l psych

Article

Validation of the Visual Cognitive Assessment Test (VCAT) for
the Early Diagnosis of Cognitive Impairment in Multilingual
Population in Malaysia

Li Yun Ng 1'*, Chen Joo Chin 1, Monica Danial !, Stephenie Ann Albart 1, Purnima Devi Suppiah 10,

Kurubaran Ganasegeran !

, Wei Theng Tan 1, Hung Eun Hoo !, Ewe Eow Teh 2, Gaaitheri Karupiah 2,

Laavanya Vijaya Kumar 2, Wen Mei Choong 2, Hooi Ling Tan 2, Szer Lik Yeap 2, Al-Zilal Abdul Wahid ?,

Khian Boon Ng 2, Mohammad Nabhan Khalil ?, Esther G. Ebenezer 3, Basanta Kumar Mohanty 3, Helvinder Kaur 3,
Xin Hui Choo 3, Wee Kooi Cheah %5, Sreevali Muthuvadivelu °>, Prema Muninathan >, Hoon Lang Teh ¢,

Chiann Ni Thiam ¢, Jia Hui Loh ¢, Alan Swee Hock Ch'ng 17, Nagaendran Kandiah ®° and Irene Looi 17

check for
updates

Citation: Ng, L.Y.; Chin, C.J.;

Danial, M.; Albart, S.A.; Suppiah, P.D.;
Ganasegeran, K.; Tan, W.T.; Hoo, HE,;
Teh, E.E.; Karupiah, G.; et al.
Validation of the Visual Cognitive
Assessment Test (VCAT) for the Early
Diagnosis of Cognitive Impairment
in Multilingual Population in
Malaysia. Psych 2022, 4, 38—48.
https://doi.org/10.3390/
psych4010003

Received: 27 October 2021
Accepted: 14 December 2021
Published: 1 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Clinical Research Centre, Hospital Seberang Jaya, Ministry of Health Malaysia, Seberang Jaya 13700, Malaysia;

chenjoo_84@yahoo.com (C.J.C.); monicadanial83@gmail.com (M.D.); annstephenie27@gmail.com (S.A.A.);
purnima.crc@gmail.com (P.D.S.); medkuru@yahoo.com (K.G.); w.tan2@nuigalway.ie (W.T.T.);
hungeunll@gmail.com (H.E.H.); alanchng@yahoo.com (A.S.H.C.); looiirene@moh.gov.my (LL.)
Psychiatric Department, Hospital Pulau Pinang, Ministry of Health Malaysia, George Town 10990, Malaysia;
eeteh2000@yahoo.com (E.E.T.); gaai3_pg@hotmail.com (G.K.); vlaavanya@gmail.com (L.V.K.);
wmchoong89@hotmail.com (W.M.C.); mariney88@hotmail.com (H.L.T.); szerlik@gmail.com (S.L.Y.);
zeals01l@gmail.com (A.-Z.A.W.); khianboon_ng@yahoo.com (K.B.N.); khalilnabhan@yahoo.com (M.N.K.)
Faculty of Medicine, University Kuala Lumpur Royal College of Medicine Perak, Ipoh 31350, Malaysia;
esthergunamy@yahoo.com (E.G.E.); basanta@unikl.edu.my (B.K.M.); helvinprincess@yahoo.com (H.K.);
xinhui93@gmail.com (X.H.C.)

Medical Department, Hospital Taiping, Ministry of Health Malaysia, Taiping 34000, Malaysia;
wkcheah@moh.gov.my

Clinical Research Centre, Hospital Taiping, Ministry of Health Malaysia, Taiping 34000, Malaysia;
Shree0279@yahoo.com (5.M.); prema.crc@gmail.com (P.M.)

6 Medical Department, Hospital Sultanah Bahiyah, Ministry of Health Malaysia, Alor Setar 05460, Malaysia;
hoonlang@yahoo.com (H.L.T.); chiann_ni@hotmail.com (C.N.T.); 6rjhloh@gmail.com (J.H.L.)

