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Abstract

Background: Mild cognitive impairment (MCI) is often a precursor of dementia, and patients with MCI develop dementia at
ahigher rate than healthy older adults. Early detection of cognitive decline at the MCI stage supports better planning of care and
interventions. At present, the use of virtual reality (VR) in screening for MCI in older adults is promising, but there is little
evidence regarding the use of virtual supermarkets to screen for MCI.

Objective: The objectives of this study are to validate a VR game-based test, namely, the Virtual Supermarket Program (VSP),
for differentiating patients with MCI and healthy controls and to identify cutoff scores for different age levels.

Methods: Subjects were recruited from several nursing homes and communities in Changchun, China. They were divided into
ahealthy control group (n=64) and an MCI group (n=62). All subjectswere administered the V SP and a series of neuropsychological
examinations. The study determined the optimal cutoff, discriminating validity, concurrent validity, and retest reliability of the
V SP. We used the area under the receiver operating characteristic curve (AUC) to evaluate the discriminating validity and obtain
the optimal cutoff values. Pearson correlation analysis and the intraclass correl ation coefficient were used to eval uate the concurrent
validity and retest reliability, respectively.

Results: A cutoff score of 46.4 was optimal for the entire sample, yielding a sensitivity of 85.9% and specificity of 79.0% for
differentiating individuals with MCI and healthy controls, and the AUC was 0.870 (95% CI 0.799-0.924). The median index of
V SP score was 51.1 (range 42.6-60.0). There was a moderate positive correlation between the V SP total score and Mini-Mental
State Examination score (r=0.429, P<.001). There was a strong positive correlation between VSP total score and Montreal
Cognitive Assessment score (r=0.645, P<.001). The retest reliability of the VSP was feasible (r=0.588, P=.048).

Conclusions: TheVSPisinteresting and feasible for subjects. It shows high sensitivity and specificity for the identification of
MCI in older adults, which makesit apromising screening method. TheVV SP may be generalized to older adultsin other countries,
although some cultural adaptation may be necessary.

Trial Registration: ChineseClinical Trial Registry ChiCTR2000040074; https.//www.chictr.org.cn/showprojen.aspx ?proj=64639

(IMIR Serious Games 2021;9(4):€30919) doi: 10.2196/30919
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Introduction

Dementia is becoming more prevalent worldwide. According
to the “World Alzheimer Report 2018” [1], 50 million people
worldwide had dementiain 2018. Asthe most popul ous country,
China has experienced the greatest burden of dementia. The
total number of people with dementiain Chinawill reach 23.3
million by 2030 [2], and in 2020, the burden of dementia-rel ated
disability and carein Chinareached US $250 billion, accounting
for nearly one-fifth of the global dementia-related costs [3].
However, thereis no effective treatment for dementia; therefore,
increasing attention has been given to the precursors of
dementia. Mild cognitiveimpairment (MCl) is often a precursor
of dementia, but it can also be due to other pathologies (such
as Parkinson disease and tumors) [4,5]. Although not all forms
of MCI lead to dementia, the mean annual conversion rate of
MCI to dementia is approximately 10%, which is far higher
than the annual incidence (1%-2%) in healthy older adults[6,7].
Relevant studies have shown that interventions for MCI can
effectively delay or even reverse cognitive decline [8].
Therefore, early detection of cognitive decline at the M Cl stage
isvital for better planning of care and interventions.

The commonly used cognitive screening methods are
paper-and-pencil  neuropsychological testing [9] and
computerized cognitive testing [10,11]. Compared to
neuropsychological testing, the advantages of computerized
cognitive testing include standardized admini stration procedures
and presentation of stimuli and accurate measurement of
response time [12,13]. Virtual reality (VR) is widely used in
research with computerized cognitive testing for MCI [14,15].
VR is an ecologically valid and informative evaluation
instrument and provides an opportunity to improve cognitive
screening [ 16-18]. Studies have shown that VR isrecommended
for the screening of older adultswith MCI or dementia[15,19].
Among older adultswith cognitiveimpairment screened through
VR, virtual supermarket has been accepted [20] and could be
used to detect cognitive impairment in older adults [21,22].

