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Various monitoring technologies are being developed to prevent potential
complications among older adults with cognitive impairment and improve their
cognitive function. This scoping review identified gaps in the development of
monitoring-technology devices for cognitive health status and highlights areas
that require further inquiry. This study used the Joanna Briggs Institute (JBI)
and the PRISMA extension for the checklist for scoping reviews using the
eligibility criteria recommended by Population, Concept, and Context (PCC)
framework. The study population included adults aged 65 years and above,
while the concept and context are monitoring-technology devices utilized in
detecting and caring for an older adult with cognitive impairment. Three electronic
databases (Medline, Scopus, and Web of Science) were searched, and a total of 21
articles met the selection criteria. Several innovative technology-based devices
for screening, assessing, detecting, and monitoring the interventions for older
adult cognitive impairment and for family caregivers to ensure the continuity of
care were established. Monitoring devices are useful in promoting older adult
safety, improving their quality of life by enabling them to live independently
for a longer period, and improving their mental wellbeing to help reduce
the burden on caregivers by providing them with information concerning the
activities of older adults. Moreover, studies have shown that older adults and
their caregivers can learn to use these devices effectively and comfortably with
proper education and training. The results of this study provide crucial insights into
innovative technologies that can be used to assess cognitive health among older
adults, which could substantially improve their mental health, and this baseline
information can be used for supporting public health policy and enhancing their
quality of life.
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1. Introduction

The population of older adults has been substantially increasing worldwide (1). In 2019,
over one billion older people were reported to be aged 65 years and above, and by 2030, this
number is estimated to increase to 1.4 billion (2). In Asia, particularly in South and Southeast
Asia, Latin America, and the Caribbean, a rapid increase in the aging population has been
observed, which is evidenced by an increase in the percentage of older people from 6% in
1990 to 11% in 2019 in East and Southeast Asia, while it was 5% in 1990 and 9% in 2019 in
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both Latin America and the Caribbean (1, 3). Progressive decline
in cognitive domains is a common phenomenon associated with
aging; however, a substantial decline can also lead to cognitive
impairment (CI). Patel and Singh (4) pointed out that older adults
are more susceptible to CI, other neurogenic health conditions, and
symptoms associated with aging, which can negatively affect their
activities of daily living and quality of life (5).

Monitoring-technology devices are particularly important for
older adults to assess and detect both their cognitive and functional
statuses, as they can help them to evaluate their overall health
condition, maintain their independence, and improve their quality
of life (4-18). Currently, several technology devices are being
developed to monitor the health problems of older adults,
including CI (6-9). Some of the currently available monitoring
technologies are telerehabilitation (7), smart aging systems (8),
monitoring systems (9), wearable sensor-based sensors (10),
cognitive and training apps (11), virtual cognitive health (12),
intelligent home monitoring systems (13), technology-enhanced
multi-domain (14), and high-performance eye-tracking technology
(16). Specifically, assistive technology devices, such as wearable
sensors for monitoring sleep, utility, usage, motion, and presence,
have also been used as home monitoring systems for supporting
older adults with CI (12). Other researchers designed psychosocial
interventions based on the data obtained from the assistive
technologies used to enhance the cognitive functions of the
patients, which further enabled clinicians to identify interventions
appropriate for them (13). A recent study described that the use
of a wearable inertial sensor as an alternative for screening CI
indicated that cognitive impairment could be observed in daily
walking activity, particularly by reducing the walking speed, length
of stride, and stability (10). In addition to the use of wearable type
of sensors, transforming the homes of older adults with dementia
into smart homes for activity recognition and anomaly detection
has been carried out by previous researchers (6, 8). Bonnecheére
etal. (11) reported that, other than sensors, cognitive mobile games
(CMG) ca also be used for enhancing the cognitive performance
of older adults. Internet-delivered lifestyle interventions were also
effective in delaying the progress of Alzheimer’s disease (12).
Another approach for improving their cognitive performance is
by implementing the Ability Program, a “Technology-enhanced
version of the home-based usual care program” (TAU). This
program can assess the individual’s quality of life, thus making the
work of healthcare professionals during the rehabilitation phase
easier (14).

Additionally, high-performance eye-tracking technology that
records the gaze points of the patients while watching task movies
and pictures is a novel method of diagnosing patients with CI
and dementia (15). The use of the near-infrared spectroscopy
(NIRS) system as an alternative imaging system is also useful in
analyzing brain activation in cognitive disorders (16). Machine
learning techniques such as “Gradient Boosting Machine” (GBM),
an advanced learning algorithm that classifies the collected data
from keystroke patterns and smartwatches attached to older adults,
can categorize the severity level of CI with more than 94% accuracy,
which could subsequently help in the prediction of CI (17). The
advent of recent technologies can be considered a huge milestone
in improving the mental health wellness of older adults to enable
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them to live independently and achieve an optimum level of
functioning. It is also worth noting that these devices can greatly
enhance older adults’ safety, improve their quality of life and
wellbeing, achieve their optimum functions, and reduce the burden
on caregivers.

Meanwhile, there is a growing interest in the academic research
area toward the prevalence of CI among older adults and the
potential benefits provided by monitoring-technology devices for
improving their daily activities, social behaviors, and mental
wellbeing (16-20), which further promote safety and mobility.
It is worth considering the fact that caring for older adults
with CI has remained a challenge for healthcare professionals in
recent years (18, 19). For example, one recent study reported
that nurses face difficulties while performing physical assessments
for older adults with CI compared to when performing them
for other patients due to the former’s responsive behaviors (e.g.,
restlessness, yelling, and hitting), which takes more time and
effort to assess (18). The changes in behavior, the use of several
medications, and the occurrence of comorbidities in older adults
with CI have made the delivery of medical and nursing care
even more complicated (20). Moreover, the implementation of
technology in the care of older adults with CI required technical
knowledge throughout its implementation; however, the fact that
older adults faced difficulties in accepting and getting used to
the technology was also reported (18). Despite these challenges,
several studies have reported that the use of technology-assisted
devices play a crucial role in caring for older adults with CI,
as they provide safety, security, medication management, and
monitoring of daily activities, which contributed to improved care
and quality of life (7, 21-23). Although several studies reported
the importance of these devices in healthcare, there is no review
article of sufficient scope that outlines technology devices and their
care management.