Medical Department, Hospital Seberang Jaya, Ministry of Health Malaysia, Seberang Jaya 13700, Malaysia
Department of Neurology, National Neuroscience Institute, Singapore 308433, Singapore;
nagaendran.kandiah@singhealth.com.sg

9 Duke—NUS Graduate Medical School, Singapore 169857, Singapore

*  Correspondence: ngliyun@yahoo.com

Abstract: As Malaysia undergoes a demographic transformation of population aging, the prevalence
of dementia is expected to rise, posing a major public health threat issue. Early screening to detect
cognitive impairment is important to implement appropriate clinical interventions. The Visual
Cognitive Assessment Test (VCAT) is a language-neutral cognitive assessment screening tool suitable
for multilingual populations. This study was aimed to validate the VCAT screening tool for the
detection of cognitive impairment amongst the population of Malaysia. A total of 184 participants
were recruited, comprising 79 cognitively healthy participants (CHP), 46 mild cognitive impairment
(MCI) patients, and 59 mild dementia (Alzheimer’s disease and Vascular Dementia) patients from
five hospitals between May 2018 and December 2019 to determine the usefulness of VCAT. Diagnostic
performance was assessed using area under the curve (AUC), and receiver operating characteristic
(ROC) analysies was performed to determine the recommended cutoff scores. ROC analyses for
the VCAT was comparable with that of MoCA (Montreal Cognitive Assessment) in differentiating
between CHP, MCI, and mild dementia (AD and VaD) participants. The findings of this study
suggest the following optimal cutoff score for VCAT: Dementia 0-19, MCI 20-23, Normal 24-30.
The mean & SD time to complete the VCAT was 10.0 £ 2.75 min in the CHP group and 15.4 £ 4.52 min
in the CI group. Results showed that 76.0% of subjects thought that the instructions in VCAT were
similar or easier to understand compared with MoCA. This study showed that the VCAT is a valid
and useful screening tool for patients with cognitive impairment in Malaysia and is feasible to be
used in the clinical settings.
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1. Introduction

Worldwide, over 46 million people are living with dementia and the number is esti-
mated to increase to reach approximately 131.5 million people by 2050. Dementia has a huge
economic impact, whereby the total estimated worldwide cost is USD $818 billion [1].
In Malaysia, the prevalence of dementia was 123,000 people in 2015. This number is
projected to be double to about 261,000 people by 2030 and will continue to increase to
590,000 people by 2050 [2]. An urban community study done in Kuala Lumpur among the
older Malay people revealed that the prevalence of dementia was 6% [3]. The disability
weight of dementia was higher than many other health conditions, and its burdens on
health services, community, and institutional care are substantial. Diagnosing dementia at
an early stage is essential to establish effective medical interventions and social support
networks [4]. Ultimately, the early diagnosis of cognitive impairment can reduce healthcare
costs and dementia care burden for patients, caregivers, and the health system [2,5-8].

The ethnic composition of Malaysians is composed of 69.3% Bumiputera (Malays
and other indigenous group), 22.8% Chinese, 6.9% Indians, and 1.0% other ethnicities [9].
Apart from Bahasa Melayu being the national language, few other commonly conversed
local languages include English, Mandarin, and Tamil. The diversity in local languages,
dialects, cultures, and levels of illiteracy pose significant challenges for the use of appropri-
ate neuropsychological testing instruments during clinical diagnosis [10].

Cognitive tests can provide clinicians with an objective measurement of cognitive
function, offering a means to reliably identify the neuropsychological and brain changes
reflecting the underlying disease process [11]. There are many cognitive screening tools
such as the Mini Mental State Examination (MMSE) [12], the Brief Alzheimer Screen (BAS)
test [13], the Mini-Cog test [14], and the MoCA test [15] with good diagnostic performance
values to differentiate between demented subjects and normal individuals. Most existing
cognitive screening tools originated from the West and were designed for native English
speakers. Clinical raters are forced to translate the content of test items into different
languages to cater to their non-English speaking clients. As such, this process of translation
may alter the intended neuropsychological properties of the test items [16].

