluoxetine—a
randomisEd Controlled Trial in Stroke (EFFECTS), a
randomised controlled trial.**

The Viststroke register comprises data from three
stroke units in Sahlgrenska University Hospital. The data
in Vaststroke were gathered within the scope of the Phys-
ical Activity Pre-Stroke In GOThenburg (PAPSIGOT)
project.” The Viststroke registry was linked to the
Riksstroke, a national quality register for stroke care in
Sweden, via each patient’s unique personal identification
number.” The statisticians at Riksstroke merged the data.
The Vaststroke data from 1 November 2014 to 30 June
2019 were retrieved.

The EFFECTS was a randomised, double-blind,
placebo-controlled clinical trial conducted in 35 stroke
or rehabilitation units in Sweden.* The inclusion period
was from 20 October 2014 to 28 June 2019.2* Briefly,
patients aged =18 years and diagnosed with ischaemic or

haemorrhagic stroke confirmed by brain imaging were
included. Detailed information about EFFECTS can be
found elsewhere.**

Study sample

The Vaststroke dataset comprises data on 6493 patients;

the EFFECTS dataset comprises data on 1500 patients

(online supplemental figure). The two datasets will be

aligned.

The inclusion criteria are as follows:

» Age =18 years at stroke onset.

» A diagnosis of stroke according to the International
Classification of Diseases-10: intracerebral haemor-
rhage (I61), cerebral infarction (I63) and stroke, not
specified as haemorrhage or infarction (164).

» Patients with a previous stroke and/or transient
ischaemic attack (TIA).

» A complete MoCA (0-30p).

The exclusion criterion was as follows:

» Duplicate registration on the Vaststroke and EFFECTS
datasets (duplicates will be removed from the Vist-
stroke dataset).

Study procedure

Viststroke data were registered by healthcare profes-
sionals working in stroke units. The MoCA was adminis-
tered by occupational therapists. Occupational therapists
at stroke units have regular workshops and peer reviews
regarding the administration and interpretation of the
MoCA. In the EFFECTS, the patients were enrolled in
the stroke and rehabilitation units between 2 and 15 days
after stroke onset. Cognitive screening was performed by
study personnel such as nurses or physicians at the local
centre, without any formal training of the instrument;
sometimes, the assessment by the local occupational ther-
apist was used. Detailed information about the EFFECTS
study is available elsewhere.?’ Cognitive screening was
performed during the acute and early subacute phases
of stroke.

Study variables

Only the variables available in both the Viststroke and
EFFECTS datasets will be used. Detailed information on
all variables that will be included in the study, their cate-
gories, and coding for the merged datasets are presented
in online supplemental table 1.

The MoCA is a valid and reliable instrument for
cognitive screening in the acute and subacute phases of
stroke.” " The total MoCA score ranges between 0 and 30
points (p); 1p for a maximum of 12 years of education
can be added to the total score. A score of <25 p indicates
cognitive impairment.® MoCA items were registered in
the datasets as follows:

» Orientation (range, 0-6p).

» Delayed recall (range, 0-5p).

» Visuospatial/executive functions (range, 0-5p): trial
(1p)+cube (1p)+clock (3p).

» Naming of three animals (range, 0-3p).
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Digit span, two tasks (range, 0-2p).

Repetition of two sentences (range, 0-2p).

Categories, two tasks (range, 0-2p).

Serial 7 (range, 0-3p).

Fluency (range, 0-1p).

Tap on A (range, 0-1p).

Stroke severity at onset was assessed using the National
Institutes of Health Stroke Scale (NIHSS).?® The NIHSS
comprises 15 items with varying score ranges per item.
The total NIHSS score is 0-42 p, with a higher score indi-
cating a more severe stroke.”

Reperfusion treatment will be categorised as both
thrombolysis and thrombectomy, only thrombolysis or
only thrombectomy.

Information about a previous stroke and/or TIA was
recorded (yes, no or unknown). The Viststroke register
comprises patients with a first-ever stroke, however,
patients with previous TIA were included. In the EFFECTS
study, patients could have a prior stroke and/or TIA, and
these two conditions could not be distinguished.

VVYyVYYVYYVYY

Aggregated variables

The T-MoCA is a short version of the MoCA that is based
on the following items: delayed recall, digit span, list
letters, serial 7, sentence repetition, fluency, abstraction
and orientation."* The total T-MoCA score is 22 p. The
reported threshold for impaired cognition is <18p."*

The NINDS-CSN is based on items such as delayed recall,
fluency, and orientation.'”” ' The total NINDS-CSN
score is 12p. The suggested thresholds for impaired
cognition are <9p,” > <10p'® and <6p.'”

The SF-MoCA is based on items such as delayed recall,
serial 7 and orientation." '* The total SF-MoCA score is
14p, and a cut-off of <8p has been suggested as an indi-
cator for impaired cognition." '?