Therefore, this study identifies the current research evidence
on monitoring-technology devices for older adults with CI,
including different devices, their effectiveness, acceptability, and
limitations. The results are crucial for healthcare professionals and
policymakers in making healthcare decisions concerning the use of
these devices in both clinical and community settings.

2. Methods
2.1. Design

This scoping review used the “Joanna Briggs Institute” (JBI)
(24) and the “PRISMA extension for scoping reviews” (PRIMSA-
ScR) (25) (Figure 1). The eligibility criteria were defined using
the Population, Concept, and Context (PCC) framework (24).
The study population for this review comprised older adults who
are 65 years old and above. Studies involving the utilization
of monitoring-technology devices in caring for older adults
with cognitive impairment were selected. Specifically, full-text
manuscripts concerning screening devices related to cognitive
impairment and published in the English language were included.
The exclusion criteria were as follows: the presence of non-
cognitive impairment diseases, such as falls, conferences, book
chapters, and unpublished or gray literature.
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2.3. Selection and article analysis

First, all authors assessed the titles and abstracts of 18,260
articles for relevance, and those not meeting the inclusion and
exclusion criteria were removed. The authors removed 6,300
duplicates, references without abstracts, and articles that were not
written in English. The authors then assessed the full text of the
remaining articles against the outlined inclusion and exclusion
criteria, and the final list of the articles to be considered for the
review was prepared. Throughout the entire selection process,
each article was analyzed by three authors, and any disagreement
between the authors was discussed and resolved by consensus. A
total of 21 articles met the inclusion criteria (Figure 1).
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3. Results

A total of 21 articles were included in this study and were
published between the years 2008 and 2022 (Table 1). The majority
of the included studies were conducted in the United States
(12, 26-28, 30) (n = 5), followed by China (n = 5) (10, 16,
27, 34, 37), Italy (n = 3) (14, 29, 33), and South Korea (n =
2) (17, 34). One article each was conducted in Greece (n =
1) (13); the United Kingdom (11); Japan (15); Thailand (32);
Sweden (6); and Australia (36). Specifically, 14 studies developed
a system/technology that recruited various types of respondents.
Specifically, six studies focused on older adults with mild CI,
AD, and dementia (10, 13, 14, 16, 29, 34), two articles focused
on comparing healthy older adults and those with mild CI (15,
30), five studies focused on older adults in general (11, 12,
17, 28, 32), one study included college students and certified
professional controllers as respondents for the optical brain-
monitoring technology (37), and the remaining three studies did
not specify any respondent (4, 26, 37).

The experimental design was employed in most of the sampled
articles using randomized controlled trials and comparing groups
of participants including data from developed devices. Five of the
21 sampled articles were systematic and integrative review studies
that summarized the current evidence on the advantages of artificial
intelligence (AI), smart home installations, the use of functional
near-infrared spectroscopy, and smartwatch applications in aiding
patients with CI (4, 6, 27, 33). The sampled articles covered
various aspects of technology and CI and are presented under
three subtopics.

3.1. Novel method for the assessment and
screening of cognitive impairment

Previous research has shown that a high-performance eye-
tracking technology is a good diagnostic procedure for detecting
mild CI and dementia. It was demonstrated that, when the
respondents were asked to view the short clips of movies and
images, their eye-tracking score correlated well with the scores of
neuropsychological tests (15). Wearable sensors (which are used for
walking) may also be an alternative approach for screening CI, as
it has been found that reduced speed, stride length, and stability
when walking are more common among mild CI patients (10). A
new assessment method called Survey for Memory, Attention, and
Reaction Time (SMART) was found to show fair to excellent test—
retest reliability, and it can be used to monitor cognitively healthy
and older adults with mild CI (30). In another study, mobile apps
were utilized for brain training, and it was found that the cognitive
mobile score of patients decreased as age increased (11).

In a separate study, another approach was used to determine
the severity of CI, that is, by measuring the performance of
patients with dementia and mild CI in activities of daily living
(ADL), wherein the researchers reported that the group comprising
dementia patients showed the lowest proportion of success in
ADL (38). Non-invasive near-infrared spectroscopy was also found
to be a useful tool for assessing the activation of the brain in
cognitive disorders, since a previous study showed that those
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with mild CI have reduced activation in their left temporal,
left frontal, and right superior frontal lobes (16). A study also
reported that keystroke patterns and physical activity data of a
person with CI could be used to differentiate cognitive severity
levels through a proposed Gradient Boosting Machine (GBM), an
advanced learning algorithm (17). The same concept was used in a
study where Alzheimer’s disease (AD) was diagnosed through the
Internet of Things (IoT) monitoring system and a deep learning
classification model (37).

