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Abstract

Background: Cognitive screeners are imperative for early diagnosis of dementia. The Visual Cognitive Assessment
Test (VCAT) is a language-neutral, visual-based test which has proven useful for a multilingual population in a
single-center study. However, its performance utility is unknown in a wider and more diverse Southeast Asian
cohort.

Methods: We recruited 164 healthy controls (HC) and 120 cognitively impaired (CI) subjects- 47 mild cognitive
impairment (MCI) and 73 mild Alzheimer’s disease (AD) dementia participants, from four countries between January
2015 and August 2016 to determine the usefulness of a single version of the VCAT, without translation or adaptation,
in a multinational, multilingual population. The VCAT was administered along with established cognitive evaluation.

Results: The VCAT, without local translation or adaptation, was effective in discriminating between HC and CI subjects
(MCI and mild AD dementia). Mean (SD) VCAT scores for HC and CI subjects were 22.48 (3.50) and 14.17 (5.05) respectively.
Areas under the curve for Montreal Cognitive Assessment (0.916, 95% CI 0.884–0.948) and the VCAT (0.905, 95% CI 0.870–0.
940) in discriminating between HCs and CIs were comparable. The multiple languages used to administer VCAT in four
countries did not significantly influence test scores.

Conclusions: The VCAT without the need for language translation or cultural adaptation showed satisfactory
discriminative ability and was effective in a multinational, multilingual Southeast Asian population.
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Background
Dementia prevalence is estimated to rise considerably
across Asia [1–3], as the elderly population is projected
to increase from the current 10% to 24% of the total
Asian population by 2050 [4–7]. This significant increase
in prevalence of dementia is of immediate medical and
social concern for Asian countries since cognitive
decline is often associated with loss of independent
function [8], loss of employment, and additional burden
to family members and the healthcare system [9–11].
The economic burden of dementia, estimated at US$73

billion annually [12], is a major public health concern,
especially for developing Asian countries. In the face of
this dementia epidemic, it is crucial that clinicians are
equipped with appropriate cognitive screening tools that
can effectively detect dementia at an early stage [13, 14].
Early detection would allow interventions to retard the
progression of dementia, more time for individuals and
families to cope with this devastating illness, and a
window for policy-makers to allocate much-needed
resources.
Cognitive screening tools have proven to be simple,

useful, and efficient in detecting early cognitive impair-
ment [15, 16]. However, the diversity of languages across
the world poses a significant barrier in using cognitive
screening tools in an effective and efficient manner. In
Asia, relatively lower education, lack of a common
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regional language, and existence of numerous dialects
pose a major obstacle in using cognitive screening tools
for the early diagnosis of dementia. Languages spoken in
Asia fall into many differing language families, including
Indo-European, Sino-Tibetian, and Austronesian with
varying writing systems [17]. Based on the writing
system classification of languages, Malay which is widely
used in Malaysia, Indonesia, and Singapore as well as
Tagalog which is widely used in the Philippines belong
to the alphabetic group. On the other hand, Mandarin
widely used in Singapore, Malaysia, and Indonesia
belongs to the logographic group [18]. Thus when cogni-
tive screening tools which were originally developed
using English, an alphabetic language, are translated to
logographic language, often new cognitive test items are
required to replace items that cannot be translated. As a
result, no universal screening tool can cater to the vast
variety of languages spoken throughout Asia. While
most cognitive screeners were designed for English
language speakers, translation and adaptation of these
tools into Asian languages, although useful, often result
in alteration of their original neuropsychological and
psychometric constructs. There is evidence to demon-
strate that when using cognitive screening tools that
have been modified or translated to meet local demands,
these tests often result in overdiagnosis of cognitive
impairment in non-English speakers [19]. Furthermore,
the lack of standardized cognitive screening tools across
Asian countries [20] will prevent meaningful cross-
cultural comparisons and poses major challenges when
conducting international clinical trials with cognition as
outcome measures [21].
The Visual Cognitive Assessment Test (VCAT) is a

visual-based cognitive screening tool designed to detect
early cognitive impairment [22]. It is language neutral
and encourages simple application to multilingual popu-
lations without the need for translation of test content.
The VCAT is a 30-point test that evaluates memory,
executive function, visuospatial function, attention, and
semantic knowledge. The test items for each cognitive
domain are visual based, with pictures and figures
selected from the International Picture Naming Project
and locally validated in older adults. Pictures that were
easily and accurately identified by the participants were
used to develop test items. The memory domain of the
VCAT includes immediate and delayed recall of a visual
scenario as well as recall of shapes and objects, while the
executive function items require patients to figure out
the mechanisms of gear rotation, recognizing patterns,
and categorization of pictures. The language domain
contains an item on category fluency and one on naming
of pictures. The visuospatial items test patients’ ability to
perform spatial reconstruction and grid navigation.
Lastly, the attention domain consists of a shape

cancellation task. The VCAT was recently demon-
strated to be useful in a multilingual population in a
single-center study [22], where the test’s diagnostic and
discriminative validities were compared against the Mini
Mental State Examination (MMSE) and Montreal
Cognitive Assessment (MoCA). Its performance super-
seded MMSE in detecting early cognitive impairment
and was comparable to MoCA with the added advantage
of just having a single version of the test as there is no
need to perform translation or adaptation. The area
under the curve (AUC) of the VCAT for detection of
cognitive impairment was 93.3 (95% CI 90.1–96.4). The
sensitivity and specificity of the VCAT for diagnosis of
cognitive impairment (MCI and mild AD) were 85.6%
and 81.1% respectively.
In this study we evaluated the performance of the VCAT

in a multinational, multicenter study in four linguistically
diverse Southeast Asia populations and investigated the
influence of different language families and writing
systems on test performance across healthy controls (HC)
and patients with cognitive impairment (CI).