Statistics

Data will be presented as the mean and SD, median and
IQR, minimum-maximum (min-max), number (n) and
proportion (%) (online supplemental tables 2 and 3).
The OR and 95% CI will be presented when appropriate.
The significance level for the statistical tests will be set at
0=5%. All statistical tests will be two tailed.

Objective 1

Two different approaches will be used to identify the
MoCA items that have the potential to form the s-Mo-
CA-SWE: exploratory factor analysis™ *' and boosted
regression tree.”

Exploratory factor analysis is a dimension-reduction
method with good sensitivity for identifying the latent
connections between variables. Exploratory factor anal-
ysis will be performed in several steps. First, the correla-
tions between the MoCA items will be calculated. Second,
the results of Bartlett’s and Kaiser-Meyer-Olkin tests will
be evaluated; values lower than 0.05 and greater than 0.7,
respectively, are desirable. Third, the number of factors
will be determined based on the scree plot and parallel

analysis scree plot of eigenvalues. A factor-extraction
method will be chosen, and a decision about rotation
will be made based on the results of the previous steps.
MoCA items with loading >0.6will be chosen as having
the potential to enter the ssMoCA-SWE.”!

Boosted regression tree is a supervised machine-
learning algorithm. In the boosted regression tree algo-
rithm, modelling trees are grown sequentially (eg, each
tree is grown based on the information from the previ-
ously grown trees and each tree is fit to the residuals from
the previous tree). For this analysis, the dataset will be
split into training (80%) and test (20%) datasets. The
s-MoCA-SWE boosted regression tree will be developed
based on the training dataset, and tuning parameters
such as the number of trees (B), shrinkage parameter
(A) and interaction depths (d) will be chosen based on
10-fold cross-validation and bootstrapping. The MoCA
items with the potential to build an s-MoCA-SWE will
be chosen based on the boosted regression tree model
with adjusted tuning parameters and variable coefficients
>5.0. The s-MoCA-SWE developed based on the training
dataset will be further tested on the test dataset.

The decision between the set of MoCA items derived
from exploratory factor analysis and that derived from
the boosted regression tree algorithm will be made by
applying binary logistic regression analysis. The sets will
be entered as independent variables and tested using
different regression models. The dependent variable
will be dichotomised MoCA (£25p for impaired cogni-
tion).** The s-MoCA-SWE version with the highest sensi-
tivity and classification accuracy for cognitive impairment
will be analysed in objective 2.

Objective 2

To find the optimal cut-off value of s-MoCA-SWE for clas-
sifying patients with and without cognitive impairment,
binary logistic regression analysis will be performed. The
MoCA cut-off of £25p for impaired cognition will be the
reference output,”* and the s-MoCA-SWE full score will
be the independent variable. The cut-off value of s-Mo-
CA-SWE will be chosen based on its good sensitivity for
identifying patients with cognitive impairment.

Objective 3

Four cross-tables will be evaluated. The reference vari-
able will be dichotomised MoCA (<25p for impaired
cognition).® *® The index variables will be dichotomised
s-MoCA-SWE (according to the results from Objective 2),
T-MoCA (<18p for impaired cognition),'* NINDS-CSN
(<9p for impaired cognition)™ " and SF-MoCA (<8p
for impaired cognition)."" '* The psychometric measure-
ments of sensitivity, specificity, positive predictive value,
negative predictive value and Youden’s index with 95% CI
will be evaluated.

Receiving operating characteristic curve analysis will
be performed. The full scores of ssMoCA-SWE, T-MoCA,
NINDS-CSN and SF-MoCA will be entered as test vari-
ables, and the dichotomised MoCA (<25p for impaired
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cognition) will be entered as the state variable.® * The
areas under the curve will be interpreted as follows:
0.7-0.9, moderate accuracy and 0.5-0.7, low accuracy.”*

Subgroup analyses

The properties of the s-MoCA-SWE will be evaluated
further. Subgroup analysis will be performed by studying
the differences between patients with and without a
previous stroke/TIA, with the hypothesis that patients
with a previous stroke are more likely to have impaired
cognition; by stroke severity, with the hypothesis that
patients with more severe stroke are more likely to have
more impaired cognition; and by age, with the hypoth-
esis that older patients are more likely to have impaired
cognition.

Missing data

For descriptive statistics, data on all included patients
will be used. The proportion of missing values will be
provided for each baseline variable.

Statistical software
Data will be analysed using SPSS Statistics for Windows
V.27.0 (released on 2018; IBM) and R V.4.0.2 (R Core
Team. R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria.).

Patient and public involvement statement
The patients and the public were not involved in the
design of the protocol.

Cognition has been identified by patients, their care-
givers, and healthcare professionals as one of the most
important research areas in stroke.” Furthermore, many
patients have reported unmet needs regarding problems
with cognitive functions, such as memory, concentration
and speaking/reading.”® Thus, early identification of
cognitive impairment is important.