3.2. Use of technologies in monitoring
systems

Concerning the usage of technology in monitoring, one study
in Thailand developed a tracking system with the use of multiple
technologies that can track activity and information in indoor and
outdoor environments of older adults in real-time and was able to
send alerts displayed in a spatial format, and it can also act as a
messaging device in case of emergency (32). The development of
a sensor-based system was also able to improve sleep and support
the daily living of people with AD (35). A concept article proposing
a prototype of a smart textile was created to monitor the behavior
of patients, and according to the researchers, data logging systems
can be installed (including music and games) to keep the patient
entertained (36). The installation of assistive technology devices,
such as sensors, in the homes of older adults with dementia was
found to be effective in providing sufficient data that could be
used for planning interventions suitable for the patient and for
supporting clinicians (13). In another study, repetitive transcranial
magnetic stimulation in the dorsolateral prefrontal cortex was able
to restore damaged cognitive function among AD patients (29).

3.3. Programs and interventions designed
for improving the lives of older adults with
cognitive impairment

A previous study has shown that the Ability Program, with
an ongoing trial status, involves enhancing the effectiveness of
a home care program with the integration of technology. This
intervention was applied continuously for a period of 6 weeks,
and it is anticipated that the program can improve the cognitive
function of older adults with mild AD and mild CI (14). Training
older adults using tablet computers was also found to enhance their
cognitive domain when compared to performing social or non-
challenging activities (28). Participants with memory impairment
who enrolled in the intervention for a healthy diet, cognition,
exercise, and sleep revealed that remote intervention could be a
suitable solution for delaying the progress of AD (12).

4. Discussion

The studies included in this scoping review were analyzed to
identify which technology is most frequently studied and developed
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TABLE 1 Studies included in the scoping review.

References/country

Ayaz et al. (26)/USA

Functional variable
(operationalization) Device

Functional near infrared spectroscopy (fNIRS)

To determine the reliability of fNIRS in
monitoring brain skill acquisition and task
performance

Data collection and analysis

The study described various studies that used
fNIRS

Findings

Results revealed that a portable, wireless
fNIRS system is reliable in monitoring
the cognitive brain and working
memory training

Ayaz et al. (27)/USA

Functional near infrared spectroscopy (fNIRS)
Continuous wave fNIRS system

To assess the: 1) “Mental workload of operators
performing standardized (n-back) and complex
cognitive tasks (air traffic control—ATC)”

2) Development of “complex cognitive and
visuomotor tasks (piloting Unmanned

Air Vehicles—UAV)”

Respondents were asked to complete two tasks:
1) A “visual identity nback and two types of ATC
tasks.” The n-back task was a standardized
working memory and attention task with four
incremental levels of difficulty

2) “Normalization by linear modeling. A
personalized model was developed based on the
fNIR responses for the standardized task to
quantify the responses measured during

ATC tasks”

fNIRS measures are sensitive to mental
task load and cognitive and visuomotor
systems, and can monitor hemodynamic
changes that are related cognitive
workload

Bonnechere et al.
(11)/United Kingdom

Applications that train the brain in the form of
cognitive games

Analyze the game scores and the processing speed
of adults aged 60-80 years and above

The researchers first identified the number of days
needed in order to perform all sessions, and the
first session of brain training was analyzed in
order to determine the influence of age on their
initial score of the cognitive games. The difficulty
level of the game was increased to determine the
processing speed of the adults

In terms of the initial CMG scores, it
decreases along with increasing age of
participants

When the difficulty of the game was
increased, it revealed that in word pairs
game, all age groups decreased in
processing speed. In square numbers
and the other remaining games, the
processing speed increased but the score
while the processing speed increased is
observable among younger participants

Bott et al. (12)/USA

None

To assess the baseline characteristics of the
participants in the VC health study

Participants underwent a baseline survey and then
attended the Virtual Cognitive Health program.
Online assessment was done at 12, 24, and 52
weeks

At baseline, patients were found to have
mild levels of anxiety and depression
and minor subjective cognitive
impairment

Chan et al. (28)/USA

Training with the use of tablet computers

The findings of the study indicated that there was
a significant increase in cognitive performance
and episodic memory among participants who
underwent iPad training compared to the other
groups

An experimental design comprised different
groups. One group of patients underwent training
using iPad intervention; another group engaged in
passive tasks with less new learning; and a final
group had regular social interaction but no active
skill acquisition. Then cognitive and psychological
pretests and posttests were compared

Results revealed increased improvement
for cognitive performance and episodic
memory using iPad training compared
to other groups

Chimamiwa et al. (6)/Sweden

None

To determine whether smart homes are adequate
among older adults with dementia

The researchers surveyed the literature and
existing works on detecting anomalies and activity
recognition for Older adults with dementia
(OAwDs). They also pointed out its transition
within the stages of dementia and then presented
some challenges that are essential to be addressed

The researchers presented the
capabilities of smart homes and the
stages of dementia, and justified why
habit recognition in smart homes is
essential for adults with dementia

(Continued)
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TABLE 1 (Continued)

References/country

Cottelli et al. (29)/Italy

Functional variable
(operationalization) Device

Repetitive transcranial magnetic stimulation

Assessed the effect of repetitive transcranial
magnetic stimulation applied to the dorso-lateral
prefrontal cortex on picture naming in 24
probable AD patients with different degrees of
cognitive decline

Data collection and analysis

Experimental design with two groups:

1) mild and 2) moderate to severe cognitive

impairment based on Mini-Mental State

Examination

e Groups were instructed to sit in front of a
computer and were tasked to name the picture
as quickly as possible while a high-frequency
repetitive transcranial magnetic stimulation was
attached to the left and right dorsolateral
prefrontal cortex (dIPFC)

Findings

Results found that after repetitive
transcranial magnetic stimulation, the
performance of patients suffering from
severe cognitive decline improved in
naming the object

Korea

and differentiate the cognitive impairment
categories of severe, moderate, mild, and normal
by analyzing neurophysical and physical data

the keystroke patterns and the physical data of the
older adults. They also underwent a session to
answer a questionnaire where the MMSE score
was produced in order to indicate cognitive
impairment

