Shiraz E-Med ]. 2023 June; 24(6):e137241. https://doi.org[10.5812/semj-137241.

Published online 2023 July 23. Systematic Review

Digital Cognitive Tests for Dementia Screening: A Systematic Review

! Mahnaz Hamedan 2, Alireza Mohammadnia? and Abdollah Mahdavi ©2"

'Department of Health Information Management, School of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran
?Health Information Management, Department of Health Information Management, School of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran
3school of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran

Masoud Amanzadeh

‘Corresponding author: Health Information Management, Department of Health Information Management, School of Medicine, Ardabil University of Medical Sciences,
Ardabil, Iran. Email: a.mahdavi@arums.ac.ir

Received 2023 May 01; Revised 2023 June 11; Accepted 2023 July 05.

Abstract

Context: The number of people with dementia is increasing dramatically. With the outbreak of the COVID-19 pandemic, digital
screening tests can play a significant role in the remote and timely detection of people with dementia. This study aimed to review
digital cognitive tests for dementia screening.

Methods: We searched Web of Science, ProQuest, PubMed, Scopus, and Cochrane using related terms such as “dementia,” “mobile,”
“digital,” “computer,” and “cognitive assessment,” leading to the emergence of 1,348 articles. Titles, abstracts, and full texts were
screened to select the relevant articles based on inclusion/exclusion criteria. Study characteristics and digital test features such as
diagnostic performance and deploying platforms were extracted from selected articles. The risk of bias and reporting quality were
evaluated in the included studies.

Results: Out of 1,348 identified articles, 32 were eligible for inclusion. We categorized digital cognitive tests into 3 groups based on
deploying platforms: (1) Mobile-based screening tests (59.5%), (2) desktop-based screening tests (28%), and (3) web-based screening
tests (12.5%).

Conclusions: Digital cognitive tests, especially mobile-based screening tests, facilitate the timely diagnosis of dementia. The
development of Al-based screening tests and the use of technologies such as virtual reality and chatbots will set a bright future

”«

in the early detection of dementia.
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1. Context

As the population ages, the number of people with
dementia increases dramatically. Consequently, it imposes
enormous health and economic problems on societies
(1, 2). More than 55 million people live with dementia
worldwide, with nearly 10 million new cases yearly. As
the proportion of older people in the population is
increasing in nearly every country, this number is expected
to rise to 78 million in 2030 and 139 million in 2050 (3).
Timely diagnosis of dementia is important in treating and
managing the disease. Early detection provides access to
the right services and support. It also helps people manage
their condition, plan for the future, and live well with
dementia (4-7).

Cognitive assessment is one of the methods for
early detection of dementia (8-10). Various tests, such

as Mini-mental State Examination (MMSE) and Montreal
Cognitive Assessment (MOCA), have been developed to
assess cognitive functions and screen for dementia. These
tests are mostly used because they are non-invasive,
efficient, and cost-effective approaches to diagnosis
(7, 8, 11-14). Studies showed that cognitive tests have
good diagnostic accuracy for detecting dementia (15,
16). Therefore, paper-based tests are almost always
used in healthcare organizations (17). The conventional
paper-based cognitive tests accurately detect dementia
but have some limitations. One of the most important
limitations of these tests is that their administration,
interpretation, and documentation require
considerable time from the healthcare provider (2,18, 19).

scoring,

Digital technology transforms traditional pencil
and paper approaches to cognitive testing into more
objective, efficient, and sensitive methods. Digital or
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Table 1. Search Terms

Query Operator
Group 1(technology) Computer* OR Cell phone* OR Mobile OR Handheld OR Application* OR Health OR m-health OR android OR iPad* AND
OR iPhone* OR Mobile device OR Phone* OR App OR PDA OR Smart phone* OR Smartphone* OR Tablet* OR Cellular
phone* OR Telephone* OR Internet OR Software OR Electronic* OR Digital OR CDSS OR Clinical decision support
system OR CAD OR Computer aided OR Computer assisted OR Decision support
Group 2 (disease) Dementia OR Cognitive dysfunction OR Cognitive impairment* OR Cognitive decline* OR Neurocognitive disorder AND