Methods
Participants
This prospective, multicenter study was carried out across
Singapore, Malaysia, Indonesia, and the Philippines. A
total of 284 participants were recruited between January
2015 and August 2016. In all, 138 participants were
recruited in Singapore from the National Neuroscience
Institute Specialist Outpatient Memory Clinic and the
Singapore Longitudinal Aging Study, 67 participants were
recruited from the memory clinic of Hasan Sadikin
Hospital in Indonesia, 40 participants were recruited from
the Division of Geriatric Medicine, University of Malaya
in Malaysia, and 39 participants were recruited from
Asian Hospital & Medical Center and Manila East
Medical Center in the Philippines. Inclusion criteria
included subjects with mild dementia of the Alzheimer’s
disease (AD) type, mild cognitive impairment (MCI), and
healthy controls (HC). Diagnosis of dementia was based
on the DSM-IV TR criteria [23], and AD was based on
the NIA-AA criteria [24]. To ensure that only patients
with mild dementia are recruited, a Clinical Dementia
Rating (CDR) [25] score of 1 was required. MCI was diag-
nosed based on Petersen’s criteria [26]. Subjects were
required to have symptoms in one or more cognitive
domains, remain independent in all instrumental activities
of daily living, a MMSE score > 24, and a CDR score of
0.5. HC were required to have no cognitive symptoms, be
independent on all instrumental activities of daily living, a
MMSE score > 27, and a CDR of 0. Only participants aged
50 years and older with at least 6 years of education were
included in the study. From our previous experience, 6
years of education has been shown to be the minimum
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education required for subjects to be able to complete all
of the cognitive assessments required for this study.
Subjects with a Geriatric Depression Scale (GDS) score of
10 or more, suggestive of major depression, were also
excluded. Participants were then classified into either the
HC group or the CI group which consists of both the
MCI and mild AD subjects.
All participants were tested in a private and quiet

environment by trained raters. Ethical approval was
obtained from the Centralized Institutional Review
Board in Singapore, University Malaya Medical Center
Ethics Committee in Malaysia, Bandung Adventist
Hospital Institutional Review Board in Indonesia, and
Asian Hospital Institutional Review Board in the
Philippines. Informed consent was obtained from all
participants and all methods were performed in accord-
ance with the journal’s guidelines and regulations.

Cognitive assessments
During each interview, the participant’s basic demographic
information, including age, gender, race, years of educa-
tion, and employment status, were collected. The MMSE
[27], MoCA [28], VCAT [22], and GDS [29] were adminis-
tered to each participant. The MMSE, MoCA, and VCAT
were performed to assess global cognitive performance,
which includes memory, language, executive function,
visuospatial abilities, and attention. Locally validated and
translated versions of the MMSE and MoCA were used in
respective countries while a single version of the VCAT
(without translation or modification) was used across all
countries. These three scales have a score range from 0 to
30 points where lower scores indicate greater cognitive
impairment. In order to ensure the uniformity of adminis-
tration and accuracy in scoring of the newly introduced
VCAT, all local (Singapore) raters were trained face to face
while the overseas raters were trained through video
conferencing. From our previous work, we used a VCAT
cutoff score < 18 for detection of dementia and a VCAT
cutoff score < 22 for MCI [22]. Lastly, the GDS, with a
score range of 0–15 where a higher score reflects more
severe depression, was administered to assess for symp-
toms of depression.

Effect of language on the VCAT
To study the impact of language difference on the VCAT
and MoCA, participants were grouped based on two
systems of language classification. The first language
classification is the writing system, which includes two
subtypes, namely alphabetic and logographic. English,
Malay, and Tagalog are examples of the alphabetic
subtype, while Mandarin is an example of the logo-
graphic subtype. The second system is the language fam-
ily classification, which includes three subtypes, namely
Indo-European, Sino-Tibetian, and Austronesian. English

is an example of the Indo-European language, Mandarin
belongs to the Sino-Tibetan language, while Malay and
Tagalog are examples of the Austronesian languages.
Comparison was made among the different language
groups within each of the HC and CI groups.

Statistical analyses
Statistical analyses were performed using SPSS version 21.
Descriptives were presented for demographics and cogni-
tive data. Between-group comparisons were performed,
where chi-square test was used to compare categorical
variables, while Student’s t test or Wilcoxon–Mann–
Whitney test was used to compare continuous variables.
Further analyses using a general linear model (GLM) were
performed to adjust for confounding demographic
variables while setting diagnosis or language groups as the
outcome variable. Diagnostic performance was also
measured using the AUC. All statistical tests performed
were two-tailed and regarded as significant at p < 0.05.