Dorociak et al. (30)/USA None To evaluate the convergent validity of a web-based | Participants were grouped into two: 1) cognitively Results showed the group with mild
cognitive assessment tool and the implementation intact and 2) diagnosed with mild cognitive cognitive impairment had lower
of the Survey for Memory, Attention, and impairment, and completed four cognitive tasks neuropsychological test scores
Reaction Time (SMART) for older adults such as visual memory task, trail making test, and compared to the cognitively intact
Stroop color word interference task using a group. Moreover, time to complete each
computer tablet at home. They were assessed using | test item was significantly higher for the
neuropsychological tests and other functional MCI group
assessment measures SMART tasks were found to be strongly
related to the status of cognition, and
the outcome measurement illustrated
fair to excellent test-retest reliability
Hossain et al. (17)/South None To develop a machine learning model to detect Keystroke and smartwatches were used to identify Results showed that the model was able

to detect varying levels of cognitive
impairment (normal, mild, moderate,
and severe) CI with accuracy of 94.8%

Niu et al. (31)/China

Near-infrared spectroscopy (NIRS) system

To study the spatiotemporal dynamics of
oxygenate hemoglobin during a working memory
task among patients with MCI and healthy
controls

Participants underwent four neuropsychological
tests to assess the general mental status and other
cognitive domains

A blocked periodic design consisting of alternating
0 and 1 back tasks was utilized during the WM
task

Researchers used ETG-400 optical topography
system in order to measure the concentration the
changes in oxy-Hb and deoxy-Hb

During the 0 and 1 back test, the
healthy individuals performed
better ~than the MCI patients
Moreover, MCI individuals illustrated a
decreased activation in the left frontal,
right superior frontal, and left temporal
lobes
o Also, there was changed frontal and
temporal processing during working
memory tasks in the MCI patients

Lazarou et al. (13)/Greece

Novel and intelligent home monitoring system

To design personalized interventions based on
system feedback and clinical observations for
improving cognitive function and health-related
quality of life

Intervention design

Participants underwent a 7-month psychological
intervention based on cognitive and behavioral
limitations (neuropsychological assessment and
the system’s visualizations were introduced)

The monitoring system was installed in the home
of the participants in order assist the independent
living of people with dementia

The system generated the required tools
for clinicians to support and foster the
quality of life of participants through the
use of this assistive technology

The installation of the system improved
the cognitive function and many
behavioral aspects of the participants. It
was also able to reduce anxiety and
improve the performance of the
participants cognitively

(Continued)

1839 LISy

959t TT'$202°Udndy/6855°0T


https://doi.org/10.3389/fpubh.2023.1144636
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

U31eaH dNaNd Ul SI9RUO.4

L0

640°UISI2IUOIY

TABLE 1 (Continued)

References/country

Muangprathub et al.
(32)/Thailand

Functional variable
(operationalization) Device

Tracking system with the use of mobile and
wearable sensors

To develop a tracking system using the integration
of multiple technologies combined with machine
learning to obtain a new older-adult tracking
system that covers aspects of activity tracking,
geolocation, and personal information in an
indoor and an outdoor environment

Data collection and analysis

The system composed of two parts: the wearable
device and the web applications, commands on
wearable devices, and commands on the server as
the software of the system. The participants wear
this device in the right side of their hip

The tracking system was tested among older adults
and was matched with their data who have used
the device

Findings

The tracking device was able to detect
the movement of the older adult, and it
provided real time monitoring and
alerts. The system was also found to
display information in spatial format,
and the participants could use the device
to send messages in emergencies

Cammisulli et al. (33)/Italy

SENIOR (SystEm of Nudge theory based ICT
applications for OldeR) citizens

The SENIOR project was designed to adopt an
advanced information and communication
technology coaching system able to collect and
integrate holistic data from older adults

Randomized controlled trial involving 200 older
adults with CI and evaluated by the
MethoTelemed, a framework methodology to
assess the effectiveness of telemedicine
applications

The SENIOR project develop tools and
protocols that can be useful in the field
of preventive medicine, and clinical
efficiency through data analysis is
evaluated

Lim et al. (34)/South Korea

Internet of Things (IoT) platform

To evaluate the activities of daily living in both
healthy older adults and cognitively impaired
older adults using IoT devices and network
technologies

Participants with MCI and dementia and
cognitively healthy individuals performed a total
of 13 experimental ADL tasks, and the total time
in order to complete the task was evaluated

The group of patients with dementia
had the lowest success proportion
compared to the MCI patients and the
healthy individuals, and their group
required more time to complete the
tasks

Moreover, there was a relationship
between severity of the impairment with
the performance of experimental ADL
tasks, and the assessment of ADLs using
IoTs allowed for an accurate evaluation
of the functional level of the patients

Karakostas et al. (35)/Greece

Sensor-based system with the use of remote web
technologies

To assess cognition, emotion, and quality of life of
patients with mild CI

The monitoring sensor-based system attached in
their homes assessed participant’s ADL
performance

Based on the study, the preliminary
results were positive, indicating
improvement in personal hygiene and
in the number of sleeping hours at
nighttime due to fewer interruptions,
ADLs, lower usage of TV, better
management of personal problems, and
decline of anxiety and depressive
symptoms levels

Realdon et al. (14)/Ttaly

None

To test home-based multidimensional program
technology in enhancing the continuum of care
for mild CI and dementia patients

Patients with MCI and AD were randomized and
grouped, and underwent two separate
rehabilitation sessions. One measured vital
parameters at home through the usual care
treatment program and the other through the
ability program

Assessment was done before the start, at the end of
the session (8 months after), and a follow-up (12
months after the baseline)

The trial was ongoing, but the
researchers of the study hoped that the
Ability program could be as promising
as a usual home procedure in assisting
patients with MCI and AD