The Visual Cognitive Assessment Test (VCAT) is a brief and visual-based assessment
tool that was developed by a group of experts in Singapore. It is designed to detect early
stages of cognitive impairment by assessing five different cognitive domains - memory,
visuospatial function, executive function, language, and attention. It may be more suitable
for multicultural and multilingual societies around the world as it offers the advantage of
circumventing any need to translate or adapt to other languages or dialects as long as the
administrator and participant speak the same language. According to the study published
by Kandiah and colleagues in 2015, the sensitivity and the specificity of the VCAT for the
diagnosis of early cognitive impairment (MCI and mild AD) were 85.6% and 81.1%, which
is comparable to those of the MoCA in the same cohort [17].

A study done by Lim and colleagues in 2018 demonstrated that VCAT was useful in
detecting cognitively impaired patients across multinational, multiethnic and multilingual
Southeast Asian countries, with MoCA scores but not VCAT performance differing by
language of administration [18]. However, in that study, the participants from Malaysia
were largely recruited from an urban population with higher education background; as such,
the usefulness of VCAT in other states within Malaysia is still unknown. Validating
the VCAT for the multilingual and multicultural population in Malaysia is important.
If the VCAT is validated, it can be widely used in Malaysia to facilitate the diagnosis of
early stages of dementia. Additionally, a standardized cognitive battery may facilitate
information flow through the health system. Clinicians can use cognitive evaluation to
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chart progress as patients with dementia transit between the different healthcare settings
for diagnosis, treatment, and management [19]. In this study, we aimed to evaluate the
diagnostic performance of VCAT, its feasibility, and its reliability within multilingual rural
and urban population settings in Malaysia.

2. Methods
2.1. Study Design, Setting and Duration

This prospective multicenter study was carried out across five hospitals in Northern
Malaysia: Hospital Seberang Jaya and Hospital Pulau Pinang within the state of Penang,
Hospital Raja Permaisuri Bainun and Hospital Taiping within the state of Perak,
and Hospital Sultanah Bahiyah in the state of Kedah. The study was conducted between
May 2018 and December 2019.

2.2. Sample Size and Participants Recruitment

The sample size was calculated in accordance to logical justifications as proposed by
Lakens [20], and the calculation was calculated based on the probability proportionate
to size sampling (PPS) technique. The sample size was computed based on the expected
proportion of 25% of patients having memory or cognitively related conditions for the
population within the Northern Region of Malaysia, with a desired precision estimate of
0.05 and a power of 90% [21], thus yielding a total sample size of 203. The average number
of patients with memory or cognitively related conditions within the past six months
was calculated from each hospital’s outpatient psycho-geriatric or memory clinics. A 10%
deflation rate on the average number of patients in each hospital was computed, assuming
the non-follow-ups, drop-out or did not fulfill the study’s inclusion or exclusion criteria.
The proportion of patients to be recruited in each hospital was then calculated by the
number of patients in each hospital divided by the total number of patients in all the
hospitals, and subsequently each proportion was multiplied by the calculated sample
size to determine the number of patients to be recruited for each hospital site based on
pre-determined inclusion and exclusion criteria (Table 1). Although 203 patients were
approached, the final participatory rate was 91.0%, with nineteen patients being excluded
in the final analyses due to drop-out, failing to fulfill the study’s inclusion or exclusion
criteria or did not consent to participate in the study:.

Table 1. The Required Sample Size Calculation.

Average Patients
with Memory or Deflate 10% Calculated

Final Sample Size

Hospital Cognitively Related ~ Assuming non- Proportion Sample Size Recruited and Partlcnpa;tory
s . Included for Rate (%)
Conditions Over the Follow-Ups Required (n) Analysis (n)
Past 6 Months y
Hospital 80 72 72/200 = 36% x 203 73 66 90.4
Seberang Jaya
Hospital 54 49 49/200 = 25% x 203 50 45 90.0
Pulau Pinang
Hospital Raja
Permaisuri 51 46 46/200 = 23% x 203 47 42 89.4
Bainun
Hospital 20 18 18/200 = 9% x 203 18 17 94.4
Taiping
Hospital
Sultanah 17 15 15/200 = 8% x 203 15 14 93.3
Bahiyah
Total 222 200 203 184 91.0