Group 3 (screening)
ORTool

Assessment OR Screening OR Diagnosis OR Detect* OR Identify OR Identification OR Test OR Battery OR Batteries

computerized cognitive tests have different advantages,
such as enhanced scoring accuracy, immediate automated
scoring and interpretation, easy access to tests by
healthcare providers, availability of several alternative
tests, and the possibility of using the test by individuals
in a selfadministered manner (19-21). With the outbreak
of the COVID-19 pandemic and accompanying various
social restrictions such as social distancing measures,
remote service delivery has accelerated (22). In the current
situation, digital screening tests for assessing cognitive
functions can play a significant role in the remote and
timely identification of people with dementia. These
tests can be used by healthcare providers and even by
individuals. Therefore, this study aimed to review digital
cognitive tests for dementia screening.

2. Methods

2.1. Data Resources and Search Strategy

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) principles (23). We searched
five electronic databases (ProQuest, Cochrane, PubMed,
Scopus, and Web of Science) using search terms for
relevant articles from inception to June 2022. Search terms
were categorized into 3 groups (Table 1). To combine search
terms, we used the OR operator within each group and the
AND operator between the groups.

2.2. Inclusion and Exclusion Criteria

To select the relevant articles, inclusion/exclusion
criteria were determined. The inclusion criteria
included peer-reviewed articles, original articles, full-text
availability, studies related to dementia diagnosis,
studies using digital tests for dementia diagnosis, and
studies reporting on the psychometric characteristics

of the measure, including reliability and validity

indices. Non-English articles, review articles, studies
on other cognitive disorders, and articles that only
used paper-based tests were excluded. After eliminating
duplicate studies, two raters (MA and AM) screened the
titles, abstracts, and full texts of the articles based on the
specified criteria. Finally, they chose the relevant articles.
Disagreements between raters were resolved by the third
author (MH).

2.3. Data Extraction

Two investigators (MA and AM) independently
extracted data from studies. The data included: (1) Sample
size, (2) name of the tests, (3) country of the study, (4)
type of the disease, (5) administration time, (6) diagnostic
accuracy, (7) test validity, (8) type of the platform, and
(9) cognitive domains of the test. The third author (MH)
resolved the disagreement between the raters.

2.4. Risk of Bias and Quality Assessment

Two raters (MA and AM) independently assessed the
potential risks of bias in selected studies using the
QUADAS-2 (Quality Assessment of Diagnostic Accuracy
Studies) tool, which include 4 key domains: (1) Patient
selection, (2) index test, (3) reference standard, and (4) flow
and timing (24). In addition, the quality of the studies
was assessed by an ad hoc scale (Table 2) designed by
adapting the STARD statement (Standards for Reporting of
Diagnostic Accuracy) and the scale used by Chan et al. (25,
26). This scale includes 8 domains, as follows: (1) Study
population, (2) selection of participants, (3) procedures to
run the index test, (4) reference standard, (5) cognitive
domains, (6) evaluated diseases, (7) test validity, and (8)
diagnostic accuracy. The score of each domain ranged
from O to 3, and the total score was between 0 and 24. Two
raters independently evaluated the quality of the selected
studies using the designed scale. Any disagreements were
resolved by the third author (MH).

Shiraz E-Med |. 2023; 24(6):e137241.



Amanzadeh M et al.

Table 2. Quality Assessment Scale

Domains

Details

Scores

Study population
Selection of participants
Procedures of data
collection

Reference standard
Cognitive domains

Evaluated diseases

Reliability of test

Diagnostic performance

Definition of the study population and details of participant recruitment

Sampling

Explanation of the digital cognitive test and procedures of data collection

Explanation of reference standard and its rationale

Assessment of cognitive domains, including memory, attention, language, executive
functions, orientation, and calculation

Evaluated diseases by digital cognitive test, including dementia, MCI, Alzheimer’s
disease, and other types of dementia

Number of standard cognitive tests used to measure reliability

Calculation methods of diagnostic performance (criteria for diagnostic performance

0=No data1="Poor;2=Moderate; 3=
Strong

0=Nodatal= < 50 participants;2=50 to
200 participants;3 = > 200 participants

0=No data1=Poor;2=Moderate;3 =
Strong

0=No data1=Poor;2=Moderate;3 =
Strong

0=Nodata1=1domain;2=2domains;3=
> 3 domains

0 =No data; 1=1type of disease; 2 =2 types
of disease;3=> 3 types of disease

0=Nodata1=1test;2=2tests;3=> 3tests

0 =No data;1=1criteria; 2 =2 criteria; 3= >

such as sensitivity, specificity, and accuracy)

3 criteria

3. Results

3.1. Study Selection

Figure 1 illustrates the study selection process. A total
of 1,348 articles were identified from electronic database
searching. After reviewing the titles and abstracts of
the articles and excluding 1,270 duplicates and irrelevant
articles, 78 studies were obtained for further eligibility
assessment. After reviewing the full text of the articles, 32
were eventually selected.

