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people with hearing loss. Using the same methodology across four languages,
this study examined whether cultural or linguistic factors affect the perfor-
mance of the MoCA-H.

Methods: The current study investigated the performance of the MoCA-H across
English, German, French, and Greek language groups (n = 385) controlling for
demographic factors known to affect the performance of the MoCA-H.

Results: In a multiple regression model accounting for age, sex, and educa-
tion, cultural-linguistic group accounted for 6.89% of variance in the total
MoCA-H score. Differences between languages in mean score of up to 2.6
points were observed.

Conclusions: Cultural or linguistic factors have a clinically significant impact on
the performance of the MoCA-H such that optimal performance cut points for
identification of cognitive impairment derived in English-speaking populations are
likely inappropriate for use in non-English speaking populations. To ensure reli-
able identification of cognitive impairment, it is essential that locally appropriate

KEYWORDS

INTRODUCTION

Cognitive screening tests are commonly used in health-
care settings to identify possible cognitive impairments,
facilitating appropriate planning, care, and early inter-
vention."” There are well-documented cultural influ-
ences on cognitive assessments, with factors including
shared knowledge, beliefs, and behaviors impacting the
performance of tests of attention, memory, and executive
function.® Translation alone does not adequately account
for performance differences, which may be a result of cul-
tural differences.*

The freely available Montreal Cognitive Assessment
(MoCA)’ is one of the most widely used cognitive screen-
ing tools. The 10-min long MoCA examines visuospatial/
executive function skills, naming, language, attention,
word recall, and orientation, with a total score of
30 points.”® A key limitation of the MoCA and similar
cognitive screening tests is that they are administered
through spoken form and rely on test-takers having good
hearing; up to 70% of adults aged over 60 years have
hearing impairment.” Poor performance on a cognitive
screening test due to the impact of hearing impairment
may result in misdiagnosis or overestimation of cognitive
impairment.®* Dawes and colleagues therefore developed
and validated a visually based version of the MoCA for
English-speaking people with hearing impairment: the
MoCA-H.” The standard MoCA has been translated
into over 100 languages. A systematic review of the cross-

performance cut points are established for each translation of the MoCA-H.

cognitive testing, cross-cultural comparison, hearing impaired persons, mental status and
dementia tests, transcultural study, validity and reliability

Key points

« A cross-cultural investigation of a cognitive
screening tool developed for hearing impaired
people showed that there are significant differ-
ences in performance between English and
French, Greek, and German versions, beyond
controlling for age, sex, and education.

« Differences could be explained by cross-
cultural differences given that the same proto-
col was used for data collection across lan-
guage groups.

« Cutoff scores may vary across language ver-
sions of the MoCA-H and clinical decisions
should be made with caution.

Why does this paper matter?

Given that decreased audibility is associated with
misdiagnosis and overestimation of cognitive
impairment, it is important to develop cognitive
screening tools for hearing impaired individuals.
Another factor to consider is the cross-cultural
applicability of cognitive screening tools. Under-
standing cultural and linguistic differences in the
performance of a recently developed cognitive
screening tool for hearing impaired individuals is
important to evaluate its clinical utility.
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cultural performance of the MoCA examined 34 studies
across 14 languages'® and reported a wide range of cut-
offs for cognitive impairment across languages, with vari-
ability in sensitivity and specificity. The study concluded
that there were performance differences between lan-
guages, but that it was uncertain whether these differ-
ences were attributable to methodological differences
between studies or to cultural/linguistic factors. Previous
studies have examined the performance of the standard
MoCA in French-, Greek-, and German-speaking
populations.''™'* These studies all reported different opti-
mal cut points for cognitive impairment.

To our knowledge, the current study is the first to
compare performance on a version of the MoCA across
several cultural-linguistic groups using the same research
protocol, making it possible to disentangle methodological
and cultural factors. We used multiple regression model-
ing to control for known effects of educational level, sex,
and age on MoCA-H performance.

METHODS

The original MoCA-H development studies employed a
case-control (dementia vs normal cognition) design
across sites in Australia, the United Kingdom (both com-
prising the “English” sample), France, Greece, Cyprus
(the “Greek” sample), and Germany. The current study
utilized those participants with normal cognition only.
Participants were recruited from audiology services, vol-
unteer databases, and the community. To be included,
participants must have been aged over 60 years, with
clinically significant hearing impairment, resident in the
general community, and have the capacity to provide
written informed consent to participate. Those living in
long-term care facilities, who did not understand written
and spoken language, had dual sensory impairment (both
hearing and vision impairment), who were culturally
Deaf (i.e., identifying with Deaf community and values,
whereby sign language may be the primary mode of com-
munication), or who had a cognitive impairment were
excluded.