Patients with stroke can find cognitive assessments fairly
burdensome in acute stroke and would prefer short tests
if possible. By developing s-MoCA-SWE, we hope to have
asimpler and more efficient cognitive screening tool that
can be used during acute and subacute stroke. Theoret-
ically, this would lead to a higher proportion of patients
who receive the recommended cognitive screenings.

ETHICS AND DISSEMINATION

Viststroke: The study obtained ethics approval from the
Regional Ethical Review Board in Gothenburg (346-16)
and the Swedish Ethical Review Authority (amendment
2019-04299). According to the Swedish Data Protection
Authority, the handling of data generated within the
framework of quality registers represents an exception
to the general rule of written informed consent being
required from patients. Furthermore, the Personal Data
Act (Swedish law #1998:204, issued 29 April 1998) allows
data from medical charts to be collected for clinical

purposes and quality control without written informed
consent.

The EFFECTS study has received ethical approval from
the Stockholm Ethics Committee (2013/1265-31/2 on 30
September 2013). All participants of the EFFECTS study
provided written consent for inclusion in the randomised
controlled trial. They also provided written and oral
consent to merge their data with other registry data.

In order to disseminate the study findings to a wide
audience, results will be published in international, peer-
reviewed journals, presented at local and international
conferences, communicated to clinical practitioners in
local meetings and seminars and shared via social media
channels.” Furthermore, a short report will be published
in Swedish journals that target professionals who perform
clinical cognitive screenings.

Author affiliations

'Institute of Neuroscience and Physiology, The Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden

“Department of Occupational Therapy and Physiotherapy, Sahlgrenska University
Hospital, Gothenburg, Sweden

®Department of Neuroscience, Neurology, Uppsala University, Akademiska
Sjukhuset, Uppsala, Sweden

“Department of Statistics, USBE, Umea University, Umed, Sweden

SInstitute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow,
UK

SNeurocare, Sahlgrenska University Hospital, Gothenburg, Sweden

Contributors TA: conceptualisation of the study, statistics, drafting of the
manuscript; EL: chief investigator of EFFECTS, providing of EFFECTS’s data, critical
revision of the manuscript; DB: statistical consultations, critical revision of the
manuscript; ME: statistical consultations, critical revision of the manuscript; TJQ:
statistical consultations, conceptualisation of the study, critical revision of the
manuscript; KSS: acquisition of Véststroke data, conceptualisation of the study,
critical revision of the manuscript.All authors read and approved final version of the
manuscript.

Funding This work was supported by the IRIS foundation, Swedish Research
Council (VR2017-00946), Swedish Heart and Lung Foundation, Swedish Brain
foundation, Promobilia, Swedish state under an agreement between the Swedish
government and the county councils, ALF agreement (ALFGBG-718711, ALFGBG-
877961), Swedish National Stroke Association, Local Research and Development
Board for Gothenburg and Sédra Bohuslén, Greta and Einar Asker’s foundation,
Rune and Ulla Aimdv’s foundation for neurological research, Hjalmar Svensson’s
Research foundation, P-0 Anl & J-B Wennerstrom’s foundation; Herbert & Karin
Jacobssons foundation, Sahlgrenska University Hospital foundations, Wilhelm and
Martina Lundgren's foundation, and Inger Bendix’s foundation for medical research.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

Abzhandadze T, et al. BMJ Open 2021;11:€049035. doi:10.1136/bmjopen-2021-049035

"1ybuAdoo Aq paroslold 1sanb Aq TZ0z ‘€ Jaquiadaq uo jwod [wq uadolwg//:dny wol) papeojumoq "TzZ0z AN € U0 GE0610-TZ0Z-uadolwa/oeTT 0T Se paysignd isii :uado rING


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://bmjopen.bmj.com/

ORCID iDs
Tamar Abzhandadze http://orcid.org/0000-0002-0069-6875
Katharina S Sunnerhagen http://orcid.org/0000-0002-5940-4400

REFERENCES

1 McDonald MW, Black SE, Copland DA, et al. Cognition in stroke
rehabilitation and recovery research: consensus-based core
recommendations from the second stroke recovery and rehabilitation
roundtable. Int J Stroke 2019;14:774-82.

2 Sachdev PS, Blacker D, Blazer DG, et al. Classifying neurocognitive
disorders: the DSM-5 approach. Nat Rev Neurol 2014;10:634-42.

3 Nys GMS, van Zandvoort MJE, de Kort PLM, et al. Cognitive
disorders in acute stroke: prevalence and clinical determinants.
Cerebrovasc Dis 2007;23:408-16.

4 Abzhandadze T, Reinholdsson M, Stibrant Sunnerhagen K. Nihss is
not enough for cognitive screening in acute stroke: a cross-sectional,
retrospective study. Sci Rep 2020;10.

5 Patel MD, Coshall C, Rudd AG, et al. Cognitive impairment after
stroke: clinical determinants and its associations with long-term
stroke outcomes. J Am Geriatr Soc 2002;50:700-6.

6 Eng JJ, Bird M-L, Godecke E, et al. Moving stroke rehabilitation
research evidence into clinical practice: consensus-based core
recommendations from the stroke recovery and rehabilitation
roundtable. Int J Stroke 2019;14:766-73.