Virtual supermarkets are anovel method for screening for MClI
and assessing cognition through shopping-related activities.
Related research using virtual supermarkets is effective in
screening for MCI [20,22,23]. Atkins et al [24] developed the
Virtual Reality Functional Capacity Assessment Tool, which
assesses functional abilities related to shopping, and found a
significant relationship between task performance and cognitive
performance. Werner et al [22] developed the Virtual Action
Planning-Supermarket, which allows subjects to navigate the
store, purchase 7 items, and then pay for them, and they
distinguished healthy older adultsand M Cl patients. Significant
differenceswerefound between healthy older adultsand patients
with MCI inthe Virtual Action Planning-Supermarket measures.
However, they assessed few cognitive domains and screened
for cognitive impairment by assessing only executive function.
Zygouriset al [20] developed ascreening tool called the Virtual
Supermarket Test to detect MCl and assessed 4 cognitive
abilities in older adults through four shopping-related tasks.
The program can operate on Android-based tablet devices or
computers. Thediscriminative validity of the program was good
in older adults over 70 years of age. However, Zygouris et al
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[20] developed virtual supermarket as a cognitive training
application that does not specifically screen for MCI, and it
screens few cognitive domains. Nevertheless, the literature
supports virtual supermarket in screening for MCI [23].
However, thevirtual supermarkets devel oped in other countries
may not be suitable screens for older Chinese adults, and there
isno virtual supermarket software to screen for MCI in China.

The Virtual Supermarket Program (V SP) developed in thisstudy
screened subjects with MCI by assessing their ability to shop
in conditions relevant to daily life. Subjects could actively
explore the VSP environment while performing the task.
Compared with other versions of the virtual supermarket, V SP
provides a more comprehensive screening, involves a rich
environment with VR technology, and is more in line with the
living and cultural habits of older adults in China. Therefore,
weaimed to verify thefeasibility of VSP for screening for MCl
in older adultsin China.

Methods

Study Design

We evaluated the feasibility of VSP for screening patients with
MCI (diagnosed in accordance with Petersen criteria) [25] over
60 years of age in China. The study followed the STARD
checklist for the reporting of studies of diagnostic test accuracy
[26]. This study was conducted between December 2020 and
February 2021. The study protocol was approved by the School
of Nursing (approval 2020082805), Jilin University, and it has
been registered in the Chinese Clinical Trial Registry
(registration ChiCTR2000040074). All subjectswereinformed
about the purpose of the study before providing their verbal
consent. The VSP used in this study was a hew tool devel oped
by the authors' team at the School of Nursing, Jilin University,
China, and a company was entrusted to provide technical
support.

Population

Subjectswere from several nursing homes and communitiesin
Changchun, China. The inclusion criteria of the subjects with
MCI were as follows: (1) MCI diagnosis in accordance with
the Petersen criteria [25]; (2) age=60 years,; (3) a Montrea
Cognitive Assessment (MoCA) scale [27] score of <26; (4) a
Mini-Mental State Examination (MM SE) [28] score of >24; (5)
no impairment in functional daily living activities (Activities
of Daily Living [ADL] scale[29] score of <26); (6) absence of
psychiatric illnesses, with particular reference to depressive
symptoms (15-item Geriatric Depression Scale [GDS-15] [30]
score of <8); and (7) absence of severe auditory/visual lossthat
can prevent the use of technol ogical devicesand from executing
the VSP. Theinclusion criteriaof subjectsin the healthy control
group were inclusion criteria (2) and (4)-(7) from the
aforementioned list and an MoCA score of 226.