Results
The total sample of 284 participants consisted of almost
the same distribution of males (51.4%) and females
(48.6%), mean age 67.93 ± 8.79, and was made up of 52.8%
Chinese, 27.1% Malays, 5.6% Indians, and 14.4% Filipinos
and other races. The majority of the participants were
retirees (66.5%) and the mean years of education was
11.51 ± 3.78.
There were 164 HC and 120 CI participants. Signifi-

cant group differences were identified in the demo-
graphic variable of age (p = 0.008) (Table 1). On GLM
analyses, after controlling for age, the two groups had
significant differences on the MoCA (25.52 ± 3.37 vs
16.59 ± 5.75, p < 0.001), total VCAT (22.48 ± 2.50 vs
14.17 ± 5.05, p < 0.001) score, and all individual VCAT
domain scores (Table 1). In all of the cognitive tests, the
HC scored higher than the CI participants. GDS was not
significantly different among the two groups.
For discriminating between HC and CI subjects, the

AUCs (95% CI) were 0.905 (0.870–0.940) for the total
VCAT score and 0.916 (0.884–0.948) for the MoCA
score (Fig. 1). For a VCAT cutoff score of 17 which is
indicative of cognitive impairment [21], sensitivity is
92.1% and specificity is 74.2%.

Receiver operating characteristic curves: areas under the
curves for discriminating between HC and CI subjects on
VCAT and MoCA scores
We studied language differences in the HC group and
the CI group independently to remove the influence of
disease on the MoCA and VCAT scores. Mean time to
complete the VCAT was 10.37 ± 3.70 in the HC group
and 13.88 ± 6.18 in the CI group. In the HC, based on
the language writing system of classification, 116 HC were
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placed into the alphabetic group and 48 HC into the
logographic group. Mean years of education (p < 0.001),
gender distribution (p = 0.005), and race (p < 0.001) were
significantly different between the two groups. On GLM
analyses which controlled for age, years of education, race,
and employment, the logographic group scored signifi-
cantly higher on the MoCA than the alphabetic group

(27.02 ± 2.82 vs 24.91 ± 3.40, p = 0.001) but no differences
were found for the total VCAT score (22.53 ± 3.53 vs
22.35 ± 3.47, p = 0.413) and all individual VCAT domain
scores (Table 2). The total VCAT score was comparable
between the two groups.
Similar results were also seen when the HC were

classified based on language family. On GLM analyses
while controlling for age, years of education, race, and
employment, MoCA scores (26.10 ± 2.76 vs 27.15 ± 2.77
vs 23.38 ± 3.50, p < 0.001) were different among the three
groups, with the Sino-Tibetan group scoring highest on
the MoCA followed by the Indo-European and then the
Austronesian group. However, no significant differences
were observed among the groups for the total
VCAT score (22.78 ± 3.34 vs 22.50 ± 3.37 vs 22.23 ±
3.79, p = 0.073) and its individual domain scores
(Table 2).
Among the CI subjects, 90 were classified into the

alphabetic group and 30 of them into the logographic
group. Years of education (p < 0.001), race (p < 0.001),
and employment status (p = 0.012) were significantly
different between the two groups. GLM analyses showed
that there were no differences between the alphabetic
and logographic group on the MoCA (15.98 ± 5.98 vs
18.43 ± 4.61, p = 0.306), total VCAT score (14.09 ± 5.27
vs 14.40 ± 4.38, p = 0.605), and VCAT individual domain
score of memory, language, executive function, and
attention (Table 3). However, for the classification based
on language family the CI subjects scored significantly
different on the MoCA (18.86 ± 4.85 vs 18.48 ± 4.69 vs
14.15 ± 5.94, p = 0.002) among the three different groups.
The Indo-European and Sino-Tibetan groups were quite
similar in their mean MoCA scores and both groups
scored better than the Austronesian group. No

Table 1 Demographic characteristic of HC and CI participants

HC (N = 164) CI (N = 120) p value
(univariate)

p value
(GLM)*

Age

Mean (SD) 66.88 (8.09) 69.38 (9.51) 0.008

Years of education

Mean (SD) 11.60 (3.75) 11.39 (3.84) 0.653

Gender

Male (%) 86 (52.4) 60 (50.0) 0.719

Race, N (%)

Chinese 93 (56.7) 57 (47.5)

Malay 38 (23.2) 39 (32.5)

Indian 11 (6.7) 5 (4.2)

Filipinos and others 22 (13.4) 19 (15.8) 0.220

Employment, N (%)

Unemployed 23 (14.0) 9 (7.5)

Employed 36 (22.0) 26 (21.7)

Retired 104 (63.4) 85 (70.8) 0.203

Language administered, N (%)

English 63 (38.4) 35 (29.2)

Mandarin 46 (28.0) 27 (22.5)

Malay 19 (11.6) 20 (16.7)

