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Abstract.

Background: The current cognitive tests have been developed based on and standardized against Western constructs and
normative data. With older people of minority ethnic background increasing across Western countries, there is a need for
cognitive screening tests to address factors which influence performance bias and timely diagnostic dementia accuracy. The
diagnostic accuracy in translated and culturally adapted cognitive screening tests and their impact on test performance in
diverse populations have not been well addressed to date.

Objective: This review aims to highlight considerations relating to the adaptation processes, language, cultural influences,
impact of immigration, and level of education to assess for dementia in non-Western and/or non-English speaking populations.
Methods: We conducted a systematic search for studies addressing the effects of translation and cultural adaptations of
cognitive screening tests (developed in a Western context) upon their diagnostic accuracy and test performance across diverse
populations. Four electronic databases and manual searches were conducted, using a predefined search strategy. A narrative
synthesis of findings was conducted.

Results: Search strategy yielded 2,890 articles, and seventeen studies (4,463 participants) met the inclusion criteria. There
was variability in the sensitivity and specificity of cognitive tests, irrespective of whether they were translated only, culturally
adapted only, or both. Cognitive test performance was affected by education, linguistic ability, and aspects of acculturation.
Conclusions: We highlight the importance of translating and culturally adapting tests that have been developed in the Western
context. However, these findings should be interpreted with caution as results varied due to the broad selection of included
cognitive tests.
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INTRODUCTION

Over the last 50 years, the impact of globaliza-
tion has led to an increase in people from culturally
diverse backgrounds migrating to various destina-
tions, including Western countries [1]. According to
the census data from the Office for National Statistics
(2021), approximately 18% of the United Kingdom
(UK) population identifies as an ethnic minority,
which includes those for whom English is not their
first language [2].

Older people from ethnic minorities are at
increased risk of receiving a diagnosis of dementia
[3]. Physical health related factors, such as hyperten-
sion and diabetes, are partially responsible for this [4].
The higher likelihood of a dementia diagnosis could
also be attributed to the reduced specificity of some
tests, especially brief cognitive assessment tools
[5], resulting in higher incidents of false positives,
whereby dementia and mild cognitive impairment
(MCI) are incorrectly identified by a test in a cog-
nitively healthy (CH) individual.

Screening tests assist the diagnostic process of
assessing cognitive impairment. Such tests are known
to be influenced by multiple factors including age,
years/level of education, language, culture, and
literacy rates [6]. Eurocentric bias is also well-
documented in the cognitive assessment process [7].
Many cognitive screening tests have been constructed
in Western countries, i.e., developed predominantly
in the United Kingdom (UK) and United States of
America (USA), and therefore standardized on pri-
marily Western, Caucasian, and English-speaking
samples and cultures [8]. At the core, this situates
European norms as the standard to which other cul-
tures are being compared against [9].

Even though cultural factors may influence screen-
ing tools with dominant Western characteristics and,
thus, can affect test performance, only few cognitive
tests have considered this [10]. Furthermore, some
argue that emphasis is placed on different cognitive
skills within different cultures [11]. For example,
the Western model of education typically exposes
individuals to test conditions from a fairly young
age [12] which could be likened to that of cognitive
assessments. Where schooling is embedded within
the culture, individuals are more likely to develop
skills relating to finishing tasks within an allotted
timeframe and being familiar with the demand for
continuous attention. Therefore, individuals migrat-
ing from a developing country may possess potential
sources of underperformance such as lower level

of education, lack of familiarity with the language
and cultural differences, such as culture-specific test
items which assume familiarity to a different cul-
ture in which the population had been raised [13].
In these circumstances, such a testing process may
raise a person’s anxiety levels and, thus, not be an
accurate reflection of an individual’s true ability.

There has been growing evidence that cultural vari-
ables can exert a powerful effect on test performance
[14] and, therefore, pose a challenge when interpret-
ing scores in different cultural contexts. Even within
the same country, ethnic minorities may also be influ-
enced by cultural factors. One factor which is thought
to have a potential impact on test performance is
acculturation, defined as the process of cultural learn-
ing and incorporation of language, values, beliefs,
and customs of a new country in which a per-
son with an immigrant background resides [15, 16].
Some studies have identified associations between
the degree of acculturation and the performance on
cognitive tests designed in the country in which they
reside, i.e., nativity status (place of birth and length of
residence in the new country) and language accultura-
tion (documented whether participants were bilingual
or spoke primarily Spanish or English at home) [17],
or quality of education (reading level) [ 18]. However,
acculturation except language ability (understanding
reading, writing and speaking, use and preference)
comprises of different variables including the qual-
ity and the degree of formal education, and the
pattern of abilities and values developed as a con-
sequence of the cultural background [19], including
social contacts (relations, friendships, way of deal-
ing with people, communication style, family life),
daily living habits, use of media, access to education,
work, marriage, childrearing practices, celebrations
and holidays, general knowledge and knowledge of
world affairs, as well as specific cultural habits and
customs [20]. It is, therefore, important to understand
exactly what aspects of acculturation may impact per-
formance.

Various screening tests have been validated
through translated adaptations to increase diagnostic
accuracy in culturally diverse populations. However,
translation alone can be problematic as it does not
address other matters concerning cultural differences
[21]. Translation may also create issues when measur-
ing aspects such as fluency, as it will not be testing
the same factor if translated and could manifest as
longer response times [22]. The impact of culture
may affect the validity of cognitive screening tests
used to identify dementia and MCI through biases
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that may be related to the test itself, the adminis-
tration and/or the interpretation of scores [8]. For
example, where an item in a test may be ambigu-
ous due to poor translation or lack of meaning in a
particular cultural context, this may affect an indi-
vidual’s understanding, their interpretation [23] and,
as a result, impact a test’s diagnostic accuracy. This
may be through different biases including that of
construct (non-equivalent constructs across cultural
groups) and item (inadequate translation from incor-
rect word choice) [24].