Sample Size

We calculated the sample size using equation 1 [31] »=(5) a-»r,
and we set the confidence level (1-a) at 95% and the allowable
error (&) of sensitivity and specificity at 10%. We estimated the
samplesizerequired for sensitivity (the sample sizefor the MCl
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group) and the sample size required for specificity (the sample
size for the healthy control group).

The sensitivity and specificity of the tools developed by
Zygouris et a [21] were 82.35% and 95.24%, respectively,
which were used to calculate the sample sizefor the M Cl group
and healthy control group in this study. We predicted a dropout
rate of 10%. The sample size of the MCI group was 62, and that
of the healthy control group was 20 in this study. Therefore, we
needed to enroll a minimum of 82 subjects.

Study Design

This study recruited subjects over the age of 60 yearsin nursing
homes and communities. The subjects who volunteered for the
study werefirst administered aneuropsychological test to screen
for MCI in accordance with the Peterson criteria[25]. The test
took place in a quiet and bright room. First, baseline
characteristics (age, education level, height and weight, and
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previous computer use before VSP) and past medical history
were collected. Older adults with depression were excluded
using the GDS-15. Then, the Clinical Dementia Rating (CDR)
and MMSE were used to exclude patients with dementia.
Thereafter, MoCA and functional status (ADL scale) measures
were collected. Last, V SPtestswere performed for all subjects.
Prior to each task in the VSP, the subjects were repeatedly
instructed on the task, and operation instructionswere available
throughout the test through the user interface. The VSP was
managed by independent researchers, who were blinded to the
subjects cognitive status. All subjects used the V SP application
under the same circumstances.

All data were obtained directly from the subjects and included
neuropsychological test scores, VSP scores, and general
information. The assessors were blinded to the cognitive status
or grouping of the subjects. Figure 1 shows a flowchart of
subject recruitment and testing.

Figure 1. Flowchart of subject recruitment and testing. MCI: mild cognitive impairment; VSP: Virtual Supermarket Program.
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Neuropsychological Assessments

Subjects were administered a battery of neuropsychological
tests, including the CDR, MM SE, GDS-15, ADL, and MoCA.
The reference standard resultswere available to the testers. The
neuropsychological tests used in this study were as follows.

CDR

The CDR assesses 6 abilities on a 5-point scale [32]: no
dementia (CDR=0), questionable dementia (CDR=0.5), mild
dementia(CDR=1.0), moderate dementia(CDR=2.0), and severe
dementia (CDR=3.0). Finally, theresults of the 6 ability ratings
are combined into onerating on the basis of the scoring standard,
and there is no dementia when the CDR was zero [33].

https://games.jmir.org/2021/4/€30919

MCI Group Healthy Control Group
n=62 n=64
MMSE

The MM SE has 30 questions, and the highest potential scoreis
30. The optimal cutoff values differ for subjects with different
educational levels. Subjects who are illiterate and scored <17
points, those with a primary school education who scored <20
points, and those with a high school education or above who
scored <24 points are classified as having dementia [34].

GDS-15

The GDS-15 comprises 15 questionsto which subjects are asked
to respond with “yes” or “no.” The total score can range from
0 to 15, and a total score of >8 is associated with depressive
symptoms [30].

MoCA Scale

The MoCA scale comprises 32 questions, and the highest
potential scoreis 30. If the number of years of educationis<12
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years, 1 point is added to the actual total score, and afinal total
score of >26 is considered normal [27].

ADL Scale

The ADL scale comprises 14 items that are scored at 4 levels.
Thetotal score can range from 14 to 56, and atotal ADL score
of >26 pointsindicate an impaired ability to perform activities
of daily living [29].