7 Quinn TJ, Elliott E, Langhorne P. Cognitive and mood assessment
tools for use in stroke. Stroke 2018;49:483-90.

8 Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal cognitive
assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc 2005;53:695-9.

9 Munthe-Kaas R, Aam S, Saltvedt |, et al. Test accuracy of
the Montreal cognitive assessment in screening for early
poststroke neurocognitive disorder: the nor-COAST study. Stroke
2021;52:317-20.

10 Chiti G, Pantoni L. Use of Montreal cognitive assessment in patients
with stroke. Stroke 2014;45:3135-40.

11 Horton DK, Hynan LS, Lacritz LH, et al. An abbreviated Montreal
cognitive assessment (MoCA) for dementia screening. Clin
Neuropsychol 2015;29:413-25.

12 McDicken JA, Elliott E, Blayney G, et al. Accuracy of the short-form
Montreal cognitive assessment: systematic review and validation. Int
J Geriatr Psychiatry 2019;34:1515-25.

13 Pendlebury ST, Welch SJV, Cuthbertson FC, et al. Telephone
assessment of cognition after transient ischemic attack and stroke:
modified telephone interview of cognitive status and telephone
Montreal cognitive assessment versus face-to-face Montreal
cognitive assessment and neuropsychological battery. Stroke
2013;44:227-9.

14 Wittich W, Phillips N, Nasreddine ZS, et al. Sensitivity and specificity
of the Montreal cognitive assessment modified for individuals who
are visually impaired. J Vis Impair Blind 2010;104:360-8.

15 Cameron JD, Gallagher R, Pressler SJ, et al. Sensitivity and
specificity of a five-minute cognitive screening test in patients with
heart failure. J Card Fail 2016;22:99-107.

16 Kaur D, Kumar G, Singh AK. Quick screening of cognitive
function in Indian multiple sclerosis patients using Montreal
cognitive assessment test-short version. Ann Indian Acad Neurol
2013;16:585-9.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Lim J-S, Oh MS, Lee J-H, et al. Prediction of post-stroke dementia
using NINDS-CSN 5-minute neuropsychology protocol in acute
stroke. Int Psychogeriatr 2017;29:777-84.

Lin H-F, Chern C-M, Chen H-M, et al. Validation of NINDS-VCI
neuropsychology protocols for vascular cognitive impairment in
Taiwan. PLoS One 2016;11:e0156404.

Wei J, Jin X, Chen B, et al. Comparative study of two short-form
versions of the Montreal cognitive assessment for screening of
post-stroke cognitive impairment in a Chinese population. Clin Interv
Aging 2020;15:907-14.

Wong A, Law LSN, Liu W, et al. Montreal cognitive assessment: one
cutoff never fits all. Stroke 2015;46:3547-50.

Stern Y. What is cognitive reserve? theory and research application
of the reserve concept. J Int Neuropsychol Soc 2002;8:448-60.
Shin M, Sohn MK, Lee J, et al. Effect of cognitive reserve on risk of
cognitive impairment and recovery after stroke: the KOSCO study.
Stroke 2020;51:99-107.

O'Driscoll C, Shaikh M. Cross-Cultural applicability of the Montreal
cognitive assessment (MoCA): a systematic review. J Alzheimers Dis
2017;58:789-801.

EFFECTS Trial Collaboration. Safety and efficacy of fluoxetine

on functional recovery after acute stroke (effects): a randomised,
double-blind, placebo-controlled trial. Lancet Neurol
2020;19:661-9.

Reinholdsson M, Palstam A, Sunnerhagen KS. Prestroke physical
activity could influence acute stroke severity (part of PAPSIGOT).
Neurology 2018;91:e1461-7.

Asplund K, Eriksson M, Riks-Stroke Collaboration. Inflammation,
poststroke depression and statins. Int J Stroke 2011;6:567-8.
Bernhardt J, Hayward KS, Kwakkel G, et al. Agreed definitions and
a shared vision for new standards in stroke recovery research: the
stroke recovery and rehabilitation roundtable Taskforce. Int J Stroke
2017;12:444-50.

Kasner SE, Chalela JA, Luciano JM, et al. Reliability and validity of
estimating the NIH stroke scale score from medical records. Stroke
1999;30:1534-7.

Dong Y, Xu J, Chan BP-L, et al. The Montreal cognitive assessment
is superior to National Institute of neurological disease and Stroke-
Canadian stroke network 5-minute protocol in predicting vascular
cognitive impairment at 1 year. BMC Neurol 2016;16:46.

Child D. Essentials of factor analysis. 3. Educ Educ. New York: NY:
Continuum, 2006.

Kline P. An easy guide to factor analysis. London: London. Routledge,
1994.

Chen T, Guestrin C. XGBoost: a scalable tree boosting system.
Ithaca, 2016.