All participants that fulfilled the inclusion and exclusion criteria and agreed to partici-
pate were recruited to this study. Of the 184 participants, 66 participants were recruited from
the Neuro-Geriatric Clinic of Hospital Seberang Jaya, 45 participants were recruited from
the Psycho-Geriatric Clinic of Hospital Pulau Pinang, 42 participants were recruited from
the Memory Clinic of Hospital Raja Permaisuri Bainun, 17 participants were recruited from
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the Division of Geriatric Medicine, Hospital Taiping, and 14 participants were recruited
from the Division of Geriatric Medicine, Hospital Sultanah Bahiyah.

Cognitively healthy participants (CHPs) were recruited from health screening pro-
grams organized by the respective psycho-geriatric or memory clinic team of the hos-
pitals, while MCI, mild VaD and mild AD participants were recruited from follow-up
patients within the specialist outpatient clinics. Of the 184 participants, 79 participants
were CHPs, 46 participants were mild cognitive impairment (MCI), 38 participants were
mild Alzheimer’s disease (AD) and 21 participants were mild Vascular Dementia (VaD).

2.3. Study Inclusion, Exclusion and Diagnostic Criteria

Inclusion criteria were CHPs, MCI, VaD, and AD subjects. Classifications of MCI
was based on the Petersen’s criteria and the National Institute on Aging and Alzheimer’s
Association (NIA-AA) [22]; classification of mild VaD was based on National Institute of
Neurological Disorders and Stroke and the Association Internationale pour la Recherché
et I’Enseignement en Neurosciences (NINCDS-AIREN) criteria [23]; and classification
for mild AD was based on NIA-AA criteria [24]. MCI participants were required to
have a Clinical Dementia Rating (CDR) score of 0.5, whereas mild VaD and mild AD
participants were required to have a CDR score of 1 [25]. CHPs were required to have
no cognitive complaints, and a CDR score of 0. Only participants with at least six years
of education and aged 50 years and older were recruited in this study. Participants with
a Geriatric Depression Scale (GDS) score of six or more, suggestive of depression, were also
excluded [26]. Participants with poor vision were also excluded. After that, participants
were classified into two groups, either the CHP group or CI group, which consists of MCI,
mild VaD, and mild AD participants.

2.4. Data Collection and Instruments Used

Basic demographic information was collected which include age, gender, ethnicity,
years of education and employment status. During each interview, the first accessor
administered the CDR, GDS, and MoCA assessments; the second accessor performed the
VCAT assessment and blinded from the first accessor to prevent bias. All the assessments
were conducted in the same setting. All participants were also given a semi-structured
questionnaire to collect their feedback on VCAT.

The VCAT is a 30-point test whereby a higher score denotes higher cognitive functions.
The VCAT is comprised of eleven items, which include three memory items (13 points),
one attention item (3 points), three executive functioning items (6 points), two visuospatial
items (3 points), and two language items (5 points). Instructions are communicated in
a language that both the test administrator and the participant are comfortable in conversing
in [17].

2.5. Statistical Analyses

Statistical analysis was performed using SPSS version 22. Descriptive analyses were
presented for demographic and cognitive data. The association of categorical variables
were analyzed using chi-square (X?) or Fisher exact test. Independent t-test was used
to perform between-group comparisons on normally distributed continuous data, while
the Mann-Whitney test was used to analyze non-normally distributed continuous data.
Further analyses were performed using a Generalized Linear Model (GLM) to adjust for
confounding demographic variables. Receiver operating characteristic (ROC) analysis was
used to determine the best VCAT cutoffs to differentiate: (1) CHPs from patients with
cognitive impairment (MCI + mild AD + mild VaD); and (2) MCI from mild dementia
(mild AD + mild VaD). Diagnostic performance was assessed using the area under the curve
(AUC), sensitivity (Se), specificity (Sp), positive (PPV) and negative predictive values (NPV),
and positive (PLR) and negative likelihood ratio (NLR). The ROC curves were compared
according to Hanley & McNeil AUC comparison method [27]. Concurrent validity was
evaluated using Pearson correlation coefficient (r) with the MoCA. The level of statistical
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significance tests was set at p < 0.05 with two-tailed distribution. The coefficient McDonald’s
Omega for the total VCAT score was yielded to interpret the reliability statistics.