(Continued)
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TABLE 1 (Continued)

References/country

Oyama et al. (15)/Japan

Functional variable
(operationalization) Device

High-Performance Eye-Tracking Technology
Eye-tracking system which monitors the gaze
points of the individual through the use of camera
and infrared light sources

To develop a novel brief and practical cognitive
assessment tool utilizing an eye-tracking
technology with mild CI

Data collection and analysis

An assessment using the eye-tracking system was
used which allowed the participants to watch a
sequence of short movies and pictures while their
gaze points were recorded by the eye-tracking
device

The cognitive scores were measured in healthy
individuals as controls, patients with MCI, and
those with dementia

Participants underwent both MMSE and
eye-tracking-based cognitive assessment, and the
correlation was evaluated

Findings

The eye tracking-based cognitive scores
showed a good association with the
scores from the neuropsychological tests
It also showed an accurate
discrimination among patients with
dementia and MCI

Oatley et al. (36)/Australia

The smart textile prototype comprises games and
data logging systems including the physical
computing, components in music playing, and
simple interaction

To produce a hardware system assessing the
behavior of patients with dementia and mild CI

The behavioral patterns were recorded using the
data logging system, and the textile was placed in
the laps of the resident to play, generating a
behavioral profile through the gamification of
cognitive tests

The textile was able to function well
with simple interaction, and its simple
input/output technology can be easily
installed under changing textile layers.
Personalization of the textile was easy
people new to the device

Patel et al. (4)/US

Al technologies

To highlight emerging AI technologies used in the
caring and management of patients with
neurological disorders to evaluate improvements
in overall functional outcomes of patients

The researchers described various forms of Al
used and those that are available to use, including
previous studies, outcomes, benefits, and
limitations

There were various limitations of
artificial intelligence, however, studies
nationwide concluded that this type of
technology had the capacity to enhance
the prognosis of neurological disorders
since it aids in analyzing data in the
medical field, which would be helpful in
preventing, diagnosing, monitoring, and
developing new protocols

Xie et al. (10)/China

Wearable sensors

To characterize gait disorders in patients with
amnestic mild cognitive impairment and to
determine the association between the
performance of the gait function and cognition

Patients with amnestic mild cognitive impairment
and healthy controls were assessed
neuropsychologically. The gait data was collected
through a wearable device

The patients with aMCI had increased
stride time variability, and reduced
walking velocity and stride length
compared with the healthy individuals
The memory and executive function
were associated with stride length and
walking velocity, while stride variability
was negatively correlated with attention,
memory, and executive function

Zhou et al. (37)/China

Internet of Things System (IOT) Diagnosis of
Alzheimer’s disease (AD) based on the Internet of
Things Systems

To evaluate IOT in diagnosing patients with
suspected Alzheimer’s disease

Experimental design with the use of
dimensionality reduction, the formula of
classification problem (in a variety of solutions to
merge the class), and machine learning methods

The new non-invasive technology
screening test interactions, and a new
non-invasive early diagnosis method
enables faster, improve testing and
treatment of patients suspected of
having AD
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to improve the wellbeing of older adults with CI (11-30, 32-
38). Sensor-based technologies were the most common type of
technology studied and were developed mainly for screening and
monitoring CI (6, 8, 32, 35, 36). On the other hand, virtual apps,
such as cognitive mobile games, were found to be the least explored
aspect based on the sampled studies (11). The presumption is
that sensors are the key factors in acquiring specific and relevant
information from older adults with CI even on a completely remote
setup. Various studies have provided evidence that sensors, as the
main feature of a monitoring device, successfully provided a wide
range of data concerning older adults with CI, such as their gait
speed, gait stability, gait stride, geolocation, behavioral change,
anomaly detection, and data regarding other physical activities,
suggesting that it could be one of the most important areas to
explore by researchers (10, 17, 32, 35).

The development of sensors with advanced functions is an
important area of research because the promising results of
these technologies are expected to highly contribute support
not only to patients with cognitive impairment but also to
healthcare professionals. With a rapid rise in the percentage of the
older population becoming affected by the problem of cognitive
impairment, sensors became the most common solution for
helping older adults to live independently (6, 8, 32, 35, 36). When
the sampled articles were also analyzed in terms of their purpose, it
was found that the target individuals for the monitoring-technology
devices were mainly older adults with either healthy cognitive
function or CI (4). Few of the assistive technologies developed
were installed in the residences of older adults, thus transforming
them into smart homes, and some created wearable sensors for
older adults, while a large proportion of technologies mentioned
in the sampled articles did not specify the target population (6,
32). Despite the development of various technologies, such as
the intelligent diagnosis of AD, brief cognitive assessment using
high-performance tracking technology, and wired and wireless
functional near-infrared spectroscopy system for the evaluation of
brain activation and repetitive transcranial magnetic stimulation,
a research gap was found when these technologies were applied
in the actual healthcare institution for offering an alternative way
of assessing and detecting CI (16, 26). In the past, technological
devices mainly focused on discovering novel methods for detecting
anomalies in the cognitive functions of older adults. Nevertheless,
the sampled articles in this review also showed that assistive
technologies and interventions were created to increase the ability
of older adults with CI to live independently (6, 8, 32, 35, 36).

In addition, the process involved in the development of
monitoring-technology devices for CI is essentially important, as it
can lead to the creation of effective technology tools for detecting
and monitoring older adults’ cognitive decline. By accurately
measuring cognitive functions over time, these devices can help
in identifying changes in cognition that may be indicative of
the underlying health conditions. For example, in the experiment
of Ayaz et al. (27), the participants brain was monitored to
measure the cerebral blood oxygenation changes by using the
functional near-infrared spectroscopy (fNIRS) continuous wave
system. During this study, the fNIRS raw data were processed using
several algorithms to remove noise and convert the signal into
meaningful measures of neural activity. The results showed that
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NIRS is sensitive to practice level and mental task load and can
monitor hemodynamic changes in the brain.