Universal cut-offs can also lead to sampling biases,
whereby a cut-off may not match with the individu-
als being assessed [25] (e.g., if a target population
has a lower level of education or higher rates of illit-
eracy). As such, this could lead to false conclusions
made about an individual’s cognitive ability which
could have certain consequences, such as leading to
inaccurate diagnosis. Additionally, this could also
be problematic for the interpretation of scores by
healthcare professionals which may impact clinical
decision making.

Systematic reviews have explored cultural adap-
tations of specific screening tests including the
Montreal Cognitive Assessment (MoCA) [26] and the
Rowland Universal Dementia Assessment (RUDAS)
[27] in specific populations e.g., literate versus illit-
erate [28], or specific to certain countries [29].
However, the translation and cultural adaptation of
several dementia screening tests more broadly across
a variety of populations has not been addressed.
The aim of this paper is to explore the effects
of translation and cultural adaptations in a range
of cognitive screening tests developed in a West-
ern context and investigate the impact this has on
their diagnostic accuracy and test performance across
diverse populations. This review aims to highlight
considerations relating to the adaptation processes,
language, cultural influences, impact of immigra-
tion, and level of education when using a range of
different Western-designed cognitive screening tools
originally in English to assess for dementia in non-
Western and/or non-English speaking populations.

METHODS
Search strategy

Four databases were searched, including: APA
PsycInfo, Medline, the Cumulative Index to Nurs-

ing and Allied Health Literature (CINAHL), and
SCOPUS. Databases were searched from inception

Table 1
Concept and corresponding search terms table

Concept Search terms

Individuals from
culturally diverse

ethnic* group* or ethnic* or rac* or
cultur® or marginali*ed background*

populations™* or minorit* or racial background* or
cultural background* or racial
differen* or ethnic minorit* or
ethnic* divers*

Dementia dementia* or alzheimer* or memory

loss or cognitive impairment™ or
vascular dementia or frontotemporal

Cognitive screening tests ~ cognitive assessment* or cognitive
tool™ or cognitive test* or brief
cognitive assessment™ or cognitive
screening™ or cognitive screening
test™

The Boolean operator ‘AND’ was used to combine search terms
for the final search. *Truncation symbol used at the end of search
terms to find any string of characters in that position, for example,
ethnic* would identify ethnic, ethnicity, ethnicities etc. **The term
‘culturally diverse populations’ was used to refer to non-English
speaking participants and/or those from non-Western countries for
whom English was not their first language.

to 30 June 2023. Database searches were addition-
ally supplemented with manual searches [i.e., The
Clinical Neuropsychologist 2017-2023; Archives of
Clinical Psychology 2020-2023; Neurological Sci-
ences 2022; British Journal of Psychiatry Open
2022 (an online-only open access journal); Jour-
nal of International Neuropsychological Society
2022, etc.].

Development of search terms

The key search concepts for this review were
identified through a focus on the population and
intervention elements of the PICO framework [30].
The individual terms for each concept were guided
by consideration of terms used in previous reviews
within the field (Table 1).

Article selection summary

A total of 2,890 records were identified. Dupli-
cates (n=801) were removed using the reference
management tool, Endnote (n =460), as well as man-
ually (n=341) (NCC-A). The remaining records
(n=2,089) were screened based on title and abstract
independently by three reviewers (NCC-A, TC, and
EBM-L) against the inclusion and exclusion crite-
ria (Table 2). The PRISMA diagram [31] outlines
the search results and screening process, includ-
ing the reasons for exclusion at the full-text screen
(Fig. 1). The study is compliant with the PRISMA
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Table 2

Inclusion and exclusion criteria. Cultural diversity was defined according to Lin (2020) as

‘an open-ended term, which generally refers to a reality of coexistence of diverse knowledge,

beliefs, arts, morals, laws, customs, religions, languages, abilities and disabilities, genders,
ethnicities, races, nationalities, sexual orientations, etc.’

Inclusion criteria

Exclusion criteria

Sample involving participants assessed
for the detection of dementia including
Alzheimer disease, vascular dementia,
frontotemporal dementia, Parkinson
disease, rare dementias, or mild
cognitive impairment in any clinical or
community setting

Adults aged >60*

Studies written in English

Cognitive assessment tools which have
been culturally adapted or translated
from English

Studies that were written in another language
other than English

Studies conducted on participants devoid of
cognitive complaints only

Qualitative studies, case studies, focus
groups

Studies that include behavioral or functional
assessments only

Studies involving only participants devoid of
cognitive complaints

Cognitive impairment or neuropsychological
profile being assessed for/or associated with
another condition/ co-morbidity (e.g., stroke,
TIA, acquired brain injury, heart failure,
HIV, diabetes, epilepsy etc.)

Studies which use only screening tools
designed to be “culturally fair”

*As based on mean age reported; for some studies 95% confidence interval (CI) was also
calculated, to ensure that 95% of participants had the true mean of age >60 years. HI'V, human
immunodeficiency virus infection; TIA, transient ischemic attack.

2020 27-item checklist for reporting systematic
reviews [31].