3. Results
3.1. Characteristics of Study Sample

The total sample was 184 participants which consisted of males (43.5%) and females
(56.5%), with mean (SD) age of 68.8 (8.75) years old. The sample consisted of 71.7% Chinese,
14.7% Malays, 11.4% Indians and 2.2% of other ethnicities. The majority of the participants
were retirees (60.9%) and the mean (SD) years of education was 12.0 (4.75) (Table 2).

Table 2. Demographic characteristic of CHP, MCI, mild AD and mild VaD participants.

CHP MCI Mild AD  Mild VaD Total p-Value
n=79) (n = 46) (n =38) (n=21) (n =184) (Univariate)
Age
Mean (SD) 65.3 (7.35) 68.9(8.39) 747(820) 71.3(9.24) 68.8(8.75) <0.001
Years of education
Mean (SD) 13.0 (4.00) * 11.1(2.97) 11.8(3.06) 10.3 (3.2) 12 (4.75) <0.001
Gender, n (%)
Male 27 (34.2) 18 (39.1) 21 (55.3) 14 (66.7) 80 (43.5) 0.020 %
Female 52 (65.8) 28 (60.9) 17 (44.7) 7 (33.3) 104 (56.5)
Ethnicity, n (%)
Malay 10 (12.7) 6(13.0) 6(15.8) 5(23.8) 27 (14.7)
Chinese 60 (75.9) 37 (80.4) 25 (65.8) 10 (47.6) 132 (71.7) 0.167 §
Indian 8(10.1) 3(6.5) 5(13.2) 5(23.8) 21 (11.4)
Others 1(1.3) 0(0.0) 2(5.3) 1(4.8) 4(2.2)
Employment, n (%)
Employed 26 (32.9) 21 (45.7) 27 (71.1) 9 (42.9) 39 (21.2) "
Unemployed 11 (13.9) 9 (19.6) 3(79) 8 (38.1) 33 (17.9) 0.003
Retired 42 (53.2) 16 (34.8) 8(21.1) 4(19.0) 112 (60.9)
Language
administered, n (%)
English 44 (55.7) 21 (45.7) 27 (71.1) 9 (42.9) 101 (54.9) 0.068 ¥
Malay 15 (19.0) 9 (19.6) 3(7.9) 8(38.1) 35 (19.0)
Mandarin 20 (25.3) 16 (34.8) 8(21.1) 4(19.0) 48 (26.1)

CHP, cognitively healthy participants; MCI, mild cognitive impairment; AD, Alzheimer’s disease; VaD, Vascular
Dementia; SD, standard deviation.  Presented as median (IQR). ¥ Chi-square test for independence. § Fisher’s
exact test.

There were 79 CHP and 105 CI participants. Between group comparisons, demo-
graphic variable age was found to be significantly different (p < 0.001), with the CI group
being significantly older (71.5 £ 8.80) than the CHP group (65.3 & 7.35) (Table 1). Signif-
icant gender differences were identified with a higher proportion of females in the CHP
group (65.8%), compared to the CI group (49.5%). Participants in the CI group tended
to have fewer years of formal education (11.2 £ 3.07). In terms of employment, the CI
group compared to the CHP group had more retirees (66.7% vs. 53.2%) and unemployed
(21.00/0 VS. 13.90/0).

On GLM analysis, after controlling for age, years of education, gender, and employ-
ment, the two groups were found to have significant differences in MoCA (25.9 & 0.54 vs.
19.2 4+ 0.47, p < 0.001), total VCAT score (24.6 £ 0.68 vs. 17.9 & 0.58, p < 0.001), and all
individual VCAT domain scores. In all of the cognitive tests, the CHP scored higher than
the CI participants. GDS was not significantly different between two groups (1.1 = 1.21 vs.
2.2 +1.43, p = 0.056) (Table 3).
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Table 3. VCAT domain and total scores.