Others 36 (22.0) 38 (31.7) 0.095

MoCA

Mean (SD) 25.52 (3.37) 16.59 (5.75) <0.001 < 0.001

VCAT memory

Mean (SD) 10.54 (1.83) 5.90 (3.39) < 0.001 < 0.001

VCAT language

Mean (SD) 4.07 (0.80) 3.06 (1.13) < 0.001 < 0.001

VCAT visuospatial

Mean (SD) 2.28 (0.56) 1.92 (0.74) < 0.001 < 0.001

VCAT executive function

Mean (SD) 4.04 (1.66) 2.81 (1.56) < 0.001 < 0.001

VCAT attention

Mean (SD) 1.55 (1.35) 0.50 (0.99) < 0.001 < 0.001

VCAT total

Mean (SD) 22.48 (3.50) 14.17 (5.05) < 0.001 < 0.001

HC healthy controls, CI cognitive impairment, GLM general linear model, SD
standard deviation, MoCA Montreal Cognitive Assessment, VCAT Visual
Cognitive Assessment Test
*GLM adjusted for age

Fig. 1 Receiver operating characteristic curves: area under the curve
(AUC) for discriminating between HC and CI subjects on VCAT and
MoCA scores. MoCA Montreal Cognitive Assessment, VCAT Visual
Cognitive Assessment Test
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differences were found for the total VCAT score (14.91
± 5.54 vs 14.41 ± 4.35 vs 13.56 ± 5.07, p = 0.275) and all
of its individual domain scores except for visuospatial
domain scores (Table 3).

Discussion
This study investigated the performance of the VCAT in a
multinational, multilingual Southeast Asian cohort across
HC and CI participants. The overall discriminative ability
was comparable between the VCAT and the MoCA where
the AUCs for MoCA and total VCAT were similar in

discriminating between HC vs CI participants. The effect
of language differences on the VCAT and MoCA was also
explored in the study, where participants were classified
into groups based on both writing system and language
family. In contrast to the distinct language differences in
responses to MoCA, a lack of between-group differ-
ences that were observed on the VCAT scores sug-
gests that the VCAT is less likely to be influenced by
language of administration, and hence will not require
translation to the multiple languages spoken across
Southeast Asia.

Table 2 Demographics, MoCA, and VCAT scores for healthy controls based on language classifications

Writing system classification Language family classification

Alphabetic
(N = 116)

Logographic
(N = 48)

p value
(univariate)

p value
(GLM)*

Indo-European
(N = 63)

Sino-Tibetan
(N = 46)

Austronesian
(N = 52)

p value
(univariate)

p value
(GLM)**

Age

Mean (SD) 66.10 (8.39) 68.75 (7.05) 0.520 68.90 (7.39) 68.70 (7.09) 62.79 (8.43) < 0.001

Years of education

Mean (SD) 12.61 (3.69) 9.13 (2.58) 0.000 12.49 (3.33) 9.09 (2.59) 12.88 (4.02) < 0.001

Gender

Male (%) 69 (59.5) 17 (35.4) 0.005 36 (57.1) 16 (34.8) 32 (61.5) 0.642

Race, N (%)

Chinese 46 (39.7) 47 (97.9) 45 (71.4) 46 (100.0) 0 (0.0)

Malay 38 (32.8) 0 (0.0) 2 (3.2) 0 (0.0) 36 (69.2)

Indian 10 (8.6) 1 (2.1) 10 (15.9) 0 (0.0) 0 (0.0)

Filipinos and others 22 (19.0) 0 (0.0) 0.000 6 (9.5) 0 (0.0) 16 (30.8) < 0.001

Employment, N (%)

Unemployed 15 (12.9) 8 (16.7) 7 (11.1) 8 (17.4) 8 (15.4)

Employed 28 (24.1) 8 (16.7) 3 (4.8) 8 (17.4) 25 (48.1)

Retired 73 (62.9) 31 (64.6) 0.546 53 (84.1) 29 (63.0) 19 (36.5) 0.001

MoCA

Mean (SD) 24.91 (3.40) 27.02 (2.82) < 0.001 0.001 26.10 (2.76) 27.15 (2.77) 23.38 (3.50) < 0.001 < 0.001a,b,c

VCAT memory

Mean (SD) 10.41 (1.76) 10.85 (1.98) 0.073 0.130 10.52 (1.67) 10.89 (1.97) 10.33 (1.82) 0.173 0.051b

VCAT language

Mean (SD) 4.10 (0.77) 4.00 (0.85) 0.539 0.909 4.13 (0.77) 4.00 (0.87) 4.10 (0.77) 0.801 0.423

VCAT visuospatial

Mean (SD) 2.24 (0.57) 2.38 (0.53) 0.188 0.340 2.27 (0.48) 2.39 (0.54) 2.19 (0.66) 0.285 0.480

VCAT executive function

Mean (SD) 4.22 (1.70) 3.63 (1.48) 0.24 0.710 4.40 (1.65) 3.65 (1.45) 3.96 (1.74) 0.043 0.270

VCAT attention

Mean (SD) 1.58 (1.35) 1.50 (1.38) 0.704 0.805 1.46 (1.35) 1.57 (1.38) 1.69 (1.34) 0.661 0.709

VCAT total

Mean (SD) 22.53 (3.53) 22.35 (3.47) 0.794 0.413 22.78 (3.34) 22.50 (3.37) 22.23 (3.79) 0.730 0.071b