Borland E, Nagga K, Nilsson PM, et al. The Montreal cognitive
assessment: normative data from a large Swedish population-based
cohort. J Alzheimers Dis 2017;59:893-901.

Fischer JE, Bachmann LM, Jaeschke R. A readers' guide to the
interpretation of diagnostic test properties: clinical example of
sepsis. Intensive Care Med 2003;29:1043-51.

Pollock A, St George B, Fenton M, et al. Top 10 research priorities
relating to life after stroke--consensus from stroke survivors,
caregivers, and health professionals. Int J Stroke 2014;9:313-20.
McKevitt C, Fudge N, Redfern J, et al. Self-Reported long-term
needs after stroke. Stroke 2011;42:1398-403.

Edwards DJ. Dissemination of research results: on the path to
practice change. Can J Hosp Pharm 2015;68:465-9.

Abzhandadze T, et al. BMJ Open 2021;11:€049035. doi:10.1136/bmjopen-2021-049035

"1ybuAdoo Aq paroslold 1sanb Aq TZ0z ‘€ Jaquiadaq uo jwod [wq uadolwg//:dny wol) papeojumoq "TzZ0z AN € U0 GE0610-TZ0Z-uadolwa/oeTT 0T Se paysignd isii :uado rING


http://orcid.org/0000-0002-0069-6875
http://orcid.org/0000-0002-5940-4400
http://dx.doi.org/10.1177/1747493019873600
http://dx.doi.org/10.1038/nrneurol.2014.181
http://dx.doi.org/10.1159/000101464
http://dx.doi.org/10.1038/s41598-019-57316-8
http://dx.doi.org/10.1046/j.1532-5415.2002.50165.x
http://dx.doi.org/10.1177/1747493019873597
http://dx.doi.org/10.1161/STROKEAHA.117.016994
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1161/STROKEAHA.120.031030
http://dx.doi.org/10.1161/STROKEAHA.114.004590
http://dx.doi.org/10.1080/13854046.2015.1043349
http://dx.doi.org/10.1080/13854046.2015.1043349
http://dx.doi.org/10.1002/gps.5162
http://dx.doi.org/10.1002/gps.5162
http://dx.doi.org/10.1161/STROKEAHA.112.673384
http://dx.doi.org/10.1177/0145482X1010400606
http://dx.doi.org/10.1016/j.cardfail.2015.08.343
http://dx.doi.org/10.4103/0972-2327.120478
http://dx.doi.org/10.1017/S1041610216002520
http://dx.doi.org/10.1371/journal.pone.0156404
http://dx.doi.org/10.2147/CIA.S248856
http://dx.doi.org/10.2147/CIA.S248856
http://dx.doi.org/10.1161/STROKEAHA.115.011226
http://dx.doi.org/10.1017/S1355617702813248
http://dx.doi.org/10.1161/STROKEAHA.119.026829
http://dx.doi.org/10.3233/JAD-161042
http://dx.doi.org/10.1016/S1474-4422(20)30219-2
http://dx.doi.org/10.1212/WNL.0000000000006354
http://dx.doi.org/10.1111/j.1747-4949.2011.00691.x
http://dx.doi.org/10.1177/1747493017711816
http://dx.doi.org/10.1161/01.STR.30.8.1534
http://dx.doi.org/10.1186/s12883-016-0570-y
http://dx.doi.org/10.3233/JAD-170203
http://dx.doi.org/10.1007/s00134-003-1761-8
http://dx.doi.org/10.1111/j.1747-4949.2012.00942.x
http://dx.doi.org/10.1161/STROKEAHA.110.598839
http://dx.doi.org/10.4212/cjhp.v68i6.1503
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Supplementary File

Development of a short-form Swedish version of the Montreal Cognitive Assessment (s-

MoCA-SWE): Protocol for a cross-sectional study

Tamar Abzhandadze'?, FErik Lundstrom?, Dongni Buvarpl, Marie  Eriksson®,

Terence J. Quinn’, Katharina S. Sunnerhagen'®.

nstitute of Neuroscience and Physiology, The Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden.

2Department of Occupational Therapy and Physiotherapy, Sahlgrenska University Hospital,
Gothenburg, Sweden.

3Department of Neuroscience, Neurology, Uppsala University, Akademiska Sjukhuset,
Uppsala, Sweden.

“Department of Statistics, USBE, Ume# University, Ume&, Sweden.

SInstitute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, UK.

®Neurocare, Sahlgrenska University Hospital, Gothenburg, Sweden.

Correspondence to:

Tamar Abzhandadze

Institute of Neuroscience and Physiology
Rehabilitation Medicine, University of Gothenburg
Per Dubbsgatan 14, fl. 3

413 45 Gothenburg, Sweden

E-mail: tamar.abzhandadze @ gu.se, tamar.abzhandadze @vgregion.se

Abzhandadze T, et al. BMJ Open 2021; 11:049035. doi: 10.1136/bmjopen-2021-049035


mailto:tamar.abzhandadze@gu.se

Supplemental material

BMJ Publishi H%c%&og#tlﬁ‘ rsngj%:ip

(S TN o ey

B;ytarisin from any reliance

he author(s)

BMJ Open

Supplementary Table 1. Description of variables and their categories respective data set and in the merged dataset.