Bott et al. (12) conducted a Virtual Cognitive Health
(VC Health) study in a pre-test and a post-test clinical trial to
evaluate its impact on the cognitive function of older adults.
Cognitive data function was determined based on the cognitive
standardized battery tests that assessed several domains of cognitive
function. These tests were administered at baseline, 26 weeks,
and 52 weeks, respectively. The data were analyzed to determine
the effect of the program on cognitive function and other health
outcomes in older adults. The results revealed scalable solutions for
the prevention or delay of Alzheimer’s disease.

Cammisuli et al. (33) conducted a SENIOR Project that focused
on developing technology-based solutions to support the wellbeing
of older adults. In this study, the personalized virtual coach
platform has two major components: a wearable device/app for
patients and a cloud backend server for health professionals. Chan
et al. (28) investigated a pre-test/post-test experimental design
on iPad training, wherein older adults’ cognitive function was
measured both before and after the training program. Participants
were randomly assigned to either a training group (8 h of training
over 4 weeks) or a control group (who did not receive any training).
They were measured using several standardized tests for cognitive
function, such as memory, attention, and executive function. The
results showed that iPad training for older adults can enhance their
cognitive function.

Hossain et al. (17) developed a machine learning model
to detect CI and analyze neurophysical and physical data and
compared its performance in detecting cognitive impairment.
A total of 60 older adults (n = 30 with CI and 30 without
CI) participated in the study. The participants performed a
typing task, which involved typing a paragraph of text with a
computer keyboard. The physical activity data were collected using
a smartwatch worn by the participants. The machine learning
models developed in this study achieved a high level of accuracy,
sensitivity, and specificity in predicting the cognitive impairment
status. Lazarou et al. (13) developed a novel and intelligent home
monitoring system to support the care of older adults with CI. The
system utilizes a combination of sensor technologies and machine
learning algorithms to monitor the daily activities of older adults
with cognitive impairment and provides personalized care support.

The system employed a wide range of sensors to monitor
the ADL of older adults. The collected data from these sensors
were analyzed using machine learning algorithms that helped in
identifying patterns and detecting any changes in behavior that
may indicate a cognitive decline. Lim et al. (34) employed a
hospital-based Internet of Things (IoT) to assess the activities of
daily living (ADL) and used it as a digital biomarker to detect
CI in a clinical setting. The study employed the experimental
ADL test and involved 30 older adults (15 with mild CI and
15 with dementia). The patient’s cognitive status was evaluated
using the Clinical Dementia Rating (CDR) scale, and the ADL
test scores were compared to the patient’s cognitive status. Cotelli
et al. (29) conducted a study to determine the effect of transcranial
magnetic stimulation (TMS) on patients with Alzheimer’s disease
(AD). This study included 16 patients with AD and 16 healthy
control individuals. All participants underwent a series of language
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assessments, including the action naming test, to assess their
language abilities. The results showed that TMS improved the
naming ability in AD patients. Another study was conducted by
Oyama et al. (15) on CI using high-performance eye-tracking
technology. The eye-tracking setup involved the use of a high-
performance eye-tracking system that recorded eye movements. As
the participant performed the visual search task, the eye-tracking
system recorded their eye movements, including the participant’s
fixation duration, saccade duration, and the number of fixations.
The results of the study showed that the eye-tracking method was
able to accurately identify individuals with CI with a high level of
sensitivity and specificity.

Wang et al. (16) evaluated the effectiveness of a contact sensor
skirt for an anti-collision power wheelchair and its safety. Phase
1: Development and Testing of the Contact Sensor Skirt: The
researchers used a power wheelchair and attached the sensor skirt
to its base to test its technical feasibility. Phase 2: Evaluation of the
Contact Sensor Skirt: A randomized controlled trial was performed
with 32 older adults with dementia who were randomly assigned
to either the intervention group (using the contact sensor skirt)
or the control group (using a standard power wheelchair without
the sensor skirt). Then, the groups were further assessed based on
subjective perceptions of the wheelchair’s safety and effectiveness
using mobility and safety assessment, observation, questionnaires,
and video recordings. The results revealed that the device improved
the mobility and wellbeing of older adults.

Xie etal. (10) conducted a study using wearable sensors to assess
the gait and distinguish individuals with amnestic mild cognitive
impairment (aMCI) from healthy controls. The participants were
asked to wear wearable sensors on their lower back and both
ankles for 7 days. The sensors collected data during participants’
normal daily activities, such as walking, sitting, standing, and
lying down. The collected data were processed to extract gait-
related features, such as step count, step length, walking speed,
and variability of gait parameters. The results of the study showed
that there were significant differences in gait parameters between
the aMCI group and the healthy control group, with the aMCI
group demonstrating a slower walking speed, shorter stride length,
and longer double support time. Zhou et al. (37) employed an
IoT monitoring system and deep learning classification to assess
Alzheimer’s disease by using IoT devices, such as wearable sensors,
smartphones, and smart homes. These data include physiological
signals, cognitive assessments, and daily activities of the patients.
An intelligent diagnosis of AD based on an IoT monitoring
system and a deep learning classification method involves data
collection, preprocessing, feature extraction, model training, and
model evaluation. This approach has the potential to improve
the accuracy and efficiency of the diagnosis and management of
Alzheimer’s disease.