3.2. Study Characteristics

According to the investigations, 32 articles were
published between 1994 and 2021. America with 14 articles,
Japan with three articles, Korea with two articles, and other
countries with one article each appeared in the results.
The total number of participants in the studies was 38,429
people with an age range of 50 to 85 years. Twenty-three
studies evaluated the diagnostic performance of digital
tests for patients with dementia, 22 studies evaluated the
diagnostic performance of digital tests for patients with
mild cognitive impairment (MCI), 8 studies evaluated
the diagnostic performance of digital tests for patients
with Alzheimer’s disease, and one study evaluated the
diagnostic performance of digital tests for patients with
vascular dementia. The risk of bias in the included articles
was evaluated by QUADAS-2 (Appendices 1 and 2 in the
Supplementary File). Seven studies (21.8%) were assessed
as having a high risk of bias on flow and timing, 6 studies
(18.7%) as having a high risk on the index test, and 2 studies
(6.2%) as having a high risk in the reference standard.

Shiraz E-Med ]. 2023; 24(6):e137241.

Different platforms were used to create digital
dementia screening tests. Thus, based on the operating
platforms, we classified the studies into three groups: (1)
Mobile-based screening tests, (2) desktop-based screening
tests, and (3) web-based screening tests.

3.3. Mobile-based Screening Tests

Nineteen articles investigated mobile-based screening
tests (Table 3). Eight tests were developed based on
existing neuropsychological tests. Nine tests were new and
innovative cognitive tests. The CAMCI test was previously
desktop based, which has become a mobile-based test. The
CADi2 test is an improved version of CADi.

In 17 studies, the results of mobile-based tests were
compared with the results of paper-based tests to measure
the validity of the tests. Also, MOCA (nine cases) and
MMSE (six cases) had the highest frequency among other
paper-based cognitive tests.

According to the quality assessment results (Appendix
3 in the Supplementary File), the qualitative scores of
the studies were between 12 and 23. The studies on the
BHA, CST, CAMCI, EC-Screen, BrainCheck, and CADi2 tests
received the highest quality scores in sequence.

Various statistical criteria investigated the diagnostic
performance of mobile-based tests in dementia screening.
Sensitivity and specificity criteria were used in 11 studies.
The BHA and CADi tests had the highest sensitivity,
with 100% and 96%, respectively, and the e-CT and
eSAGE tests had the lowest sensitivity, with 70.04% and
71%, respectively. Regarding specificity, the VSM and
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Figure 1. PRISMA flow diagram
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The ability to differentiate the

v

52 (HC=22,MCI=27)

N=

45-60

Mindstream

(58)

groups with statistical significance

Abbreviations: MITSI-L, Miami Test of Semantic Interference and Learning; Co-Wis, Computer-Based Dementia Assessment Content; CNS-VS, CNS Vital signs; HC, healthy control; MCI, mild cognitive impairment; AD, Alzheimer's disease;

D, dementia; SNSB, the Seoul Neuropsychological Screening Battery; SN, sensitivity; SP, specificity; ACC, accuracy.

years compared to other platforms. Koo and Vizer have also
acknowledged this in their study (10). Recent advances in
technology, the expansion of smartphones, and the unique
capabilities and advantages of this technology, such as
portability, ease of access, and user-friendliness, have led
to the design of most tests based on mobile phones. Mobile
technologies make it possible for the elderly to access these
tests outside of medical centers, even at home or in their
workplaces (45). This possibility makes the tests easier
to access and provides more usability. In addition, the
technology of touch screens in smartphones and tablets
facilitates and accelerates the entry of information, which
makes it easy for the elderly to perform these tests even
though they have fewer computer skills (59). Due to the
advantages of touch technology, in some desktop-based
tests, this technology has also been used to facilitate
information entry (46, 47, 52). Using a digital pen was one
of the technologies used in 2 tests (53, 54).