MoCA Montreal Cognitive Assessment, VCAT Visual Cognitive Assessment Test, GLM general linear model, SD standard deviation
*GLM adjusted for years of education, gender, and race
**GLM adjusted for age, years of education, race, and employment
Pairwise comparison between the language family groups (post-hoc contrast test): adifference between Indo-European and Sino-Tibetan; bdifference between
Sino-Tibetan and Austronesian; cdifference between Indo-European and Austronesian
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As shown in our previous study and in this present
study, as a cognitive screening tool the VCAT shows
satisfactory discriminative validity in differentiating
between CI participants from HCs. A low score on the
VCAT helps clinicians to accurately identify patients
with cognitive impairment who would require further
investigations. Therefore, the VCAT may improve the
early identification and detection of cognitive
impairment.
Based on the language classification, despite using

translated and validated versions of the MoCA in

different language groups, it appears that the language of
test administration continues to influence the MoCA
scores. Thus a participant scoring 21 on the English
MoCA might not necessarily be experiencing the same
level of cognitive impairment as a participant who
scored 21 on the Malay or Tagalog MoCA. Previous
studies investigating the modified MMSE also showed
such differences in performance between English and
French speakers and observed that the rates of diagnosis
for dementia were different between the two language
groups [30, 31]. This could be attributable to the

Table 3 Demographics, MoCA, and VCAT scores for cognitively impaired participants based on language classifications

Writing system classification

Alphabetic
(N = 90)

Logographic
(N = 30)

p value
(univariate)

p value
(GLM)*

Indo-European
(N = 35)

Sino-Tibetan
(N = 27)

Austronesian
(N = 55)

p value
(univariate)

p value
(GLM)**

Age

Mean (SD) 68.78 (9.54) 71.17 (9.37) 0.225 73.69 (7.90) 70.26 (9.36) 65.65 (9.22) < 0.001

Years of education

Mean (SD) 12.06 (3.49) 9.47 (4.22) 0.000 11.82 (3.23) 9.26 (4.26) 12.21 (3.67) 0.001

Gender

Male (%) 45 (50.0) 15 (50.0) 0.583 16 (45.7) 14 (51.9) 29 (52.7) 0.852

Race, N (%)

Chinese 27 (30.0) 30 (100.0) 27 (77.1) 27 (100.0) 0 (0.0)

Malay 39 (43.3) 0 (0.0) 1 (2.9) 0 (0.0) 38 (69.1)

Indian 5 (5.6) 0 (0.0) 5 (14.3) 0 (0.0) 0 (0.0)

Filipinos and others 19 (21.1) 0 (0.0) 0.000 2 (5.7) 0 (0.0) 17 (30.9) < 0.001

Employment, N (%)

Unemployed 5 (5.6) 4 (13.3) 2 (5.7) 4 (14.8) 3 (5.5)

Employed 25 (27.8) 1 (3.3) 3 (8.6) 1 (3.7) 22 (40.0)

Retired 60 (66.7) 25 (83.3) 0.012 30 (85.7) 22 (81.5) 30 (54.5) 0.001

MoCA

Mean (SD) 15.98 (5.98) 18.43 (4.61) 0.064 0.306 18.86 (4.85) 18.48 (4.69) 14.15 (5.94) < 0.001 0.002a,b,c

VCAT memory

Mean (SD) 5.96 (3.39) 5.73 (3.46) 0.738 0.927 6.11 (3.39) 5.63 (3.42) 5.85 (3.41) 0.823 0.756

VCAT language

Mean (SD) 3.06 (1.12) 3.07 (1.20) 0.914 0.395 3.17 (0.99) 3.04 (1.22) 2.98 (1.19) 0.863 0.210

VCAT visuospatial

Mean (SD) 1.82 (0.80) 2.20 (0.41) 0.022 0.004 1.77 (0.84) 2.22 (0.42) 1.85 (0.78) 0.059 0.006a

VCAT executive function

Mean (SD) 2.74 (1.62) 3.00 (1.37) 0.315 0.476 3.14 (1.75) 3.07 (1.41) 2.49 (1.49) 0.091 0.099

VCAT attention

Mean (SD) 0.53 (1.03) 0.40 (0.86) 0.652 0.198 0.71 (1.27) 0.44 (0.89) 0.42 (0.83) 0.488 0.369

VCAT total

Mean (SD) 14.09 (5.27) 14.40 (4.38) 0.764 0.605 14.91 (5.54) 14.41 (4.35) 13.56 (5.07) 0.005 0.275

MoCA Montreal Cognitive Assessment, VCAT Visual Cognitive Assessment Test, GLM general linear model, SD standard deviation
*GLM adjusted for years of education, race, and employment
**GLM adjusted for age, years of education, race, and employment
Pairwise comparison between the language family groups (post-hoc contrast test): adifference between Indo-European and Sino-Tibetan; bdifference between
Sino-Tibetan and Austronesian; cdifference between Indo-European and Austronesian
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translation and adaptation process of the original test
version, which gave rise to test items that varied in diffi-
culty, discrimination, and psychometric properties across
different language groups [32]. This large variability in
test performance poses a challenge for clinicians and
researchers across Southeast Asia. Having differing test
scores for well-defined cognitive disorders would result
in clinicians being unable to compare treatment
responses across Southeast Asian countries. From a
research perspective, correlation of cognitive perform-
ance to biomarker studies and performing multicenter
clinical trials with cognitive outcomes would therefore
be not feasible in Southeast Asia.
On the contrary, the VCAT did not show any signifi-