Data extraction and synthesis

Data was extracted on the following: popula-
tion, setting, specification of diagnosis, comparison
(dementia/MCI versus controls and cultural group),
age, country, education level, adaptations (cultural/
translations versus original), cut-off scores, sensi-
tivity, and specificity (Supplementary Material 1).
The extraction of data and quality assessment was
performed independently by two authors (extrac-
tion of data: NCC-A and TC, and TC and EBM-L;
quality assessment NCC-A and EBM-L and EBM-
L and HS). Disagreements were internally resolved
between the reviewers. Due to limited studies iden-
tified, their heterogeneity, as based on dementia
subtypes and clinical cognitive assessment tools used,
a meta-analysis was precluded, and a narrative syn-
thesis was conducted instead. Studies characteristics
and key outcomes were summarized as tables and
a figure. Data files/information were available for
download from the journal website or a data reposi-
tories.

Sensitivity and specificity for optimal cut offs
(as indicated by the authors) were extracted into
Microsoft Excel, and confidence intervals at 95%
were calculated for 14 studies. Sensitivity/specificity

data was plotted onto two separate forest plots for the
relevant category: differentiating MCI from CH and
dementia from CH. Where sensitivity and specificity
values were not used (n = 3), area under curve (AUC),
correlation coefficients or other relevant data is pre-
sented. Where studies have included comparison
between English-speaking and non-English speak-
ing or immigrant population versus non-immigrant
population groups, comparative data relating to test
performance is also presented. Heterogeneity was
accessed via visual examination of risk bias, descrip-
tive data and forest plots. Factors which were thought
to possibly contribute to heterogeneity related to co-
variates including selection of patients, education,
linguistic ability, and immigration status.

Quality appraisal

The quality of the eligible studies was assessed
using the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS-2) tool (Table 1, Supplemen-
tary Material 2A and 2B) [32].

RESULTS
Study characteristics

Studies were published between 1999-2023
(Table 3). The studies recruited samples from
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(n=17) Non-English (n=2)
—

Fig. 1. PRISMA flowchart for systematic reviews with included searches of databases and identified reports.

clinical and community settings, and came from
Middle East (Turkey n=2, Lebanon n=1), North
America (Mexico n=1, USA n=1, Canada,
n=1), Europe (one study each from Greece, Bel-
gium/Denmark/Norway/Sweden/Germany, Czech
Republic, Netherlands, Germany, Sweden), one
study each from South America (Argentina) and
Southern/ Eastern Asia (India, Sri Lanka, Thailand
and Japan). Most studies used the Diagnostic and
Statistical Manual of Mental Disorders (DSM) as a
reference standard (n =9), followed by the NINCDS-
ADRDA (National Institute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s
Disease and Related Disorders Association; n=06).
The most prevalent cognitive tools were RUDAS
(n=5) followed by MoCA (n=4) (see Supplemen-

tary Material 3 for further study characteristics
which specify cut-off scores for each study).

Participant characteristics

The total number of participants was 4,463, with
sample sizes ranging from 56 [33] to 874 [34]. The
overall total sample comprised of 55% females and
45% males, with a mean age 71.8 years. Mean years
of education varied across studies from 7 [33] to 14.6
years [35], with few studies including participants
with no education [10] or no formal education (52%)
[36]. Where studies included further information on
the level of education in populations with an immi-
grant background, a summary of this is presented in
Supplementary Material 4.



Table 3

Summary of eligible studies

Authors Location of study ~ Sample Age Sex Education, Cognitive status Criteria Screening tool(s) assessed
size (n) (M £ SD)) (Female %) y (M)

Aguilar-Navarro ~ Mexico 215 79+7.3 59% 9.9 AD and MCI DSM-V 5-WT (cultural

et al. (2019) [45] adaptation; five nouns
from the Spanish
language were selected)

Bezdicek et al. Czech 874 71+13.3 56% 14 PD and PD-MCI ~ U.K. PD Society = MoCA-CZ (translation)

(2020) [34] Republic/USA Brain Bank

criteria

Borson et al. USA 295 73.7£9.2 68% 114 Probable dementia CERAD CDT

(1999) [44] (Adaptation/translation
not required)

Celik et al. (2022) Germany 65 72.1+7.6 55% 8.7* AD NINCDS- RUDAS and MMSE

[47] ADRDA (translation)

Chaaya et al. Lebanon 232 79.1£8.1 71% 52% no formal Dementia (not DSM-IV A-RUDAS (back

(2016) [36] education specified) translated) and A-MMSE
(translation)

Franzen et al. Netherlands 87 67.5+£11.1 51% Range Dementia NINCDS- VAT and mVAT (modified

(2019) [10] (y) =0—>primary (unspecified) ADRDA VAT using colored

education NINDS-AIREN photographs instead of

line drawings)

Karunaratne et al. ~ Sri Lanka 98 64+10.3 35% 10.4 AD DSM-V MoCA-S (back

(2011) [38] translation and cultural
adaptation)

Kaya et al. (2016) Turkey 274 74+£7.2 62% 8.1 MCI and AD NINCDS- SLUMS-T (back

[39] ADRDA translation)

Lakshminarayanan India 107 72.3 & unknown 59% 11 Mild-moderate DSM-V ADAS-Cog (back

et al. (2022) [41] dementia translation and cultural
adaptation)

Manjavong et al. Thailand 150 68.4 &+ unknown 52% Range MCI DSM-V RUDAS-Thai

(2021) [25] (y)=6.5-15 MoCA-Thai (translation)

99
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Mavioglu et al.