Virtual Supermarket Program

We devel oped the V SPto bein linewith Chinese cultural habits
and with reference to the virtual supermarket of Zygouris et al
[20,21]. We mimicked the MoCA and designed the VSP with
VR technology. For instance, for the assessment of temporal
orientation, the MoCA scale asks the subjects to identify the
current date. In the VSP, we designed the link to input the
payment password, and the password was the current date. All
the tasks in the VSP were designed in this manner.
Shopping-related tasks were used to assess learning and
memory, executive functions, language, time orientation, and
complex attention of older adults and to explore the feasibility
of the VSP for screening MCI in older Chinese adults. There
were 9 tasks in the VSP, and it was run on a computer (CPU,
i5 or higher; memory, 216 GB; independent video memory, >2
GB; storage capacity, =200 GB) for which subjectsdid not need
VR glassesand ahandleto operate. The V SPwas operated with
a computer mouse and a keyboard (Multimedia Appendix 1).
Thefollowing taskswereincluded in the V SP: task 1: memorize
shopping list; task 2: look at the map to get directions to the
supermarket and make purchases on the list; task 3: recall the
sales announced by voice in the supermarket; task 4: label the
item that have lost their labels; task 5: determine whether the
correct items were purchased; task 6: calculate the amount for
the purchased items; task 7: enter the correct payment code
(current date); task 8: compare lucky draw numbers at the
service center; and task 9: choose the correct bus route home.

The V SP assessed five cognitive domains [35]: learning and
memory (tasks 1 and 3), executive functions (tasks 2, 6, and 9),
language (tasks 4 and 5), time orientation (task 7), and complex
attention (task 8). The VSP score ranges from O to 60
(Multimedia Appendix 2). The technician devised a fixed
algorithm to cal cul ate the score for each task and the total V SP
score on the basis of the accuracy with which the subject
completed the task. There was no time limit for subjects to
perform each VR task.
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Statistical Analysis

Statistical analyses were performed using SPSS Statistics
(version 23.0, IBM Corp) and MedCalc (version 19.2, MedCalc
Software Ltd). The normality of datadistributionswas assessed
using the Shapiro-Wilk test. Mean (SD) values were used to
describe continuous variables that were normally distributed,
and median (IQR) values were used to describe the continuous
variables that were not normally distributed. Descriptive
statistics included n (%) values for categorical variables.
Independent samples t tests were used to compare continuous
variablesthat were normally distributed between the two groups,
nonparametric Mann-Whitney U rank sum tests were used to
compare continuous variables that were not normally distributed
between the two groups, and chi-sguare tests were used for the
categorical variables. Thefeasibility of V SP screening for MCI
was verified by measures of optima cutoff, discriminating
validity, concurrent validity and test-retest reliability for the
VSP. Discriminating validity was examined through receiver
operating characteristic (ROC) analysis of VSP total scores.
Theareaunder thereceiver operating characteristic curve (AUC)
can range between 0 and 1. The closer the AUC to 1, the better
the diagnosis [36]. Concurrent validity was examined through
Pearson correlation analyses of VSPtotal scoresagainst MM SE
scores [34] and MoCA scores [27]. Test-retest reliability was
assessed with an intraclass correlation coefficient (ICC). A
2-sided P value of <.05 indicated statistical significance.