cant group differences in both the writing system and
language family classification group comparisons. The
VCAT scores were stable between the logographic and
alphabet group and among the Indo-European, Sino-
Tibetian, and Austronesian groups. This could be attrib-
utable to the fact that the VCAT does not require any
translation and furthermore the test items were
constructed such that the language of administration
does not influence test item scores. As such, all of the
test items were kept constant regardless of the language
administered. This allowed for the standardization of
test difficulty and retention of its original intended
neuropsychological constructs. The total VCAT score
and domains of memory, language, executive function,
and attention were not significantly different between
language classification groups in both HC and CI sub-
jects. However, visuospatial scores, while not
significantly different among language groups in the
HC group, there was a significant difference among CI
subjects. While the reason for this is not entirely clear,
one explanation is that instructions to evaluate visuo-
spatial domain require lengthy explanation and hence
among CI subjects, where there may be some impair-
ment in language ability, language differences continue
to impact visuospatial test scores.
Other than the VCAT, there have been several tests,

including the Eurotest, Phototest, and Memory Alter-
ation Test, designed to overcome the influence of educa-
tion and culture in screening for dementia [33–35]. The
Eurotest was designed to assess one’s cognition by evalu-
ation of subject’s ability to handle money, and has been
demonstrated to be effective for subjects who have low
levels of education and those who are illiterate. Likewise,
the Phototest, which is a short and simple paradigm that
employs identification of pictures, has also been shown
to be useful for detecting cognitive impairment among
subjects who are illiterate.
The strength of this study is the inclusion of partici-

pants from four different countries, allowing for the
investigation of the effect of factors such as race,

language, and cultural background on the accuracy of
the VCAT. However, limitations in this study should also
be acknowledged. Firstly, this study only included partic-
ipants from Asian countries and has a relatively small
sample size. As such, the results may not be
generalizable to non-Asian populations. Future studies
should include a larger sample size, longitudinal cohorts,
and non-Asian populations. Furthermore, only the
MoCA was included as a comparison in a parallel
evaluation to investigate the diagnostic ability of the
VCAT. To further assess the performance and reliability
of the individual domains of the VCAT, future research
should include other domain-specific neuropsychological
assessments in a multilingual population. As the subjects
in this study had a minimum education of 6 years, the
usefulness of the VCAT in cohorts with lower education
levels warrants further evaluation. However, by compar-
ing the performance of the MoCA to the VCAT, we
showed importantly that whereas the MoCA is language
dependent, the VCAT is not. We also acknowledge the
lack of inter-rater reliability and test–retest reliability
data of the VCAT in non-English languages, which we
hope to address in the near future. While we demon-
strated that the VCAT is useful for the diagnosis of
cognitive impairment of the AD type, the inherent
language-free nature of the test items together with the
visual nature of the test would render the VCAT less
useful for the diagnosis of frontotemporal dementia or
AD of the posterior cortical atrophy variant, or for
patients with significant visual impairment.

Conclusions
This study demonstrates that the VCAT is useful in a
multinational, multiethnic and multilingual Southeast
Asian population. The test will be an effective tool in help-
ing clinicians differentiate HC and CI patients, with lower
scores on the VCAT being associated with more severe
cognitive impairment. Furthermore, in regions where pop-
ulations are culturally and linguistically diverse, such as in
Southeast Asia, screening tests such as the VCAT tran-
scend language differences and hence will be an effective
tool that encourages accurate detection of cognitive
impairment. Similarly, international clinical trials which
involve participants from different language-speaking
nations would find a single standardized version of the
VCAT to be useful in making meaningful cross-cultural
comparisons. Having a standardized tool that can be used
uniformly across different populations to guide diagnosis
can also potentially aid epidemiological studies to repre-
sent the distribution and determinants of worldwide
dementia prevalence more precisely.

Abbreviations
AD: Alzheimer’s disease; AUC: Area under the curve; CDR: Clinical Dementia
Rating; CI: Cognitive impairment; GDS: Geriatric Depression Scale;

Lim et al. Alzheimer's Research & Therapy  (2018) 10:6 Page 7 of 9



GLM: General linear model; HC: Healthy control; MCI: Mild cognitive
impairment; MMSE: Mini Mental State Examination; MoCA: Montreal
Cognitive Assessment; VCAT: Visual Cognitive Assessment Test

Acknowledgements
The authors would like to thank Linda Lim, Esther Chua, Tanya Choong, Nyu
Mei Mei, Eveline Silva, Angeline Zhang, Yong Ting Ting, Ma Shwe Zin Nyunt,
Audrey Ling, Gwee Xinyi, Nasyita Binte Mashuni, and Susan Hin-Hiang from
Singapore, Wong Kah Yan, Roshaslina Rosli, and Nor Izzati Saedon from
Malaysia, Febby Rosa and Novita Purnamasari from Indonesia, and Maria
Corazon Fernandez and Minnie Joy Tumagan from the Philippines for their
assistance in the collection of demographics data and administration of the
cognitive tests.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
LL and NK had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the analysis.
The datasets generated during and/or analyzed during the current study are
not publicly available but are available from the corresponding author on
reasonable request.