CHP CI MCI AD VaD Value p-Value

(n =79) (n =105) (n = 46) (n =38) (n=21) p-vaiu (GLM) *
MoCA
Mean (SD) 269 (2.43) 189 (5.33) 21.7 (4.77) 16.6 (4.75) 16.7 (4.61) <0.001 <0.001
VCAT memory (13 points)
Mean (SD) 12.0 2.00) t 6.7 (4.01) 8.9 (3.41) 2.5 (5.25) t 6.7 (3.00) <0.001 <0.001
VCAT language (5 points)
Mean (SD) 5.0 (1.00) 3.5(0.85) 3.9(0.82) 3.3 (0.69) 3.1(0.83) <0.001 <0.001
VCAT visuospatial (3 points)
Mean (SD) 2.6 (0.52) 2.0 (1.00) 2.4 (0.54) 2.0 (1.00) 2.1 (0.94) 0.001 <0.001
VCAT executive (6 points)
Mean (SD) 4.4 (1.29) 3.7 (1.70) 4.0 (1.69) 3.5 (1.69) 3.4 (1.75) 0.001 <0.001
VCAT attention (3 points)
Mean (SD) 2.0 (1.22) 1.0 (1.34) 1.6 (1.41) 0.0 (1.00) * 0.0 (0.00) t <0.001 <0.001
VCAT total (30 points)
Mean (SD) 25.1 (3.09) 17.1 (6.59) 20.8 (5.99) 13.3 (5.64) 15.9 (5.10) <0.001 <0.001

CHP, cognitively healthy participants; CI, cognitive impairment; MCI, mild cognitive impairment; AD,
Alzheimer’s disease; VaD, Vascular Dementia; GLM, general linear model; SD, standard deviation; MoCA,
Montreal Cognitive Assessment; VCAT, Visual Cognitive Assessment Test. ¥ Presented as median (IQR). * GLM

adjusted by age, years of education, gender and employment.

3.2. Diagnostic Accuracy and Optimal VCAT Cutoff Scores

For discriminating between CHP and CI (MCI + AD + VAD) participants, the AUCs
(95% CI) were 0.837 (0.780-0.894) for the total VCAT score and 0.916 (0.874-0.957) for the

MoCA score (Figure 1).

ROC Curve

1.0

o
e
1

Sensitivity

=
EY
1

0.0 ]
0.0 02

T
0.4

T
0e&

1 - Specificity

1.0

Source of the
Curve

— Total VCAT Score
— Total MOCA score
Reference Line

Figure 1. Receiver operating characteristic (ROC) curves: area under the curve (AUC) for discrimi-
nating between CHP (Cognitively Healthy Participants) and CI (Cognitive Impairment) participants
on VCAT and MoCA scores. MoCA Montreal Cognitive Assessment, VCAT Visual Cognitive Assess-

ment Test.
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Comparison between these AUCs using the method of Hanley McNeil showed that
it was not significantly different (p = 0.051) [24]. The optimal VCAT cutoff to differentiate
CI with CHP was < 23. This cutoff attained a sensitivity of 77.1% (95% CI: 67.9-84.8%),
specificity of 72.2% (95% CI: 60.9-81.7%), PPV was 78.6% (95% CI: 71.8-84.2%), NPV was
70.4% (62.0-77.6%), PLR was 2.8 (1.9-4.0), and NLR was 0.3 (0.2-0.5) (Table 4).

Table 4. Overall diagnostic performance, clinical acceptance/ utility and diagnostic accuracy of
VCAT and MoCA for CI and CHP.

. . o1 . Diagnostic
Diagnostic Performance Acceptability/ Utility Accuracy
Sen Sp PPV NPV LR* LR~ AUC
VCAT 77.1 72.2 78.6 70.4 2.8 0.3 0.837
(67.9-84.8)  (60.9-81.7) (71.8-842) (62.0-77.6)  (1.9-4.0) (0.2-0.5) (0.780-0.894)
MoCA 81.0 91.1 92.4 783 9.1 0.2 0.916

(72.1-88.0)  (82.6-96.4) (85.6-96.1) (70.7-84.3)  (4.5-18.6)  (0.1-0.3)  (0.874-0.957)

PPV—Positive Predictive Value; NPV—Negative Predictive Value; LR*—Positive Likelihood Ratio; LR™—
Negative Likelihood Ratio; AUC—Area under the curve. Sensitivity (Sen); specificity (Sp); predictive values
(PPV/NPV); likelihood ratios (LR* /LR ™); discriminatory capacity (diagnostic accuracy of AUC) is reported with
values (%) with corresponding 95% confidence intervals (95% CI).