Hearing impairment status was established on pure-
tone air conduction threshold testing. Hearing impairment
was defined as a better-ear audiometric threshold >40 dB
HL over 1, 2, and 4 kHz. Pure tone audiometric hearing
assessment was carried out in a “quiet room” with a
RO7A Screening Portable Audiometer (Kamplex Limited,
London), using audiocup headphones (Amplivox, Eden
Prairie MN) to minimize background noise. Before hear-
ing testing, background noise levels were measured with a
KM6 Sound level meter (Kamplex Limited, London) to
ensure noise levels were below those recommended by

American National Standards Institute standards."* Those
who reported fluctuating or recent changes in hearing or
visual acuity with presenting visual acuity poorer than
<6/12 were excluded. All participants completed a demo-
graphics questionnaire and the GPCog, a gold standard
screening instrument for dementia developed for primary
care settings, which screens orientation, recalls, and col-
lects self- and informant-reported information about cog-
nitive status."> Healthy cognitive status was established
based on GPCog performance (receiving the maximum
score of 9 indicates no cognitive impairment) and no clini-
cian or self-reported doctor diagnosis of dementia or cog-
nitive impairment.

The study was reviewed and ethical approval
granted by the National Health Service Health Research
Authority Greater Manchester West Research Ethics
Committee (UK; 17/NW/0494), the Cyprus National
Bioethics Committee (EEBK/En/2016/29), the Comité de
Protection des Personnes du Sud-Ouest et Outre-Mer IV
(DC 2016/80), Université Laval Research Ethics Committee
(MP-20-2020-4589), the Local Ethical Committee of
Health Sciences and Scientific Committee of the Eginition
Hospital of the National and Kapodistrian University of
Athens (Z5E4648N2-FT4), and Macquarie University
Human Research Ethics Committee (52022947943893).

MoCA—hearing impaired version

Instructions and stimuli were presented in written format
rather than spoken format. The MoCA-H has a reported
sensitivity and specificity of 92.8% and 90.8%, respec-
tively, for dementia at a cutoff score of 24° though we
note that these metrics (as well as those for the standard
MoCA®) are potentially inflated due to the case-control
design of validation studies favoring the inclusion of
cases of dementia that are more severe than is typical
of the underlying population.'® The total MoCA-H score
is 30, including a 2-point adjustment for 12 or less years
of education,” with seven sub-domains (visuospatial/
executive, naming, attention, language, abstraction,
memory, and orientation) as in the standard MoCA. The
English MoCA-H was translated into French, Greek, and
German by Dawes and colleagues'’ and Vélter and col-
leagues'® using Cha, Kim, and Erlen's method'® for trans-
lating standardized assessments.

Consent and testing procedures
Testing took place at participants’ homes or testing rooms

within research facilities. Capacity to consent was formally
assessed, and written informed consent was obtained.
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All researchers had training in assessing capacity according
to relevant local laws, as well as training in the administra-
tion of the MoCA-H. After providing consent, participants
completed a hearing and vision assessment, followed by the
demographic questionnaire and the MoCA-H.

Data analysis

Post hoc power was calculated using G*Power version
3.1.%° The sample size obtained (n = 385) provided ade-
quate statistical power at the 0.05 level of statistical sig-
nificance and detected a small effect size (d = 0.2) in a
linear multiple regression model. Analyses were con-
ducted using Stata Version 17. Data were cleaned and
variables were visually analyzed on a histogram to char-
acterize normality of distributions and to check for out-
liers. Analysis of variance (ANOVA) models were used to
test for demographic and MoCA-H performance differ-
ences between language groups. A two-step hierarchical
linear regression was conducted, initially for the
MoCA-H total score, and subsequently for each domain
(visuospatial/executive, naming, memory, attention, lan-
guage, abstraction, and orientation), controlling for fac-
tors known to impact MoCA performance including age,
sex, and education which were entered into the first step,
with the predictor MoCA-H language entered into Step
2 where the English group was used as the reference
group.

RESULTS

Across sites, 391 participants were identified with normal
cognition. A total of 6 participants had invalid scores or
missing data; results are based on the analytical sample
of 385. Descriptive statistics for age, sex, and education
are presented in Table 1.

A one-way ANOVA indicated differences in age
between groups, F(3, 384) = 26.26, p < 0.001. Post hoc
pairwise comparisons indicated that the average age was
significantly higher in the French group than in the
English group, F(1, 384) = 7.48, p < 0.001, Greek group,
F(1, 384) = 7.67, p < 0.001, and German group, F(1, 384)

=10.87, p < 0.001. The average age was significantly
lower in the German group compared to the English
group F(1, 384)=3.39, p<0.05 and Greek group
F(1, 384) = 3.20, p < 0.05. The proportion of those with
less than 12 years education was different between
groups, X? (3, n = 385) = 13.53, p < 0.05; there were no
differences in the proportions of males and females,
X* (3, n = 385) = 3.21, p > 0.05.

MoCA-H total score

The MoCA-H total as a function of MoCA-H language is
presented in Figure 1. A one-way ANOVA indicated dif-
ferences in MoCA-H total between groups, F(3, 384)
= 18.24, p < 0.001. Post hoc pairwise comparisons indi-
cated that the average MoCA-H total was significantly
higher in the English group than in the French group,
F(1, 384) =4.30, p <0.001, Greek group, F(1, 384)
=342, p<0.001, and German group, F(1, 384) = 2.5,
p < 0.001. The average MoCA-H total was significantly
higher in the German group compared to the French
group F(1, 384) = 1.80, p < 0.05. There were no differ-
ences in the MoCA-H total between the German and
Greek groups F(1, 384) = 0.92, p > 0.05 and the Greek
and French groups F(1, 384) = 0.87, p > 0.05.