Authors’ contributions
LL contributed to the study design, statistical analysis, interpretation of the data,
and drafting of the manuscript. NTP, APO, TMP, ARC, GQ, and AN contributed
to the study design and revising the manuscript for intellectual content. NK
contributed to the study design, statistical analysis, interpretation of the data,
drafting of the manuscript, and revising the manuscript for intellectual content.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethical approval was obtained from the respective hospital’s ethics
committees. Ethical approval was approved by the Centralized Institutional
Review Board in Singapore, UMMC Medical Ethics Committee in Malaysia,
Ethics Committee of Bandung Adventist Hospital in Indonesia, and Ethics
Committee of Asian Hospital and Medical Center in Philippines. Informed
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Neurology, National Neuroscience Institute, Singapore,
Singapore. 2Gerontology Research Programme, Department of Psychological
Medicine, National University Health System, Yong Loo Lin School of
Medicine National University of Singapore, Singapore, Singapore. 3Faculty of
Medicine, Department of Neurology, Hasan Sadikin Hospital, Padjadjaran
University, Kota Bandung, Jawa Barat, Indonesia. 4Department of Medicine,
Faculty of Medicine, University of Malaya, Jalan Universiti, Kuala Lumpur,
Malaysia. 5Department of Neurosciences, Philippine General Hospital,
University of the Philippines, Manila, Philippines. 6Department of
Neurosciences, Asian Hospital and Medical Center, Manila, Philippines.
7Duke-NUS, Graduate Medical School, Singapore, Singapore.

Received: 1 August 2017 Accepted: 18 December 2017

References
1. Catindig JA, Venketasubramanian N, Ikram MK, Chen C. Epidemiology of

dementia in Asia: insights on prevalence, trends and novel risk factors.
J Neurol Sci. 2012;321:11–6.

2. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global
prevalence of dementia: a systematic review and metaanalysis. Alzheimers
Dement. 2013;9:63–75.

3. Wimo A, Winblad B, Aguero-Torres H, von Strauss E. The magnitude of
dementia occurrence in the world. Alzheimer Dis Assoc Disord. 2003;17:63–7.

4. Population Division of the Department of Economics and Social Affairs of
the United Nations Secretariat. World population prospects: the 2008
revision. 2008. http://www.un.org/esa/population/publications/wpp2008/
wpp2008_highlights.pdf. Accessed 27 Nov 2016.

5. Hilal S, Ikram MK, Saini M, Tan CS, Catindig JA, Dong YH, Lim LB, Ting EY,
Koo EH, Cheung CY, Qiu A, Wong TY, Chen CL, Venketasubramanian N.
Prevalence of cognitive impairment in Chinese: epidemiology of dementia
in Singapore study. J Neurol Neurosurg Psychiatry. 2013;84:686–92.
https://doi.org/10.1136/jnnp-2012-304080.

6. Sofi F, Valecchi D, Bacci D, Abbate R, Gensini GF, Casini A, Macchi C. Physical
activity and risk of cognitive decline: a meta‐analysis of prospective studies.
J Intern Med. 2011;269:107–17.

7. Ikeda M, Fukuhara R, Shigenobu K, Hokoishi K, Maki N, Nebu A, Komori K,
Tanabe H. Dementia associated mental and behavioural disturbances in
elderly people in the community: findings from the first Nakayama study.
J Neurol Neurosurg Psychiatry. 2004;75:146–8.

8. Njegovan V, Man-Son-Hing M, Mitchell SL, Molnar FJ. The hierarchy of
functional loss associated with cognitive decline in older persons.
J Gerontol A Biol Sci Med Sci. 2001;56:M638–43.

9. Wimo A, Jönsson L, Bond J, Prince M, Winblad B, International AD. The
worldwide economic impact of dementia 2010. Alzheimers Dement. 2013;9:1–11.

10. Aggarwal NT, Tripathi M, Dodge HH, Alladi S, Anstey KJ. Trends in
Alzheimer’s disease and dementia in the Asian-Pacific region. Int J
Alzheimers Dis. 2012. http://dx.doi.org/10.1155/2012/171327.

11. Comas-Herrera A, Northey S, Wittenberg R, Knapp M, Bhattacharyya S, Burns
A. Future costs of dementia-related long-term care: exploring future
scenarios. Int Psychogeriatr. 2011;23:20–30.

12. Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D, Hall K, Luchsinger
JA, Ogunniyi A, Perry EK, Potocnik F, Prince M. Alzheimer's disease and
vascular dementia in developing countries: prevalence, management, and
risk factors. Lancet Neurol. 2008;7:812–26.

13. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild
cognitive impairment: clinical characterization and outcome. Arch Neurol.
1999;56:303–8.

14. Zheng L, Teng EL, Varma R, Mack WJ, Mungas D, Lu PH, Chui HC.
Chinese-language Montreal Cognitive Assessment for Cantonese or
Mandarin speakers: age, education, and gender effects. Int J Alzheimers Dis.
2012. https://doi.org/10.1155/2012/204623.