The validity of dementia screening tests is an essential
component of the designed tests’ acceptability (60).
Accordingly, the validity of the test was measured in nearly
72% of the studies. Tsoy et al. obtained similar results in
their review study (61). In order to measure the validity,
the researchers used conventional paper-based tests. The
MOCA and MMSE tests were used more than other tests. In
most cases, the results showed a high correlation between
digital and standard paper-based tests.

The reviewed tests were often developed based on
paper-based neuropsychological tests; only 38% were
innovative and new. Digitalizing existing cognitive tests
seems more acceptable and reliable than innovative tests
among physicians. The electronic version of paper-based
tests can overcome the limitations of the paper version
and offers various advantages. These include ease of access,
increased test usage, faster administration and reduced
costs, automatic score calculation, and immediate access
to test results (44, 56, 62). However, when paper-based
tests are converted into electronic forms, it is possible
to get different results because by making the test
electronic, fundamental changes occur in how the test
is conducted, especially in self-administered tests, which
can affect the obtained results. Therefore, conducting
necessary assessments and investigations in this field is
recommended. Ruggeri et al. obtained different results
from the two electronic and paper versions of the test.
The researchers stated that even when the paper test is
directly translated, mobile-based tests require training
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and development of new standards because they should
match the elderly population with different skills and
familiarity with mobile technologies (63).

The length of administration is one of the
important factors that significantly impact its efficiency,
effectiveness, and acceptability (64). According to the
results, administration time in 38% of reviewed tests
was less than 10 minutes. However, it should be noted
that in addition to administration time, other important
factors, such as diagnostic performance and the number
of cognitive domains, are also influential in the efficiency
of a test. For example, the administration time of the e-CT
test was 2 min, but it assessed only one cognitive domain
and had a low diagnostic accuracy (29).

Most of the reviewed tests, especially the mobile-based
tests, were self-administered. Self-administration requires
less examiner involvement in performing and calculating
the test, making it easier to access and facilitate the
cognitive assessment. Also, if integrated with health
information systems, this capability can effectively
receive the necessary recommendations from healthcare
providers and telecare (65).

The diagnostic performance of tests in dementia
screening is one of the main factors that play an important
role in their efficiency. Tests with high sensitivity and
specificity are more acceptable. In disease screening,
sensitivity is more important than specificity, so tests
with high sensitivity can be more suitable for dementia
screening. For example, the BHA test had 100% sensitivity
(28). It seems that this test can be the best option for
dementia screening. The method and quality of the study
on tests can affect the results. To ensure the quality and
accuracy of the reported results, we examined studies from
various aspects, including the number of participants and
cognitive domains. The results of some studies in which
the tests had high diagnostic power were also qualitatively
favorable (28, 50, 51).

Often, studies evaluated the diagnostic accuracy of
digital tests for patients with MCI. Some of these tests,
such as BHA, had obtained acceptable results even in the
diagnosis of MCI (28). However, in all these cases, the
diagnostic accuracy of the test was lower in diagnosing
MCI than dementia. Developing digital tests to diagnose
MCI can be very effective in early detection and better
management of cognitive disorders, especially dementia.
Consequently, researchers have always been working in
this field, especially in recent years.

In some reviewed studies, the authors used virtual
reality and machine learning techniques for cognitive
testing (30, 42, 53). The application of new technologies,
such as virtual reality, the Internet of Things (IoT), and
chatbots, along with the development of intelligent
cognitive tests, offers numerous opportunities.

4.1. Conclusions

Digital cognitive tests, especially self-administrated
mobile-based tests, can effectively facilitate the screening
and timely diagnosis of dementia. These tests can play
an important role in remote cognitive assessment and
diagnosis of dementia during the COVID-19 pandemic and
similar situations. In addition, digital cognitive tests
can contribute to successfully implementing a national
dementia screening program.

Diagnostic performance, administration time, ease
of use, especially for the elderly and people with low
computer and health literacy, ease of access, and the ability
to communicate with healthcare centers and receive
advice from healthcare providers are important factors
that influence the acceptability and efficiency of digital
tests. Therefore, in developing digital tests, attention must
be paid to these factors.
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Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
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