Results

Demographicsand Char acteristicsby Cognitive Status

The demographics and cognitive characteristics of the subjects
are presented in Table 1. In the actual process of recruitment,
the healthy control group collected more than the minimum
sample size we previously calculated. Considering that alarge
number of samples can improve thetest efficiency, we expanded
thesamplesize. Initially, 181 participantswere recruited (Figure
1). No adverse events occurred during the study. Finally, the
study included 126 older adults (45 male and 91 female). The
mean age was 77.12 years (range 61-94 years), and years of
education ranged from O to 16 years. In total, 62 older adults
were enrolled in the MCI group and 64 were enrolled in the
healthy control group. Therewas asignificant differencein age
between the 2 groups (P=.02). No between-group differences
in sex distribution (P=.06), years of education, or computer
experience (having used a computer at least once) were found
(P=.08). As expected, the 2 groups had significantly different
MM SE scores and MoCA scores (P<.001).
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Table 1. Demographics and cognitive characteristics of subjects (N=126).
Hesdlthy controls Patientswith mild cogni- T, z, or chi-
Characteristics (n=64) tiveimpairment (n=62) squaretest P value
Age (years), mean (SD) 73.5(16.0) 82.00 (15.50) 2 4862 01
Sex, n (%) 3.613° .06
Female 13.0 (20.3) 22.0(35.5)
Male 51.0 (79.7) 40.0 (64.5)
Years of education, n (%) 6.875° .08
Primary school 10.0 (15.6) 4.0(6.5)
Middle school 13.0(20.3) 19.0 (30.6)
High school 13.0(20.3) 20.0 (32.3)
University 28.0 (43.8) 19.0 (30.6)
Computer experience (having used a computer at least once), n (%) 28730 .09
Yes 29.0 (45.3) 19.0 (30.6)
No 35.0 (54.7) 43.0 (64.9)
Cognitive assessment score, mean (SD)
Mini-Mental State Examination score (maximum score=30) 28.5(1.3) 27.0(1.6) 5.668° <.001
Montreal Cognitive Assessment score (maximum score=30) 26.6 (1.0) 20.8 (2.7) 16.106° <.001

@lann-Whitney U test.
bChi-square test.
CIndependent samplest tests.

Performancein the VSP Between Patients With M Cl

and Healthy Controls

the healthy control group were higher than those in the MCI
group. With the exception of the difference for task 6, these
differences were significant. The total VSP score in the MCI

The performance scoresfor theindividual tasksontheVSPare  group was significantly lower than that in the healthy control
summarized in Table 2. The mean scoresin each VSPtask in  group (P<.001).

Table 2. Performance scoresin the Virtual Supermarket Program.

Healthy controls (n=64),

Patients with mild cognitive
impairment (n=62), mean

Task score mean (SD) (SD) t test (independent samples) P value
Task 1 9.9(0.5) 9.6 (1.0) 1.999 .048
Task 2 4.0 (2.0) 2.3(25) 4,265 <.001
Task 3 6.0 (3.5) 41(3.8) 2.940 .004
Task 4 6.0 (0.5) 5.6 (1.2) 2.087 .04
Task 5 5.6 (0.8) 45 (2.0) 4.379 <.001
Task 6 5.8(0.9) 5.8(1.1) 0.213 83
Task 7 5.5(16) 4.7 (2.5) 2.328 .02
Task 8 4.0 (1.4) 2.0(1.6) 7.407 <.001
Task 9 48 (1.1) 2.8(2.5) 5.708 <.001
Total 51.4 (4.8) 41.3(7.7) 8.804 <.001

Potential of the VSP to Distinguish Between Patients

With MCI and Healthy Controls

AnROC curveanalysiswasperformed with thetotal VSPscores  79.0% specificity).
that were used to distinguish between patients with MCI and
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healthy controls (Figure 2). The AUC was found to be 0.870
(95% CI 0.799-0.924, P<.001). An optimal statistical cutoff
was achieved at a cutoff score of 46.4 points (85.9% sensitivity,
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Among subjects aged under 85 years, the optimal cutoff was
46.5 points, and the sensitivity and specificity were 72.73% and
86.79%, respectively (AUC=0.840, P<.001). Among the subjects

aged over 85 years, the optimal cutoff was47.3 points, yielding

Yan et a

a sensitivity of 94.4% and specificity of 80.0% (AUC=0.936,
P<.001). The ROC curve stratified by age is shown in Figure
3, and the discriminative validity is shown in Table 3.

Figure 2. Receiver operating characteristic curve analysis for the total score in the Virtual Supermarket Program.

Sensitivity

i Sensitivity: 85.9
80 _ ......................... Spec]ﬂcityl- ?gg
i Criterion: >46.4

Total score of VSM

AUC = 0.870

P <.001

1 1 l L L L

40 60

100-Specificity

80

100

Figure 3. Receiver operating characteristic curve analysis for the total score in the Virtual Supermarket Program among different age groups.