Viiststroke Viiststroke: variable EFFECTS dataset EFFECTS: variable Merged dataset: variable names and coding
categories and coding categories and coding
Cohorts, binary:
1 = Viststroke
2 = EFFECTS
Sex Binary: Pat_Gender F = female Sex, binary:
0 = female M = male 1 = female
1 = male 2 = male
Age Scale: range AGE Numeric Age: numeric
Living arrangement/living Binary: pat_Living_Arrangements A = living alone Living arrangement prior to stroke, binary:
alone prior to stroke 1=no B = institutional living 1 =lived alone (Vaiststroke = 2, EFFECTS = A)
2 =yes C = other living arrangement 2 = did not live alone (Viststroke = 1, EFFECTS
D = living with someone else >B)
Needing help/dependent prior Binary: Stroke daily N=no Needs assistance with ADL before stroke, binary:
to stroke 1=no Y =yes 1 =no
2 =yes 2 =yes
Note: “N” means that the
patient did not require
assistance with ADLs prior to
stroke.
Diabetes Binary: DIABETES N=no Diabetes, nominal:
0=no Y =yes 0=no
1 =yes U = unknown 1 =yes

2 = unknown
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TIA prior to stroke

Binary:
0=no
1 =yes

PREV_Stroke_TIA

Note: In EFFECTS, previous
TIA and previous ischemic

stroke are not distinguished.

N=no
Y =yes

U = unknown

Previous TIA or ischemic stroke, nominal:
0 =no
1 =yes

2 = unknown

Stroke diagnosis

Nominal, 3 levels:

1 =161
2=163
3 =164

Diagnosis

1 = ischemic stroke
2 = intracerebral haemorrhage

3 = non-stroke

Stroke diagnosis, nominal:

1=163
2 =161
3=164

Reperfusion

1 =both IVT and endovascular
thrombectomy

2 = endovascular

Thrombolysis_Trombectomy

1 =both IVT and endovascular
thrombectomy

2 = endovascular

Reperfusion treatment, nominal:
1 = both IVT and endovascular thrombectomy

2 = endovascular thrombectomy only

thrombectomy only thrombectomy only 3 =1IVT only
3=1IVT only 3=1IVT only
NIHSS awareness Ordinal: range 0-3 Stroke NIHSS_1la 0 = alert NIHSS 1a, awareness, ordinal:

1 = not alert, but arousable
with minimal stimulation

2 = not alert, requires repeated
stimulation

3 =coma

0 = alert

1 = not alert, but arousable with minimal
stimulation

2 = not alert, requires repeated stimulation

3 = coma

NIHSS orientation

Ordinal: range 0-2

Stroke_NIHSS_1b

0 = answers both correctly
1 = answers one correctly

2 = answers both incorrectly

NIHSS 1b, orientation, ordinal:
0 = answers both correctly
1 = answers one correctly

2 = answers both incorrectly
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NIHSS understanding Ordinal: range 0-2 Stroke_NIHSS_1c 0 = obeys both correctly NIHSS lc, understanding, ordinal:
1 = obeys one correctly 0 = obeys both correctly
2 = obeys both incorrectly 1 = obeys one correctly
2 = obeys both incorrectly
NIHSS eye movement Ordinal: range 0-2 Stroke_NIHSS_2 0 = normal NIHSS 2, eye movement, ordinal:
1 = partial gaze palsy 0 = normal
2 = total gaze paresis 1 = partial gaze palsy
2 = total gaze paresis
NIHSS visual field Ordinal: range 0-3 Stroke_NIHSS_3 0 = no visual field loss NIHSS 3, visual field, ordinal:
1 = partial hemianopia 0 = no visual field loss
2 = complete hemianopia 1 = partial hemianopia
3 =bilateral hemianopia 2 = complete hemianopia
3 = bilateral hemianopia
NIHSS facial palsy Ordinal: range 0-3 Stroke_NIHSS_4 0 = normal symmetrical NIHSS 4, facial palsy, ordinal:
movement 0 = normal symmetrical movement
1 = minor paralysis 1 = minor paralysis
2 = partial paralysis 2 = partial paralysis
3 = complete paralysis 3 = complete paralysis
NIHSS motor arm: right Ordinal: range 04 Stroke_NIHSS_7 0 = normal NIHSS 5, right motor arm, ordinal:
1 = drift 0 = normal
2 = some effort against gravity | 1 =drift

3 =no effort against gravity

4 = no effort against gravity

2 = some effort against gravity
3 =no effort against gravity

4 = no effort against gravity
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NIHSS motor arm: left