15. Velayudhan L, Ryu SH, Raczek M, Philpot M, Lindesay J, Critchfield M,
Livingston G. Review of brief cognitive tests for patients with suspected
dementia. Int Psychogeriatr. 2014;26:1247–62.

16. Borson S, Frank L, Bayley PJ, Boustani M, Dean M, Lin PJ, McCarten JR,
Morris JC, Salmon DP, Schmitt FA, Stefanacci RG. Improving dementia care:
the role of screening and detection of cognitive impairment. Alzheimers
Dement. 2013;9:151–9.

17. Comrie B, editor. The world's major languages. London: Routledge; 2009.
18. Ager S. Writing systems and languages of the world. 2017. www.omniglot.com.

Accessed 27 Nov 2017.
19. Siedlecki KL, Manly JJ, Brickman AM, Schupf N, Tang MX, Stern Y. Do

neuropsychological tests have the same meaning in Spanish speakers as
they do in English speakers? Neuropsychology. 2010;24:402–11.

20. Rosli R, Tan MP, Gray WK, Subramanian P, Chin AV. Cognitive assessment
tools in Asia: a systematic review. Int Psychogeriatr. 2016;28:189–210.

21. Jacobs DM, Sano M, Albert S, Schofield P, Dooneief G, Stern Y. Cross-cultural
neuropsychological assessment: a comparison of randomly selected,
demographically matched cohorts of English-and Spanish-speaking older
adults. J Clin Exp Neuropsychol. 1997;19:331–9.

22. Kandiah N, Zhang A, Bautista DC, Silva E, Ting SK, Ng A, Assam P. Early
detection of dementia in multilingual populations: Visual Cognitive
Assessment Test (VCAT). J Neurol Neurosurg Psychiatry. 2016;87:156–60.
https://doi.org/10.1136/jnnp-2014-309647.

23. American Psychiatric Association, American Psychiatric Association.
DSM-IV-TR: Diagnostic and statistical manual of mental disorders, text
revision. Washington, DC: American Psychiatric Association; 2000.

24. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring
rules. Neurology. 1993;43:2414–4.

Lim et al. Alzheimer's Research & Therapy  (2018) 10:6 Page 8 of 9

http://www.un.org/esa/population/publications/wpp2008/wpp2008_highlights.pdf
http://www.un.org/esa/population/publications/wpp2008/wpp2008_highlights.pdf
https://doi.org/10.1136/jnnp-2012-304080
http://dx.doi.org/10.1155/2012/171327
https://doi.org/10.1155/2012/204623
http://www.omniglot.com/
https://doi.org/10.1136/jnnp-2014-309647


25. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH,
Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC. The diagnosis of
dementia due to Alzheimer’s disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer's disease. Alzheimers Dement. 2011;7:263–9.

26. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A,
Holtzman DM, Jagust WJ, Petersen RC, Snyder PJ. The diagnosis of mild
cognitive impairment due to Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer's disease. Alzheimers Dement. 2011;7:270–9.

27. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12:189–98.

28. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, Cummings JL, Chertkow H. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J Am
Geriatr Soc. 2005;53:695–9.

29. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1983;17:37–49.

30. Bravo G, Hébert R. Reliability of the Modified Mini-Mental State Examination
in the context of a two-phase community prevalence study.
Neuroepidemiology. 1997;16:141–8.

31. Tuokko H, Kristjansson E, Miller J. Neuropsychological detection of dementia:
an overview of the neuropsychological component of the Canadian Study of
Health and Aging. J Clin Exp Neuropsychol. 1995;17:352–73.

32. Bender HA, Garcia AM, Barr WB. An interdisciplinary approach to
neuropsychological test construction: perspectives from translation studies.
J Int Neuropsychol Soc. 2010;16:227–32.

33. Carnero-Pardo C, Gurpegui M, Sanchez-Cantalejo E, Frank A, Mola S,
Barquero MS, Montoro-Rios MT. Diagnostic accuracy of the Eurotest for
dementia: a naturalistic, multicenter phase II study. BMC Neurol. 2006;6.
https://doi.org/10.1186/1471-2377-6-15.

34. Carnero-Pardo C, Espejo-Martinez B, Lopez-Alcalde S, Espinosa-Garcia M,
Saez-Zea C, Vilchez-Carrillo R, Hernandez-Torres E, Navarro-Espigares JL.
Effectiveness and costs of phototest in dementia and cognitive impairment
screening. BMC Neurol. 2011;11. https://doi.org/10.1186/1471-2377-11-92.

35. Rami L, Bosch B, Sanchez-Valle R, Molinuevo JL. The memory alteration
test (M@ T) discriminates between subjective memory complaints, mild
cognitive impairment and Alzheimer's disease. Arch Gerontol Geriatr.
2010;50:171–4.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Lim et al. Alzheimer's Research & Therapy  (2018) 10:6 Page 9 of 9

https://doi.org/10.1186/1471-2377-6-15
https://doi.org/10.1186/1471-2377-11-92

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Cognitive assessments
	Effect of language on the VCAT
	Statistical analyses

	Results
	Receiver operating characteristic curves: areas under the curves for discriminating between HC and CI subjects on VCAT and MoCA scores

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