Further ROC analyses (Figure 2) for discriminating between MCI and mild dementia
(AD + VAD) showed that the VCAT was generally satisfactory and similar to MoCA. The
AUC:s for total VCAT score were 0.781 (95% CI: 0.692-0.870) and 0.778 (95% CI: 0.689-0.868).
Comparison between ROC curve for discriminating between MCI and mild dementia
(AD + VAD) for VCAT and MoCA was performed, and the result showed that it was not
significance difference (p = 0.967) [27].

ROC Curve
10 =
Z Source of the
Cunve
— Total VCAT Score
— Total MOCA score
0.8 Reference Line
0.6
o
=
B
0
c
[T}
9D g4 :
02+ )/
0o T T T T
on 02 04 08 0.8 10

1 - Specificity

Figure 2. Receiver operating characteristic curves: area under the curve (AUC) for discriminating
between MCI and mild dementia (AD + VAD) participants on VCAT and MoCA scores. MoCA
Montreal Cognitive Assessment, VCAT Visual Cognitive Assessment Test.

The optimal VCAT cutoff to differentiate mild dementia (AD + VAD) with MCI
was < 19. This cutoff attained a sensitivity of 84.8% (95% CI: 73.0-92.8%), specificity
of 63.0% (95% CI: 47.6-76.8%), PPV was 74.3% (95% CL: 66.5-81.3%), NPV was 76.3%
(62.9-86.0%), PLR was 2.3 (1.6-3.4), and NLR was 0.2 (0.1-0.5) (Table 5).
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Table 5. Overall diagnostic performance, clinical acceptance/ utility and diagnostic accuracy of
VCAT and MoCA for mild dementia (AD + VAD) and MCI.

. . . o1 Diagnostic
Diagnostic Performance Acceptability/ Utility Accuracy
Sen Sp PPV NPV LR* LR~ AUC
VCAT 84.8 63.0 74.6 76.3 23 0.2 0.781
(73.0-92.8) (47.6-76.8) (66.5-81.3) (62.9-86.0) (1.6-3.4) (0.1-0.5) (0.692-0.870)
MoCA 74.6 73.9 78.6 69.4 2.9 0.3 0.778
(61.6-85.0) (58.9-85.7) (68.8-85.9) (58.6-78.3) (1.7-4.8) (0.2-0.6) (0.689-0.868)

PPV—Positive Predictive Value; NPV—Negative Predictive Value; LR*—Positive Likelihood Ratio; LR™—
Negative Likelihood Ratio; AUC—Area under the curve. Sensitivity (Sen); specificity (Sp); predictive values
(PPV/NPV); likelihood ratios (LR* /LR ™); discriminatory capacity (diagnostic accuracy of AUC) are reported
with values (%) with corresponding 95% confidence intervals (95% CI).

Inspection of scatter plots (Figure 3) between VCAT and MoCA showed homoscedas-
ticity. Therefore, a Pearson’s correlation (r) was run on the data. The results showed
a positive correlation between the VCAT and MoCA, with r = 0.819, p < 0.001, which sug-
gests a high correlation [28]. The VCAT obtained McDonald’s Omega of 0.814 indicating
a good internal consistency [29].

0000 cooo0

VCAT

MOCA

Figure 3. Scatterplot showing correlation between VCAT and MoCA score. VCAT, Visual Cognitive
assessment Test; MoCA, Montreal Cognitive Assessment.

3.3. Test-Feasibility

There was no significant difference for completion time between VCAT vs. MoCA.
Mean (SD) time to complete VCAT vs. MoCA in the CHP group (10.0 £ 2.75 min vs.
10.4 £ 2.49 min, p = 0.770) and in the CI group (15.4 £ 4.52 min vs. 15.4 £ 4.56 min,
p = 0.968).