(2006) [33]

Nielsen et al.
(2019) [40]

Serrano et al.
(2020) [50]
Statucka et al.
(2021) [35]
Torkpoor et al,
2022 [43]

Tsolaki et al.
(2000) [37]

Yoshida et al.
(2012) [42]

Turkey

Germany,
Belgium, Sweden,
Denmark,
Norway, Greece
Argentina

USA

Sweden

Greece

Japan

56

280

399

714

125

250

242

69.5+74

71£94

73.4+£6.9

63.1£6.6

71.6+12.5

79+3.8

72483

45%

57%

70%

33%

54%

46%

64%

10.3
14.6*
9.2+4.1

Range
(y)=1-20

5.4

11.6

AD

Dementia
(various)

MCI and dementia
PD-MCI

No dementia
(n=62; (SCI,
MCI, depression,
PTSD etc.)
dementia (n=63;
AD, VaD, Mixed
(AD and VaD),
DLB, FTD, PDD
and nonspecific
dementia)
Mild-severe
dementia (various
types)

MCI and dementia

DSM-1V;
NINCDS-
ADRDA
DSM-IV-TR

DSM-V

MDS PD-MCI
Level II criteria
ICD-10

DSM-V;
NINCDS-
ADRDA
NINCDS-
ADRDA

ADAS-Cog (translation
and cultural adaptation)

RUDAS (back
translation)

MoCA-A (translation and
cultural adaptation)
DRS-2 (translation)

MMSE-S, RUDAS-S,
FAQ (translation)

CAMCOG (back
translation)

ACE-R-J (translation and
modification so the test be
linguistically and
culturally equivalent to
the original English
version)

ACE-R, Addenbrooke’s Cognitive Examination-Revised; ACE-R-J, Japanese version of Addenbrookes Cognitive Examination — Revised; AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s
Disease Assessment Scale-Cognitive subscale; CAMCOG, Cambridge Cognitive Examination; CDT, Clock Drawing Test; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease;
DRS, Mattis Dementia Rating Scale; DSM, Diagnostic and Statistical Manual of Mental Disorders; DLB, Dementia with Lewy Body; 5-WT, Five-Word Test; FDT, Frontotemporal lobe dementia;
FAQ, Functional Assessment Questionnaire; M, Mean; MCI, Mild Cognitive Impairment; MMSE, Mini Mental State Examination; A-MMSE, MMSE in the Arabic language; mMMSE, Modified
Mini Mental Status Examination; MMSE-S, MMSE in the Swedish language; MoCA, Montreal Cognitive Assessment; MoCA-CZ, Czech version of MoCA; NINCDS-ADRDA, National Institute
of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association; PD, Parkinson’s disease; PDD, Parkinson’s Disease Dementia; PD-MCI,
Parkinson’s disease-Mild Cognitive Impairment; PTSD, Posttraumatic Stress Disorder; RUDAS, Rowland Universal Dementia Assessment Scale; A-RUDAS, RUDAS in the Arabic language;
RUDASS-S, RUDAS in the Swedish language; SCI, Subjective Cognitive Impairment; SD, Standard Deviation; SLUMS, Saint Louis University Mental Status; VaD, Vascular Dementia; VAT,
Visual Association Test; mVAT, modified Visual Association Test.
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Cultural and translation adaptations

Translation process

Six studies [36—41] adopted the backwards trans-
lation process to translate the screening tests
(Table 3). These studies demonstrated high sensitiv-
ity (84%—-99%) [39, 42] and high specificity, from
80% [38] to 99% [42]. In contrast, studies that did
not use back translation, demonstrated much higher
heterogeneity in differentiating dementia and MCI
from cognitively healthy individuals, with sensitiv-
ity and specificity as low as 65% [43] and 40% [35],
respectively.

Some studies did not warrant a backwards trans-
lation process [10, 44]. For example, Borson et al.
(1999) explored the utility of the Clock Drawing
Test (CDT) in a multi-ethnic sample which involved
minimal language requirements [44]. Instead, an
interpreter specifically trained for the study admin-
istered the test instructions in the participants’ native
language. Results demonstrated high levels of sensi-
tivity (94%) and specificity (85%) for differentiating
between probable dementia and CH controls in
low educated and non-English speaking participants.
Similar high accuracy to differentiate people with
dementia and MCI from cognitively intact individuals
was also demonstrated with the Visual Associa-
tion Test (VAT), irrespective of whether the six-line
drawings of pairs of interacting objects (associa-
tion cards) were presented in black and white or in
color [10].

Cultural adaptations

Seven of the included studies made cultural adap-
tations to fit more specifically within a country’s
cultural norms. For example, the cultural adaptation
of the five-word test (SWT) [45], was undertaken by
five linguistic experts from Mexico. Five words from
the Spanish language were chosen based on crite-
ria to make the test comparable to the original: word
length of two to three syllables and beginning with
different letters of the alphabet. The understanding of
the chosen words was then assessed by small groups
of older adult volunteers from the memory service
of the study site. The test was validated on volun-
teers from the site in which the study was conducted,
which could increase risk of bias and lead to con-
cerns regarding applicability to other regions within
Mexico thus, impacting on generalizability. Results
demonstrated sensitivity of 89% and specificity of
98% for differentiating between Alzheimer’s disease

(AD) and CH. For MCI, sensitivity and specificity
were 66% and 77%, respectively.

Other studies used a backwards translation process
as well as making cultural adaptations. For exam-
ple, following the translation process, Mavioglu et
al. (2006) adapted words from the ADAS-Cog to fit
better with Turkish culture, i.e., “ocean” was replaced
with “sea” and “lobster” with “fish” [33]. With these
modifications, the test differentiated between proba-
ble AD and CH (p <0.001). In Lakshminarayanan et
al. (2022) study [41], the ADAS-Cog “Word Recall’
was replaced with the Consortium to Establish a Reg-
istry for Alzheimer’s Disease (CERAD) word list,
used in other adaptation studies conducted in low and
middle-income countries [46]. Likewise, the “Nam-
ing Objects and Fingers” item was substituted with
culturally appropriate alternatives, with the authors
providing an example of replacing “mask” (which
they found difficult for participants to identify) with
“battery” from the list of alternative words.