Ordinal: range 04

Stroke_NIHSS_8

0 = normal

1 = drift

2 = some effort against gravity
3 =no effort against gravity

4 = no effort against gravity

NIHSS 6, left motor arm, ordinal:
0 = normal

1 = drift

2 = some effort against gravity

3 = no effort against gravity

4 = no effort against gravity

NIHSS motor leg: right

Ordinal: range 04

Stroke_NIHSS_5

0 = normal

1 = drift

2 = some effort against gravity
3 =no effort against gravity

4 = no effort against gravity

NIHSS 7, right motor leg, ordinal:

0 = normal

1 = drift

2 = some effort against gravity
3 = no effort against gravity

4 = no effort against gravity

NIHSS motor leg: left

Ordinal: range 04

Stroke_NIHSS_6

0 = normal

1 = drift

2 = some effort against gravity
3 =no effort against gravity

4 = no effort against gravity

NIHSS 8, left motor leg, ordinal:
0 = normal

1 = drift

2 = some effort against gravity

3 = no effort against gravity

4 = no effort against gravity

NIHSS ataxia

Ordinal: range 0-2

Stroke_NIHSS_9

0 = no ataxia
1 = present in one limb

2 = present in two limbs

NIHSS 9, ataxia, ordinal:
0 = no ataxia
1 = present in one limb

2 = present in two limbs

NIHSS sensory

Ordinal: range 0-2

Stroke_NIHSS_10

0 = normal
1 = mild-to-moderate sensory
loss

2 = severe or total sensory loss

NIHSS 10, sensory, ordinal:
0 = normal
1 = mild-to-moderate sensory loss

2 = severe or total sensory loss
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NIHSS language Ordinal: range 0-3 Stroke NIHSS_11 0 = no aphasia NIHSS 11, language, ordinal:
1 = mild-to-moderate aphasia 0 = no aphasia
2 = severe aphasia 1 = mild-to-moderate aphasia
3 = mute 2 = severe aphasia

3 = mute

NIHSS dysarthria Ordinal: range 0-2 Stroke_NIHSS_12 0 = normal NIHSS 12, dysarthria, ordinal:
1 = mild-to-moderate 0 = normal
dysarthria 1 = mild-to-moderate dysarthria
2 = severe dysarthria 2 = severe dysarthria
3 = untestable 3 = untestable

NIHSS neglect Ordinal: range 0-2 Stroke_NIHSS_13 0 = normal NIHSS 13, neglect, ordinal:

1 = inattention to one modality | O = normal
2 = severe hemi-inattention 1 = inattention to one modality

2 = severe hemi-inattention

NIHSS total score Ordinal: range 0-36 NIHSS Ordinal: range 0-26 NIHSS total score, ordinal: range 0-36
MoCA visuospatial/executive Ordinal: range 0-5 MOCA_Base_Viso_exe Ordinal: range 0-5 MoCA visuospatial/executive functions: trial +
functions: 1A + cube + clock cube + clock, ordinal: range 0-5
MoCA task: naming Ordinal: range 0-3 MOCA_Base_Name Ordinal: range 0-3 MoCA: naming, ordinal: range 0—3
MoCA attention task: numbers | Ordinal: range 0-2 MOCA_Base_Att_fwd_back Ordinal: range 0-2 MoCA: digit span, ordinal: range 0—2
forward and backward
MoCA attention task: knock on | Nominal: MOCA_Base_Att_knock Nominal: MoCA: tap on A, binary:
A 0 =no point 0 = no point 0 = no point
1 =1 point 1 =1 point 1 =1 point
MoCA attention task: Ordinal: range 0-3 MOCA_Base_Att_subtract Ordinal: range 0-3 MoCA: serial 7, ordinal: range 0—3

subtraction 100 - 7
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MoCA language task: sentence

repetition, 2

Ordinal: range 0-2

MOCA_Base_Lang_rep

Ordinal: range 0-2

MoCA: repetition, ordinal: range 02

MoCA language task: fluency,

F word

Nominal:
0 = no point

1 =1 point

MOCA_Base_Fluency

Nominal:
0 = no point

1 =1 point

MoCA: fluency, binary:
0 = no point

1 =1 point

MOoCA abstraction task:

categorizing of two tasks

Ordinal: range 0-2

MOCA_Base_Abstraction

Ordinal: range 0-2

MoCA: abstraction, ordinal: range 02

MoCA memory task: recall of

five words

Ordinal: range 0-5

MOCA_Base_Delay

Ordinal: range 0-5

MoCA: delayed recall, ordinal: range 0-5

MOoCA orientation task: six

questions

Ordinal: range 0-6

MOCA_Base_Orientation

Ordinal: range 0-6

MoCA: orientation, ordinal: range 0-6

MoCA total score

Ordinal: range 1-30

MOCA_Base_Total

Ordinal: range 1-30

MoCA total score, ordinal: range 1-30

MoCA school <12 years, +1

point

Binary:
0=no

1 =yes, +1 point

MOCA_Education

0 =no

1 =yes, +1 point

MoCA education, binary:
0 =no,

1 =yes, +1 point

A telephone version of the MoCA, ordinal: range

0-22

Aggregated score of the MoCA items: delayed
recall, digit span, list letters, serial 7, sentence

repetition, fluency, abstraction, and orientation

Short-form MoCA, ordinal: range 0-14

Aggregated score of the MoCA items: delayed

recall, serial 7, and orientation
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NINDS-CSN-MoCA, ordinal: range 0-12