L VEM
1001
80|
=, B0
= L
i
g L
5] -
400
200
I ALC = 0,540
i P < 001
P i N SN BRSBTS S N
1} 20 40 80 a0 100

100-Specificity

Age=285 years

https://games.jmir.org/2021/4/€30919

RenderX

Sensilivity

100

&0

G0

40

20

L WSM
i AUC = 0,938
P=< 001
P T T [ T T SR T T T M
a 20 40 50 ED 100
100 -Specificity

Age > 85 years<

JMIR Serious Games 2021 | vol. 9 | iss. 4| €30919 | p. 6

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Yan et a

Table 3. Thetotal scorein the Virtual Supermarket Program and the discriminant results of age stratification.

Optimal cutoff Sensitivity, % Specificity, % Areaunder there-  95% Cl Pvalue  Youdenin-
ceiver operation dex J
characterigtic curve
Entiresample  46.4 85.90 79.00 0.870 0.799-0.924 <.001 0.650
Age (years)
<85 46.5 72.73 86.79 0.840 0.752-0.907 <.001 0.600
>85 47.3 94.44 80.00 0.936 0.775-0.993 <.001 0.744

Correlations Between the VSP and Routine Cognitive
Screening Assessments

There was a moderate positive correlation between the total
V SP scores and MM SE scores (r=0.429, P<.001). Therewas a

strong positive correlation between the total VSP scores and
MoCA scores (r=0.645, P<.001). In addition, we found a
negative correlation of thetotal V SP scoreswith age (r=—0.308,
P<.001). Table 4 shows the correlation matrix between the
different variables.

Table4. Correlation matrix demonstrating the degree of associations among the Mini-Mental State Examination score, Montreal Cognitive Assessment

score, age, education, and total performance scores.

Montreal Cognitive Assessment  Scorein the Virtual Su-

Variable Age Education Mini-Mental State Examination Score score permarket Program
Age

r _a -0.119 -0.342 -0.247 -0.308

Pvaue — 0.186 <.001 .005 <.001
Education

r -0.119 — 0.269 0.110 0.098

Pvadue .19 — .002 22 27
Mini-Mental State Examination score

r -0.342 0.269 — 0.592 0.429

Pvaue <.001 .002 — <.001 <.001
Montreal Cognitive Assessment score

r -0.247 0.110 0.592 — 0.645

Pvdue  .005 0.22 <.001 — <.001
Scorein the Virtual Supermarket Program

r -0.308 0.098 0.429 0.645 —

Pvaue <.001 0.27 <.001 <.001 —

2 not determined.

Retest Reliability of the VSP

A month after the first test, 9 healthy controls were randomly
selected to receive the VSP again, and the results showed that
the ICC between total VSP scores was feasible (r=0.588,
P=.048).

Discussion

Principal Findings

To our knowledge, this is the first study to use a localy
developed virtual supermarket task to screen for MCl among
older adults in China. The VSP we designed in this study was
acomputerized application running on acomputer to screen for
MCI. Through verification of its screening effectiveness, the
V SP had the highest sensitivity and specificity when the optimal

https://games.jmir.org/2021/4/€30919

cutoff was46.4. The V SP can effectively distinguish older adults
with MCI from healthy controls, and it was more suitable for
older adults aged 85 years and above. Performance in the VSP
had a strong positive correlation with MoCA scores but a
moderate positive correlation with MM SE scores. The retest
reliability of the VSP scores was feasible.

Comparing Perfor mance Between PatientsWith M Cl
and Healthy Controls

We found that the overall scores and scores for each task were
significantly higher in the healthy control group, but task 6 did
not show a significant difference between the 2 groups. In task
6, the subjectswere asked to cal culate the total cost of theitems
they had purchased. Given the situation of older adults, the
settings related to the task list in the system were set to be
relatively simple, which is probably why task 6 did not show a
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significant difference between the MCI subjects and healthy
controls. Thisisasolvable praoblem. In the future, wewill adjust
the difficulty of task 6 by increasing the number of items
purchased or adjusting the price of items.