Age, sex, and education explained 26.76% of the vari-
ability in the MoCA-H total score, and adding language
to the model explained a further 6.89% of the variability
in the MoCA-H total score (Table 2). After controlling for
other predictors, compared with English participants, the
MoCA-H total score was on average 2.64 points lower for
French participants, 2.82 points lower for Greek partici-
pants, and 2.54 points lower for German participants.
With the exception of the orientation domain (where all
groups scored close to ceiling levels), language explained
between 3% and 10% of variance across individual of
MoCA-H domains (see Supplementary Table S1).

DISCUSSION

Prior reviews identified differences in MoCA perfor-
mance across languages, although it was unclear to what

TABLE 1 Descriptive statistics for participant demographics.
English French Greek German Total
N 70 61 79 175 385
Age (years, M (SD)) 74.91 (7.93) 82.39 (7.40) 74.72 (7.98) 71.52 (8.77) 74.51 (8.77)
Sex (% male) 44.29 54.10 55.70 56.57 53.77
Education (% less than 12 years) 40.00 68.85 63.29 53.14 55.32
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FIGURE 1 MoCA-H total 30
score as a function of language.
Error bars show standard 25
deviations.
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English French Greek German
Language
TABLE 2 Hierarchical regression Variable b t 2 R R? AR?
analysis for variables predicting
%
MoCA-H total score (n = 385). Step 1 0.52 0.27 0.27
Age —0.12%* —6 0.07
Sex 0.53 1.55 0.00
Education 2.90* 8.27 0.13
Step 2 0.58 0.34 0.07*
Age —0.12%* —6.01 0.06
Sex 0.30 0.92 0.00
Education 2.53* 7.44 0.10

MoCA-H language

French

Greek

German

—2.64* —4.61 0.05
—2.82* —5.40 0.07
—2.54* —5.58 0.08

Note: b, unstandardized regression coefficient; sr, semi-partial correlation squared; AR?, R-squared change.
Significance at the 0.05 level is denoted by *.

extent these differences were attributable to methodologi-
cal or linguistic/cultural differences between studies.'®
Using the same methodology across four languages and
controlling for demographic factors known to impact
performance, we found differences in MoCA-H perfor-
mance, which may be attributed to cultural or linguistic
factors. The size of the difference was of sufficient size
to be clinically significant, and the result implies that
performance criteria derived from English samples
may not be applicable for versions of the MoCA-H in
other languages. Some MoCA-H items may need to be
adapted in line with recommendations to ensure that
translations and cultural adaptions are robust® to main-
tain conceptual equivalence when translated into other
languages.

There were no adaptations beyond translation to
items in the French, Greek, or German MoCA-H
(C. Helmer, personal communication, April 12, 2023;
C. Thodi, personal communication, April 5, 2023; and
C. Vdlter, personal communication, April 14, 2023). The
current study revealed differences in MoCA-H subdo-
mains, which may suggest that cultural adaptation would
be appropriate for even nonverbal tasks. Different pat-
terns of abilities and cognitive styles arise from one's cul-
tural and ecological environment as culture directs what
is learnt.”! The centrality of language is seen in human
cognition through the role it plays in establishing and
transmitting culture, shaping one's mental representa-
tions, and the way in which one interacts with the
world.”* There is substantial diversity in the lexical
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patterns, phonology, grammar, pragmatic, and reading
systems across cultures.”’ Even seemingly universal
words, including words for time, space, kin relations, and
body parts, vary. For example, the word “eat” in English
excludes drinking and smoking, whereas in Turkish, the
equivalent word is more general and may refer to either
drinking or smoking.**

Limitations

Categorization of individuals as “cognitively normal”
relied on self-report and performance on a screening test
rather than a comprehensive clinical evaluation. There is
a possibility that some participants with a degree of
cognitive impairment may have been included. Also,
the bilingual status of participants was not recorded.
Bilingual individuals may perform better on certain tasks,
such as tasks of inhibition.?® Thus, bilingualism is impor-
tant to consider in cross-cultural studies as it may affect
the performance of a cognitive screening tool.

CONCLUSION

Despite control for sociodemographic factors, there were
differences in performance of the MoCA-H between
English, French, Greek, and German groups, which
may be attributed to cultural and linguistic factors. It
may therefore be inappropriate to apply performance cri-
teria derived from English populations to versions of the
MoCA-H in other languages. Translated versions of
the MoCA-H require re-validation to establish optimal
cut points for each population. In addition to translation,
cultural adaption may mitigate differences between lan-
guage versions of the MoCA-H. Cultural adaptation may
be even more relevant for translations to non-European
languages with less cultural overlap with English.
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