Aggregated score of the MoCA items: delayed

recall, fluency, and orientation

Discharge destination*

Ordinal, 10 levels:

1 = own accommodation

2 = arranged accommodation
4 = another acute-care
department

5 = geriatrics/rehabilitation

6 = deceased during treatment
7 = other acute-care
department (e.g. the patient is
resident in another country)

9 =not known

11 = still in hospital

12 = another stroke unit for
aftercare

13 = health centre with

emergency beds

Discharge residence

1 = own home

2 = relatives’ home

3 = residential home

4 = long-term NHS home
6 = another hospital

7 = other

Discharge destination, ordinal:

1 = own or relatives’ home (Viststroke 1,
EFFECTS 1 and 2)

2 = residential home (Viststroke 2, EFFECTS 3
and 4)

3 = other hospital (Viststroke 4, 5, 11, and 12,
EFFECTS 6)

4 = other (Viststroke 7, 9, and 13, EFFECTS 7)

Abbreviations: ADL, activity of daily living; IVT, intravenous thrombolysis; MoCA, Montreal Cognitive Assessment; NIHSS, National Institutes of Health Stroke Scale; NINDS-CSN,

National Institute of Neurological Disorders and Stroke—Canadian Stroke Network; TIA, transient ischemic attack.
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Supplementary Table 2. Patient baseline characteristics (template table)

Categories Total sample Viststroke EFFECTS
N= N= N =

Sex, n (%) Male

Female

Age, y, mean (SD)

Living arrangement, n (%) Lives alone

Living with someone else

Education, 1 point for a maximum of 12 years, n (%) Yes

Assistance with ADLSs prior to stroke, n (%) No

Having diabetes, n (%) No
Yes

Unknown

Previous TIA or ischemic stroke, n (%) No
Yes
Unknown
Stroke diagnosis, n (%) 161
163
164

Abzhandadze T, et al. BMJ Open 2021; 11:e049035. doi: 10.1136/bmjopen-2021-049035
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Reperfusion treatment, n (%) Both IVT and ET
ET only
IVT only

NIHSS, median (min—max)

MoCA, median (min—max)

Discharge destination, n (%) Own or relatives’ home
Residential or long-term
NHS home

Other hospitals

Other

Note: The sum may vary due to missing data.

Abbreviations: ADL, activity of daily living; IVT, intravenous thrombolysis; IQR, interquartile range; MoCA, Montreal Cognitive Assessment;
NIHSS, National Institutes of Health Stroke Scale; NHS, National Health System; SD, standard deviation; ET, endovascular thrombectomy; TIA,
transient ischemic attack.

Variables with missing values, n (%):
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Supplementary Table 3. Description of cognitive functions (template table).

Total sample Viststroke EFFECTS
N= N= N=
Points n (%) n (%) n (%)
Visuospatial/executive functions 0
1
2
3
4
5
Naming three animals 0
1
2
3
Digit span 0
1
2
Tap on A 0
1
Serial 7 0
1
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2
3
Repetition 0
1
2
Fluency 0
1
Abstraction 0
1
2
Delayed recall 0
1
2
3
4
5
Orientation 0
1
2
3
4

Abzhandadze T, et al. BMJ Open 2021; 11:e049035. doi: 10.1136/bmjopen-2021-049035



BMJ Publishing G imited (BMJ) disclaims all liability and ibility arising f eli
Supplemental material RO IS Sl emental el which het been b ed by the auforrg - "e!iance BMJ Open

5

6
MoCA score Median (IQR)
T-MoCA Median (IQR)
NINDS-CSN-MoCA Median (IQR)
SE-MoCA Median (IQR)

Abbreviations: IQR, interquartile range; MoCA, Montreal Cognitive Assessment (score range: 1-30); NINDS-CSN-MoCA, National Institute of
Neurological Disorders and Stroke—Canadian Stroke Network MoCA (score range: 0—12); SF-MoCA, short-form MoCA (score range: 0-14); T-
MoCA, a telephone version of the MoCA (score range: 0-22).
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Vaststroke, N = 6,493 oo EFFECTS, N = 1,500
(1 November 2014-30 June 2019) gN 50 B (20 October 2014-28 June 2019)
Excluded, N = i  Excluded, N = i
| |
N = Patients N =, Patients
subjected to MoCA subjected to MoCA
| |
l
The study sample, N =

Supplementary Figure. Flowchart of patient selection (template diagram). Abbreviations: MoCA, the Montreal Cognitive Assessment;

EFFECTS, Efficacy oF Fluoxetine—a randomisEd Controlled Trial in Stroke.
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