Compared to the healthy controls, the subjectsin the MCI group
performed worse on tasks (tasks 1, 2, 3, 5, and 9) that involved
learning and memory and executive function. The MCl subjects
were more likely to forget or buy the wrong item on their
shopping list, and they could not perform the shopping tasks
very well. This is evidence that these tasks were better at
distinguishing between the 2 groups. Task 5 and task 8 represent
theingenuity in our task design. Task 5 involved an assessment
of learning and memory, executive function and language that
comprehensively evaluated the subjects cognition. Task 8
evaluated the subjects’ complex attention. The subjects needed
to use their attention, hearing, and finger reflexes at the same
time to compl ete the task. This task could distinguish the MCI
subjects and healthy controls well. Above al, these tasks
highlight the effectiveness of the VV SPin distinguishing between
the MCI subjects and healthy controls.

Discriminating the Validity of the VSP Total Score

In this study, the VSP score could effectively distinguish
between MCI subjectsand healthy controls. The sensitivity and
specificity were 85.90% and 79.00%, respectively. The AUC
based on the VSP scores was 0.870 in this study. Compared
with other studies, thislevel of accuracy isrelatively high. Boz
et al [23] used the Virtual Supermarket, which was devel oped
in Greece [21], to screen for MCl among older Turkish adults.
They reported that the sensitivity and specificity were 74.00%
and 85.00%, respectively; they did not report the AUC. The
sensitivity and specificity of the virtual supermarket task were
better in our study than in that by Boz et a [23]. Thismay have
resulted from using Euros on the payment screen, which adds
additional complexity and cognitive burden [23]. The system
of Cognitive Assessment by Virtual Reality [35] isadapted from
the RE@CH module, and Chua et a [37] reported an AUC of
0.821, a sensitivity of 78.2%, and a specificity of 75.7% in the
Singaporean population. Compared to the task used by Chua et
al [37], the VSPismorein linewith the culture and living habits
of older Chinese adults, and the sample size in our study was
larger.

Ageisanimportant factor in cognition. Among subjects younger
than 85 years, the AUC, sensitivity, and specificity were 0.840,
72.73%, and 86.79%, respectively. Among subjects over 85
years of age, the AUC, sensitivity, and specificity were 0.903,
94.44%, and 80.00%, respectively. As people age, their
cognitive performance declines. Compared with younger
subjects, older subjects committed more task errors and had a
harder time concentrating [38]. This may have led to a better
discriminative validity of the VSP among individuals over 85
years of age. This finding indicates that our VSP has a wider
range of uses and is suitable for older adults of different ages.

Associations Among V SP Scor es, Age, Education, and
Neuropsychological Testing

VSP scores were negatively correlated with age, which is
consistent with the work of Chua et al [37,39]. Considered a
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task involving multiple demands, the VSP was formed by a
series of activities consisting of goals during its execution, and
it requires activation and cooperation of multiple cognitive
domains [40]. The older the subjects, worse the VSP
performance and scores. There was no correl ation between VV SP
scores and education level. The literature is not conclusive
regarding the impact of education level on cognition [41,42].
The VSP that was developed and designed in this study was
suitable for older adults with different educational levels and
wasintended to have wide applicability. Thetasks closely reflect
to the habits of older adults, and successful performance does
not necessarily depend on education. Kang et a [43] did not
report an effect of education levels among older adults with a
multiple-order VR task for neuropsychological assessment.