Franzen et al. (2019) adapted the original Visual
Association Test (VAT) by changing the black and
white line drawings to color photographs [10]. Both
the original VAT and the modified version (mVAT)
were administered to non-Western immigrants from
a memory clinic setting and a control sample of
CH individuals with an immigrant background.
Although both tests discriminated well between
individuals with and without dementia; participants
performed higher when completing the mVAT (VAT,
AUC=0.77-0.88; mVAT, AUC=0.85-0.95). This
suggests that performance of non-Western immi-
grants could be underestimated when using black and
white line drawings.

Immigrant populations

In addition to investigating the accuracy of cultural
and translational adaptations of dementia cognitive
screening tests, six studies explored screening tests
in identifying dementia or MCI in those from an
immigrant population. Three of the studies’ find-
ings suggested that both educational background
and linguistic ability of those from a non-Western
first-generation immigrant background need to be
considered when characterizing cognitive profiles
[35, 40, 47]. However, four of these studies did not
translate or culturally adapt the respective cognitive
screening tests and instead investigated diagnostic
accuracy and test performance in relation to immi-
grant versus non-immigrant groups. For example,
in Nielsen et al’s study. (2019), 57% of partic-
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ipants had an immigrant background [40]. The
findings in this group demonstrated that RUDAS
scores were mainly affected by level of educa-
tion as opposed to immigrant status. When cut-off
scores were adjusted to account for education, this
slightly improved diagnostic accuracy (before adjust-
ment, AUC of 0.93; after adjustment, AUC of 0.95).
On the other hand, Torkpoor et al. (2022) study,
based on a smaller group of immigrants, reported
that educational background and immigrant status
do not influence the RUDAS, but the MMSE cog-
nitive performance [43]. In contrast, Celik et al.
(2022) found no difference when adjustments were
made to account for years of education in RUDAS
scores (p=0.622) but did find that years of educa-
tion were significantly associated with total MMSE
scores (p <0.001), where German natives performed
better [47]. Thus, it could be important to consider
to what extent level of education may be correlated
with immigrant background, i.e., some studies have
found lower test performance scores to be associ-
ated with lower levels of education related to lack
of opportunity available within lower economically
developed countries (LEDCs) [48]. This is supported
by Statuckaet al. (2021) [35] who reported that immi-
grant status alone did not significantly impact results
(p=0.560) but instead was related to other variables
around the Historical Index of Human Develop-
ment (p <0.001). This latter measure captures three
dimensions of human development including a long
and healthy life (life expectancy), access to knowl-
edge (years of schooling) and decent standard of
living (gross income, adjusted for price level of
country) [49].

The impact of bilingualism in cognitive testing
also appeared to be relevant. Thus, bilingual peo-
ple performed significantly better on the MMSE as
opposed to those who were monolingual (p =0.046)
[47]. However, when bilinguals were removed from
the analyses, results demonstrated that Turkish (TR)
and Turkish immigrant (TI) groups performed sig-
nificantly worse than German participants (TR,
p=0.021; TI, p=<0.001).

Risk of bias across studies

A summary of the methodological quality using
the QUADAS-2 is presented in Table 4.

The quality within some domains (patient selec-
tion, index test, reference standard and flow and
timing) was sometimes difficult to assess due to infor-
mation not being clearly reported within the studies.

a) Risk of bias

Patient selection

Index standard

Reference standard

Flow and timing

0% 20% 40% 60% 80% 100%

Low risk W High risk M Unclear

b) Applicability concerns

Patient selection .

Index standard

Reference standard

0% 20% 40% 60% 80% 100%

Low risk W High risk M Unclear

Fig. 2. Risk of bias and concerns about applicability. Proportion of
studies with low, high, and unclear risk of bias (a) and applicability
(b). Values represent percentage of studies (n=17).

The ratings for each domain are presented as per-
centages in Fig. 2. The only study that demonstrated
low bias on all domains was the one by Tsolaki
et al. (2000) in which participants came from a
memory clinic setting [37]. The authors included
a heterogeneous group of participants from differ-
ent cultural and socio-economic environments and
extent of cognitive problems, ranging from sub-
jective and functional cognitive problems to those
with MCI and unselected dementias, so that they
represented as many variables of the general pop-
ulation as possible in the analyzed sample. This
was not the case for other studies that had a
high level of bias in respect to patient selection,
due to the nature of some of the case-control
designs.

For index test, 7 studies were marked as ‘unclear’
due to the absence or lack of clarity around test
administration. Three studies [38, 40, 43] were rated
as being at ‘high’ risk of bias due to the asses-
sors’ knowledge of the participant’s cognitive and/or
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Table 4

Methodological quality of data based on the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool [32]

Study

Concerns

Risk of bias regarding
applicability
= =
5 | o 5
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Aguilar-Navarro et al. (2019) [45]

Bezdicek et al. (2020) [34]

Borson et al. (1999) [44]

Celik et al. (2022) [47]

Chaaya et al. (2016) [36]

Franzen et al. (2019) [10]
Karunaratne et al. (2011) [38]
Kaya et al. (2016) [39]

Lakshminarayanan et al. (2022) [41]

Manjavong et al. (2021) [25]

Mavioglu et al. (2006) [33]
Nielsen et al. (2019) [40]
Serrano et al. (2020) [50]

Statucka et al. (2021) [35]
Torkpoor et al. (2022) [43]

Tsolaki et al. (2000) [37]

Yoshida et al. (2012) [42]

Key: Jlll High [ ] Low

immigrant status and potential for overestimation of
diagnostic accuracy.