Although the use of monitoring-technology devices is
associated with several advantages, such as portability, ease of
use, enhanced safety, improved caregiver support, and increased
independence, it also raises several ethical and patient privacy-
related issues that healthcare providers must be aware of. For
example, in order to use monitoring-technology devices such
as an iPad in assisted cognitive training (28), devices in smart
homes (6), the SENIOR Project (33), SMART devices (30), and
keystroke patterns (17) in studies, the patient’s informed consent
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must be obtained. However, obtaining informed consent can be
challenging for patients with CI. In addition, the devices can reveal
sensitive information concerning a person’s mental and emotional
state, which raises concerns about the privacy, confidentiality,
and security of patient data. Digital devices may inadvertently
perpetuate bias and discrimination in healthcare. For example,
artificial intelligence (AI) algorithms, IoT monitoring systems,
NIRS, transcranial magnetic stimulation (TMS), and deep learning
classification may be trained on biased datasets, leading to incorrect
diagnoses or treatments for certain populations. Therefore, it is
crucial to consider the ethical issues and patient privacy-related
issues in the use of digital devices to maintain patient trust, protect
patient autonomy, ensure the safety and confidentiality of patient
information, and comply with legal and ethical requirements.
Some limitations should be interpreted with caution. Although
the monitoring devices selected by the articles included in this
review can be useful for older adults with CI, some of the
devices were not rigorously evaluated for their effectiveness.
Additionally, studies on monitoring devices for older adults
with cognitive impairment have small sample sizes, which limits
the generalizability of their findings. Some studies focused on
older adults with a specific type of cognitive impairment, such
as dementia or AD (6, 11, 12, 37), and have not included a
diverse range of participants with different cultural backgrounds
Other studies have short follow-
up periods, which limits our understanding of the long-term

or socioeconomic statuses.

effectiveness and impact of monitoring devices (28, 37). Finally, by
using the scoping reviews method, the inclusion criteria and search
strategies used may not identify all relevant studies, potentially
leading to bias. Although the articles were selected based on the
JBI criteria, the final selection of the articles and synthesis of
the literature were based on the judgment of the researchers.
This could have introduced subjectivity and potential bias into
the review process. Therefore, other standard selection criteria
should be included to minimize subjectivity and potential bias.
Therefore, further research is needed to evaluate the effectiveness
and generalizability of using monitoring devices
older adults.

among

5. Conclusion

Monitoring technologies, including telerehabilitation, smart
aging systems, low-cost indoor activity monitoring systems, and
wearable sensors for improving cognitive health (such as novel
and intelligent home monitoring systems for care and support,
technology-enhanced multi-domain at the home continuum of
care programs, high-performance eye-tracking technology, contact
sensor skirts, functional near-infrared spectroscopy, Internet of
Things monitoring system, transcranial magnetic stimulation, and
cognitive application) have shown great potential in improving the
care and quality of life for older adults with CI. These devices
can also provide healthcare professionals with valuable information
concerning the older adult’s mental health status and daily activities
and alert healthcare professionals in case of emergencies and
could reduce the care burden. Thus, there is a need to apply this
technology practically in the field to further strengthen the evidence
that it could improve the lives of older adults.
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6. Implication for nursing care
management practice

During the past few years, there has been growing interest in
the use of monitoring-technology devices for older adults with
CL These technological advancements have a potentially critical
role in improving the quality of healthcare services to older adults
and in promoting their health and wellbeing. Specifically, they
can help in promoting positive healthy behavior among older
patients. Various monitoring systems (such as high-performance
eye-tracking technology, contact sensor skirts, functional near-
infrared spectroscopy, Internet of Things monitoring system,
transcranial magnetic stimulation, and cognitive application) can
help in monitoring their physical activity, maintaining their
independence while living at home, and improving their cognitive
status, thus improving their quality of life.

These technological device systems and various sensor tools
that were developed claimed to be less invasive and more accurate,
as they can gather data and detect changes similar to the way
nurses diagnose and monitor the health status and activities of older
adults with CI even from a distance. Based on the results from the
use of remote monitoring systems and smart home technologies,
older adults can receive support in their respective homes and
communities, reducing the need for institutional care. Healthcare
professionals may apply these technologies to attain promising
results, such as feasibility and efficiency. Owing to the integration
of technology in the field of nursing care, digital knowledge will
be required for healthcare professionals to properly navigate the
devices. Healthcare professionals, including nurses, must be trained
on how to use and interpret the data provided by the devices to
provide appropriate care and support.

The integration of technology in nursing care management
may also enhance performance and alleviate the challenges
encountered during the care of older adults with cognitive
impairment, as it is designed to support nurses that need to time
to monitor daily information about the patient. Continuum of
care can be made possible since some technological devices can
be installed even in the homes of older adults. Virtual health
coaching and interventions conducted by nurses can also be
made possible, which is a vital part of rehabilitation programs
of older patients. More studies that focus on the efficiency and
applicability of these developed devices and methods in the
practical field should be conducted in the future. Nonetheless, it

References

1. United Nations, Department of Economic and Social Affairs, Population Division
World Population Ageing. Available online at: https://www.un.org/en/development/
desa/population/publications/pdf/ageing/WorldPopulation Ageing2019- Report.pdf
(accessed August 7, 2022).

2. World Health Organization. Ageing. Available online at: https://www.who.int/
health-topics/ageing#tab=tab_1 (accessed August 7, 2022).

3. World Health Organization. Ageing and Health. Available online at: https://
www.who.int/news-room/fact- sheets/detail/ageing-and-health (accessed August 7,
2022).