A total of 180 participants provided feedback for evaluating test burden by using the
semi-structured questionnaire. Compared with MoCA, 76.0% thought that the instructions
in VCAT were similar or easier to understand and 76.6% thought VCAT test were similar
or less tiring.

4. Discussion

This multicenter study was carried out across Northern Malaysia to investigate the
VCAT performance in multi-ethnic, multicultural, and multilingual participants. The find-
ings of this study demonstrated that the overall discriminative ability was comparable
between the VCAT and MoCA in discriminating between CHPs, Cis, and mild dementia
(AD + VaD) participants. ROC analyses revealed an optimal cutoff score, which was almost
similar to the cutoff score by Low et al. (Dementia 0-19, MCI 20-24, Normal 25-30) [30].
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This study showed that there was no statistical difference when comparing VCAT scores
between Chinese, Malay, and Indians after correcting for age and education. Therefore,
VCAT was well suited for the multiracial population in Malaysia. The majority of the
multilingual patients in Malaysia found that the VCAT instructions were simple to follow
and culturally appropriate.

The MoCA showed a slightly larger AUC than the VCAT in discriminating between
CHP from those with CI. Comparison of AUCs using the method of Hanley and McNeil
showed no significant difference between the MoCA and the VCAT [27]. In this study,
the AUCs for the VCAT was slightly lower in discriminating between CHPs and Cls
compared to the study done by Low et al. [30]. The cutoff score derived in this study
was lower compared to the study done by Low et al. whose cut off score was <24.
The sensitivity and specificity in this study was higher compare to the study done by
Low et al, where the sensitivity was 75.4% and specificity was 71.1% [30]. Compared to a
previous study done by Kandiah et al., for the cut of score of <22, the sensitivity was 85.6%
and specificity was 81.1% [17].

The VCAT performed well compared to the MoCA in discriminating between MCI
and mild dementia (mild AD + mild VaD). The VCAT showed a slightly larger AUC than
the VCAT. The findings are consistent with previous study done by Low et al. (AUC = 0.842,
95% CI = 0.791-0.893) and Kandiah et al. (AUC = 0.820, 95% CI = 0.751-0.889) [17,30].
The cutoff score derived in this study was consistent with the study done by Low et al.
where their cutoff score was <19 with sensitivity of 68.3% and specificity of 84.8% [30].

The mean time to complete VCAT and MoCA was similar in the CHP and CI groups.
It was similar to the previous study done by Lim et al., whereby the mean time to complete
the VCAT was 10.37 £ 3.70 min in the CHP group and 13.88 & 6.18 min in the CI group [18].

Based on the VCAT qualitative assessment questionnaire surveying participants’ opin-
ions on the practicality of VCAT compared to MoCA, participants thought that the in-
structions in VCAT were similar or easier to understand and were similar or less tiring.
Therefore, it was found to be feasible in the normal routine clinical settings.

There were several limitations in this study. First, the education level for our overall
sample was relatively high, and therefore the results may not be generalized to individuals
with lower levels of education. Secondly, the majority of our participants were Chinese,
and the common language used was English, which did not represent the actual Malaysian
populations. Thirdly, there is a lack of description on the precision of the test with respect
to it’s severity as it only compares CHPs versus MCI and MCI versus mild dementia
(mild AD + mild VaD). Fourthly, the MoCA test was selected for comparison as it is widely
used in clinical settings even with full knowledge of its limitations, especially the potential
influence on language and culture on MoCA performance. Finally, the subjects were
accessed once and were unable to be re-assessed for test-retest learning effect. Future work
could compare visual test MemTrax with VCAT, and to assess the VCAT’s ability to detect
various forms of dementia, and to evaluate the influence of learning effects on the VCAT.

5. Conclusions

Overall, this multicenter study showed that the VCAT was comparable to the MoCA.
This suggests that the VCAT was a valid and useful screening tool for patients with
cognitive impairment in Malaysia. Further studies should include a larger sample size and
longitudinal cohorts.
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