For reference standard, all but one of the studies
used a recognized reference standard that was likely
to correctly classify the target condition. Over 80%
of studies were rated as ‘low’ risk of bias and ‘low’
in terms of concerns about applicability. Two stud-
ies [40, 47] were marked as ‘unclear’ due to lack of
clarity around the use of masking.

For flow and timing, four studies were marked
as ‘unclear’ due to lack of information reported
in relation to the time intervals between the index
test and reference standard. One study [35] was
rated ‘high’ in level of bias due to lack of justifi-
cation around a time of approximately 12 months
between reference standard and index test. Condi-
tions may have worsened during this timeframe, thus
contributing towards unreliable diagnostic accuracy
data.

[] Unclear

Mild cognitive impairment versus cognitive
health studies

Seven studies (n=1,158; Table 3) investigated the
ability of the included cognitive screening tests [SWT,
Czech version of the MoCA (MoCA-CZ), Turk-
ish version of Saint Louis University Mental Status
(SLUMS-T), RUDAS-Thai, Argentine version of the
MoCA (MoCA-A), Dementia Rating Scale (DRS),
Japanese version of Addenbrookes Cognitive Exam-
ination - Revised (ACE-R-J)] to differentiate MCI
from CH. Sensitivity ranged from 66% (at a speci-
ficity of 77%) to 87% (at a specificity of 97%),
whereas their specificity ranged from 40% (at a sen-
sitivity of 82%) to 92% (at a sensitivity of 87%)
(Fig. 3). Two of the included studies by Bezdicek et
al. (2020) [34] and Statucka et al. (2021) [35] investi-
gated the ability of two separate cognitive screening
tests (MoCA-CZ and DRS-2) to differentiate between
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Study Sensitivity (95%Cl) Specificity (95%Cl)
Yoshida et al. (2012) [42] 0.87 (0.77-0.97) — @ 0.92(0.84-1.00) —a—
Statucka et al. (2021) [35] 0.82(0.76-0.88) —a— 0.40 (0.34-0.46) —a—
Serrano et al. (2020) [50] 0.85 (0.79-0.91) —— 0.70 (0.62-0.78) —a—
Manjavong et al. (2021) [25] 0.76 (0.70-0.82) —a— 0.75 (0.61-0.89) .
Kaya et al. (2016) [39] 0.67 (0.49-0.90 | - 0.72 (0.56-0.88) —_—
Bezdicek et al. (2000) [34] 0.82 (0.70-0.94) —— 0.62 (0.48-0.76) —.
Bezdicek et al. (2000)* [34] 0.73 (0.59-0.87) —_—— 0.76 (0.62-0.90) —_——
Aguilar-Navaro et al. (1999) [45] 0.66 (0.54-0.78)  — —— 0.77 (0.67-0.87) —.—

T T
0.6 0.8
Odds ratio

Fig. 3. Forest plot differentiating between MCI and CH. *These studies differentiated between PD-MCI.

Parkinson’s disease (PD) MCI (PD-MCI) and PD
cognitively healthy (PD-CH) people. Bezdicek et al.
(2020) explored the MoCA-CZ which had a sensitiv-
ity of 73% and specificity at 76% [34]. In comparison,
the same study also differentiated PD-MCI from CH
at a sensitivity of 82% and specificity of 62%, sug-
gesting that the MoCA-CZ was more sensitive in
differentiating between PD-MCI and CH, but had
higher false positive rates when compared to the PD-
MCI and PD-CH group.

These results are in contrast with Statucka et al.
(2021) who reported DRS-2 to have a sensitivity
of 82% and specificity of 40% when differentiat-
ing between the international PD-MCI versus PD-HC
group [35]. However, as the two studies investigated
different cognitive screening tests, one which was
translated and culturally adapted and one which was
not (MoCA-CZ versus DRS-2, respectively), direct
comparisons between these two studies could not be
made. Nevertheless, this study highlighted the impor-
tance of cultural and translated adaptations of a test
which could possibly increase the overall diagnostic
accuracy in culturally diverse groups leading to lower
false positive rates.

Dementia versus CH

Eleven studies with 1,296 participants investigated
the ability of cognitive screening tests (ACE-R-
J, ADAS-Cog-Tamil, CAMCOG, CDT, MoCA-A,
MoCA-S, RUDAS, A-RUDAS, RUDAS-S, SLUMS-
T, and 5WT) to differentiate dementia from CH
(Table 3). Dementia types included AD (n=6),
vascular dementia, frontotemporal dementia, mixed
dementia, dementia with Lewy bodies (two studies
each), PD dementia (n = 3) and non-specified demen-

tia type (n=6). Sensitivity ranged from 80% (at a
specificity of 90%; [40]) to 100% (at a specificity of
70%; [50]) whereas specificity ranged from 70% (at
a sensitivity of 100%; [50]) to 99% (at a sensitivity
of 99%; [42]) (Fig. 4).

Overall, the findings across studies demonstrated
cognitive screening tests to have higher sensitivity
and specificity in differentiating dementia versus CH
subjects.

Heterogeneity

Some studies rated at ‘high risk’ of bias in patient
selection had higher levels of accuracy reported than
those of low risk and unclear ratings. For example,
in the study conducted by Statucka et al. (2021), the
DRS-2 showed high sensitivity (82%) but low speci-
ficity (40%) when differentiating between PD-MCI
from PD-HC [35]. This may be due to the differ-
ence in disease severity within and between groups.
For instance, both groups comprised of participants
diagnosed with PD, with MCI being a common fea-
ture, and could have been associated with older age
at assessment and depression amongst other factors
[51], thus, potentially resulting in higher false posi-
tive rates within this population.