Thetotal V SP performance scores showed a moderate positive
correlation with MM SE scores (r=0.429, P<.001) and a strong
positive correlation with MoCA scores (r=0.645, P<.001). The
correlation between VSP scores and MoCA scores was
significantly higher than that between V SP scores and MM SE
scores, which was consistent with our expectation. The VSP
used in this study was specifically developed for detecting MCl,
and the design of VSP mimicked the MoCA scale. Research
has shown that the MoCA scale has more advantages than the
MMSE scale in detecting visual executive dysfunction [44].
Therefore, the correlation between V SP and MoCA scores may
be stronger than that between VSP and MMSE scores. In
addition, athough the MMSE has a modest specificity for
screening MCl, its sensitivity for screening MCl islow, and the
capacity to detect MCI converters is poor [28]. This outcome
isconsistent with that of Oliveiraet al, who also showed aweak
correlation between MMSE scores and performance in VR
research [39]. Chan et al [45] and Chuaet al [37] a so conducted
correlation analyses with MoCA scores when verifying the
screening application for MCI, which they had devel oped, and
showed strong correl ations between the measures.

Clinical Implications

Our findings provide preliminary evidence that the VSP can be
used for MCI screening in Chinese communities and nursing
homes, providing a more convenient, concise, and effective tool
for MCI screening in China. We introduced severa short
activities based on VR to assess different cognitive domains,
rather than using a single game, which alowed us to assess
impairmentsin the major cognitive domains. The subjectswere
screened using shopping tasks based on the abovementioned
cognitive domains. After completing the task, the obtained
scoreswere compared with the cutoff value of 46.4, which could
preliminarily screen whether the subjects had MCI. This
screening program could provide rapid screening in Chinese
communities and nursing homes. It expands this new method
of screening for MCI and provides new ideas and methods for
the development of MCI screening software in China. In
addition, compared to traditional neuropsychological tests, the
V SP has an automatic scoring function and allows data to be
extracted and interpreted more easily. The VSP has other
advantages, including administration cost savings and better
ecological relevance, and is suitable for unsupervised usein a
home or clinical setting. We observed that owing to the visual
content and interaction style through VR, most subjects found
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the task more interesting than traditional screening tools and
were more willing to take the test. Yun et a [46] a so reported
elderly people's interest in VR. Implementation studies are
needed in the future to evaluate itsrollout in clinical practice.

Study Limitations and Future Research

There are severa limitations in the study, which limit the
generalizability of the results. First, subjectsin the MCI group
were older than those in the healthy control group, which may
have affected their performance. Age is an important factor in
cognition. To further evaluate the use of VSP in cognitive
assessment, demographic data matching and expanding the
sample size can be incorporated in future studies.

Second, even if some of the subjects had previously used a
computer, many of the subjects had limited familiarity with new
technologies, particularly computer equipment and operations.
Oliveira et a [39] showed that experience with the computer
was hot arelevant predictor for any of the models investigated.
We also need to further verify the impact of new technology on
the ability of older adults to engage in the task.

Third, the correlations between V SP subtests assessing specific
cognitive domains and existing neuropsychological tests that
assess the same domains were not verified. In future research,
we need to verify the correlation between the two to verify the
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feasibility of VSP subtests for assessing specific cognitive
domains.

Owing to technical limitations, this study did not verify the
feasibility of the time to complete the VSP in screening for
MCI. In the future, it will be necessary to improve the
assessment technology of V SP stay time in each area to verify
the feasibility of the total time of VSP to detect older adults
with MCI. In addition, we need to further verify the retest
reliability of the VSP in future research. We tested the VSP
again amonth after thefirst test, but the community and nursing
home were closed owing to the COVID-19 pandemic, and we
could not enter and leave freely. Finally, only nine subjects
were retested on the VSP. In the future, it will be necessary to
further expand the sample size to verify the retest reliability of
the VSP.

Conclusions

TheV SPwedesigned in this study isacomputerized application
running on acomputer to identify MCI. Thisstudy demonstrated
the feasibility of the VSP in distinguishing between MCI and
healthy adults among older Chinese adults. The results of this
feasibility study are invaluable. Future studies should focus on
testing and validating longitudinal data for the ability to track
the progression of cognitive decline.
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