DISCUSSION

Dementia cognitive screening tests in older cultur-
ally diverse populations were widely variable across
studies, especially in terms of cut-offs, with opti-
mal cut offs based on authors’ own data without
external validation, and sensitivity and specificity
scores. Findings were multi-faceted which may pro-
vide insight into different factors when considering
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Study Sensitivity (95%Cl) Specificity (95%Cl)
Yoshida et al. (2012) [42] 0.99 (0.97-1.01) HEH  0.99(0.97-1.01) HH
Tsolaki et al. (2000) [37] 0.90 (0.84-0.96) —a— 0.92(0.86-0.98) ——
Torkpoor et al. (2022) [43] 0.92 (0.81-0.97) A 0.60(0.46-0.72) | — @g——
Serrano et al. (2020) [50] 1.00 (0.98-1.02) &  0.70(0.60-0.80) —a—
Nielsen et al. (2019) [40] 0.80 (0.72-0.88) F——"—H 0.90 (0.84-0.96) —a—
Lakshminarayanan et al. (2020) [41] 0.90 (0.82-0.98) b 0.89 (0.81-0.97) —a—
Kaya et al. (2016) [39] 0.84 (0.70-0.98) P 0.87 (0.75-0.99) —a—
Karunaratne et al. (2011) [38] 0.98 (0.94-1.02) —— g0 (0.68-0.92) | —
Chaaya et al. (2016) [36] 0.83(0.74-090) ——@——— 0.85 (0.77-0.90) -
Borson et al. (1999) [44] 0.94 (0.92-0.96) i 0.85 (0.82-0.89) HH
Aguilar-Navaro et al. (1999) [45] 0.89 (0.81-0.97) s .

0.98 (0.94-1.02)

Odds ratio

Fig. 4. Forest plot differentiating between dementia and CH.

the effect that both translation and cultural adapta-
tions of tests have on diagnostic accuracy and test
performance in diverse populations.

The studies included within this review varied in
sample size, demographics, settings, education level,
as well as variations in the population (e.g., severity
of disease). This could have included inconsistency
in the severity of symptoms, education level, linguis-
tic ability, and the level of anxiety experienced in
those completing tests in clinical settings compared
to in participants’ own homes within the community.
Additionally, the specified cut-offs in studies were
adjusted dependent on different factors within the
study populations, such as years of education and/or
severity of disease. This could have impacted on the
diagnostic variability across studies and subsequently
affected the validity and reliability, sensitivity, and
specificity of the included cognitive screening tests
in accurately identifying MCI and dementia.

General findings indicated that sensitivity and
specificity was higher when differentiating between
dementia and CH in comparison to MCI versus CH.
Furthermore, depending on the cognitive tests, the
differentiation between dementia and CH groups had
the lowest sensitivity and specificity when translated-
only cognitive tests were used [43], followed by back
translation [36, 37, 39, 40], with the highest accuracy
demonstrated on those tests that were based on both
back translation and cultural adaptation [38, 41, 42,
50], or cultural adaptation only [45]. On the other
hand, all the tests used to differentiate MCI from CH
were based only on translation [25, 34, 35] or back
translation [39], with only two studies addressing the
cultural adaptation of the used cognitive tests, with
variable success [42, 45]. One of the reasons why
cognitive tests may have different accuracy in detect-
ing dementia and MCI may lie not only in the quality

of the translated and adapted cognitive tools, but also
their ability to aid the MCI diagnosis in culturally
diverse clinical settings. Moreover, MCl itself is also
heterogenous and an unstable construct which can
lead to variable patterns and diagnosis rates.

Consideration should be taken when interpreting
our findings as many of the samples in the included
studies compared groups with confirmed diagnoses
against participants who were deemed as ‘“‘cogni-
tively healthy”. This could potentially over-estimated
diagnostic accuracy as some studies have excluded
participants who may have been considered “difficult
to diagnose” or those with unconfirmed diagnoses,
suggesting that in clinical settings the sensitivity and
specificity of these cognitive tests may be lower.
Thus, all these studies, except for Tsolaki et al. (2020)
study [37] that used CAMCOG, did not reflect a real
clinical setting with a whole spectrum of memory
problems, including functional cognitive impairment
(i.e., memory problems but no dementia). Indeed, if
the latter were included, the sensitivity and speci-
ficity of cognitive tests (RUDAS) was substantially
lower (0.717 and 0.583, respectively) with accuracy
of <70% [52]. This raises the question as to whether
differentiating between those with a confirmed diag-
nosis and those deemed as ‘cognitively healthy’ could
be overestimating diagnostic accuracy in typical clin-
ical scenarios, and, therefore, introduce an element of
bias by not testing an overall sample including those
with ‘unconfirmed’ diagnoses. Additionally, health-
care professionals need to be mindful of high false
positive rates as this could lead not only to further
testing in those that may not necessarily require it but
also impacts patients’ daily life, in terms of driving,
work, insurance, anxiety etc.

Cognitive screening tests, detailed above, can be
biased against those from a non-English speak-
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ing and/or non-Western country. This is particularly
apparent in studies which include tests that have not
been translated or culturally adapted [35, 40, 47].
Whilst cognitive processes are thought to be gener-
ally universal, a person’s culture can impact on this
which can also extend to cognitive test performance
[53]. Factors concerning socioenvironmental context
were thought to have contributed to poorer perfor-
mance in those from a culturally diverse population
when compared to English speaking or Western pop-
ulations. Characteristics including country of origin,
level of education and economic status of a coun-
try, are variables thought to have led to discrepancy
amongst test performance. It is reported that those
from LEDCs have less opportunity to receive higher
quality education [54] and with cognitive tests being
predominantly Eurocentric in their approach, cul-
turally diverse populations may be at an increased
disadvantage.

There were mixed findings relating to the effect
of education across studies. Some findings reported
that adjusted cut-off scores to account for education
were helpful in improving diagnostic accuracy [40],
whereas other reported no difference when scores
were adjusted for the same test [47]. However, it
appeared that higher performance on some tests (such
as the MMSE) were significantly associated with
years of education, and this seems to be mediated
by the Historical Index of Human Development of
the participants’ country of birth (which reflects eco-
nomic, health, and educational potential of a country
at the time of birth) [8]. In addition, the quality of
the cultural adaptation of the cognitive tests plays a
role. Namely, the test should not only account for the
language and culture of the person being assessed
but should also maintain the integrity of the concepts
being assessed [55]. It is necessary to bear in mind
that some tests will be more influenced by educa-
tion than others (e.g., MMSE versus RUDAS) due to
the construct of the tests and certain items that may
be more problematic for diverse populations such as
verbal fluency tasks in those with lower levels of
literacy.

Cognitive tests which involved minimal language
requirements were more acceptable in those from
a non-English speaking and/or non-Western country
and demonstrated good levels of sensitivity and speci-
ficity. Tests including the CDT [44] and the mVAT
[10] demonstrated promising results in differentiating
between those with either dementia or MCI and con-
trol groups. Higher scores on the mVAT were thought
to be associated with the added information that the

colored photograph provided, as opposed to decod-
ing black and white line drawings which is thought
to be a skill acquired through education [56]. This
is important to note, as many cognitive screening
tests use visuo-constructional tasks (e.g., the copying
of geometric shapes as seen in the ACE) which are
reportedly the least culturally adapted items in cog-
nitive screening tests as it is thought that visuospatial
ability is not strongly associated with culture [21].
However, the results from Franzen et al. (2019) did
not seem to be consistent with this theory [10].

One of the limitations of this study is the lack
of more detailed information about the accultura-
tion variables we have analyzed. Thus, although the
educational level (i.e., formal level of education)
was noted in all studies, there was neither explicit
information about the language ability nor social
values of participants in the analyzed studies. Fur-
thermore, the reviewed literature does not specify
the model of acculturation they have used, or partic-
ipants’ acculturation groups/stages. Studies largely
concentrated on the separation stage/approach (high
origin-culture affiliation, with low new-culture affili-
ation), based on the account the language proficiency
is necessary for completion of cognitive testing. A
previous study conducted in the USA [57] specifically
addressed and investigated the relationship between
language and acculturation and identified specific rel-
evant variables. However, according to these authors,
these acculturation variables were only applicable
to foreign-born individuals and/or those who spoke
English as a second language. In their empirical study,
Brauer Boone et al. (2007) [57] extracted the follow-
ing language and acculturation data from the patient
files: 1) whether subjects learned English as a first
language (or concurrent with another language) ver-
sus English learned as a second language (ESL); 2)
age at which English was first learned; 3) number of
years resided in the United States (subtracted from
total age); and finally, 4) number of years educated
in the United States (subtracted from total years of
education completed). These data, sadly, were not
available for the migrant population in the studies we
included in this review to make comparison.

Despite some evidence which implies that higher
degrees of acculturation could positively impact test
performance [58], the findings from this review did
not come to the same conclusion. On the contrary, the
level of acculturation was not related to total scores
in one study [47]. However, this was the only study
within the review which formally assessed the impact
of acculturation using the Frankfurt Acculturation
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Scale (FRAKK) [59], and therefore warrants further
investigation. Furthermore, acculturation is said to
comprise of several variables (including language),
and bilingualism was reported to have had a positive
effect on test performance in some studies. There-
fore, it would be helpful to understand what aspects
of acculturation aid test performance.

The translation process aims to provide a means
of quality control to ensure the translation possesses
the same meaning when moved back to the origi-
nal source language [60]. The importance of a good
translation process can help increase the accuracy
of data derived from a translated measure. Out of
the six studies which adopted a backwards trans-
lation process, two involved medical professionals
including neurologists, psychologists, and psychia-
trists [33, 41] alongside linguistic experts. Involving
qualified professionals is ideal from a clinical and
psychometric perspective as a native speaker may
not necessarily have knowledge of cognitive tests and
this could result in an inaccurate translation or mis-
interpretation, leading to construct bias. The other
four studies used native linguists and/or bilinguals to
translate the studies. Three studies involved patients
and controls or caregivers to aid with the adapta-
tion and check for cultural appropriateness which
is helpful to increase face validity. Face validity is
defined as whether test items are appropriate and rel-
evant to a specific target population [61]. Therefore,
the target population themselves are said to be best
placed to determine the applicability of an adapted
test which could help to increase this [62]. A recent
study conducted in Maori (Maori; indigenous peoples
of Aotearoa New Zealand) stressed the importance of
cultural values to both improve the understanding of
dementia and inform the cognitive assessments for
those with dementia [63]. Interestingly, the authors
highlighted that for those without cognitive deficit,
a different framework is in place, arguing for more
indebt understanding of distinct cultural aspects of
physiological ageing and those related to dementia
that may help inform both design of novel and adap-
tation of already available cognitive tests.

To conclude, this review highlights the importance
of translating and culturally adapting tests that have
been developed in the Western context and stan-
dardized against Western normative data, as it may
improve diagnostic accuracy within diverse popu-
lations. Our review highlights consideration around
certain variables that clinicians should be mindful of
when interpreting individual test scores, including
education, linguistic ability, and aspects of accul-

turation. However, caution should be taken when
interpreting the findings of this review as data is var-
ied due to the broad selection of cognitive tests that
are included. This makes it difficult to compare sensi-
tivity and specificity data across different studies and
populations. Pooled sensitivity and specificity data
could provide a more comprehensive assessment of
the diagnostic accuracy across studies.
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