4. Patel RM, Singh US. Prevalence study of cognitive impairment and its associated
sociodemographic variables using mini-mental status examination among elderly

Frontiersin Public Health

10.3389/fpubh.2023.1144636

is essential to note that monitoring-technology devices are not a
substitute for human interaction and care management. Healthcare
professionals, particularly nurses, should use these devices only
as a supplement to traditional care and should continue to
prioritize human interaction and patient care in meeting older
adults’ needs and addressing their concerns. Overall, monitoring-
technology devices can provide remarkable benefits to older adults
by supporting their independence, mobility, safety, and overall
wellbeing. Healthcare providers and nurses should work together
to incorporate these technological devices into care plans to achieve
optimum quality of functioning.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

Conceptualization, methodology, software validation, formal
analysis, investigation, data curation, writing—original draft
preparation, writing—review and editing, supervision, and project
administration: HAs, AA, HAI, and JA. All authors have read and
agreed to the published version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

population residing in field practice areas of a medical college. Indian ] Community
Med. (2018) 43:113-6. doi: 10.4103/ijcm.IJCM_102_17

5. World Health Organization. Dementia. Available online at: https://www.who.int/
news-room/fact-sheets/detail/dementia (accessed August 7, 2022).

A, Alirezaie E Loutfi A. Are
older adults Sensors.  (2022)

M, Pecora
with dementia?

6. Chimamiwa G, Giaretta
smart homes adequate for
22:4254. doi: 10.3390/522114254

7. Fadzil NH, Shahar S, Rajikan R, Singh DKA, Mat Ludin AF, Subramaniam P,
et al. Scoping review for usage of telerehabilitation among older adults with mild
cognitive impairment or cognitive frailty. Int | Environ Res Public Health. (2022)
19:4000. doi: 10.3390/ijerph19074000

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1144636
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.who.int/health-topics/ageing#tab=tab_1
https://www.who.int/health-topics/ageing#tab=tab_1
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.4103/ijcm.IJCM_102_17
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.3390/s22114254
https://doi.org/10.3390/ijerph19074000
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Asiri et al.

8. Ghayvat H, Awais M, Pandya S, Ren H, Akbarzadeh S, Mukhopadhyay S,
et al. Smart aging system: uncovering the hidden wellness parameter for well-being
monitoring and anomaly detection. Sensors. (2019) 19:766. doi: 10.3390/s19040766

9. Tegou T, Kalamaras I, Tsipouras M, Giannakeas N, Votis K, Tzovaras DA, et al.
Low-cost indoor activity monitoring system for detecting frailty in older adults.
Sensors. (2019) 19:45. doi: 10.3390/s19030452

10. Xie H, Wang Y, Tao S, Huang S, Zhang C, Lv Z, et al ‘Wearable sensor-
based daily life walking assessment of gait for distinguishing individuals
with amnestic mild cognitive impairment. Front Aging Neurosci. (2019)
11:285. doi: 10.3389/fnagi.2019.00285

11. Bonnechere B, Klass M, Langley C, Sahakian BJ. Brain training using cognitive
apps can improve cognitive performance and processing speed in older adults. Sci Rep.
(2021) 11:12313. doi: 10.1038/s41598-021-91867-z

12. Bott N, Kumar S, Krebs C, Glenn JM, Madero EN, Juusola JLA, et al. Remote
intervention to prevent or delay cognitive impairment in older adults: design,
recruitment, and baseline characteristics of the virtual cognitive health (VC Health)
study. JMIR Res Protoc. (2018) 7:e11368. doi: 10.2196/11368

13. Lazarou I, Karakostas A, Stavropoulos TG, Tsompanidis T, Meditskos G,
Kompatsiaris I, et al. Novel and intelligent home monitoring system for care
support of elders with cognitive impairment. | Alzheimers Dis. (2016) 54:1561-
91. doi: 10.3233/JAD-160348

14. Realdon O, Rossetto E Nalin M, Baroni I, Cabinio M, Fioravanti R,
et al. Technology-enhanced multi-domain at home continuum of care program
with respect to usual care for people with cognitive impairment: the ability-
TelerehABILITation study protocol for a randomized controlled trial. BMC Psychiatry.
(2016) 16:425. doi: 10.1186/512888-016-1132-y

15. Oyama A, Takeda S, Ito Y, Nakajima T, Takami Y, Takeya Y, et al. Novel method
for rapid assessment of cognitive impairment using high-performance eye-tracking
technology. Sci Rep. (2019) 9:12932. doi: 10.1038/s41598-019-49275-x

16. Wang RH, Gorski SM, Holliday PJ, Fernie GR. Evaluation of a contact
sensor skirt for an anti-collision power wheelchair for older adult nursing home
residents with dementia: safety and mobility. Assist. Technol. (2011) 23:117-
34. doi: 10.1080/10400435.2010.541406

17. Hossain MN, Uddin MH, Thapa K, Al Zubaer MA, Islam MS, Lee J, et al.
Detecting cognitive impairment status using keystroke patterns and physical activity
data among the older adults: a machine learning approach. Hindawi J. Healthc. Eng.
(2021) 16:1302989. doi: 10.1155/2021/1302989

18. Yous M-L, Ploeg ], Kaasalainen S, Martin LS. Nurses’ experiences in caring for
older adults with responsive behaviors of dementia in acute care. SAGE Open Nurs.
(2019) 5:2377960819834127. doi: 10.1177/2377960819834127

19. Hendlmeier 1, Bickel H, Hefller-Kaufmann JB, Schiufele
challenges in older general hospital patients. Z Gerontol Geriat.
52:212-21. doi: 10.1007/s00391-019-01628-x

20. Lee M, Ryoo JH, Campbell C, Hollen PJ, Williams IC. Exploring the challenges
of medical/nursing tasks in home care experienced by caregivers of older adults with
dementia: an integrative review. J Clin Nurs. (2019) 28:23-4. doi: 10.1111/jocn.15007

21. Palmdorf S, Stark AL, Nadolny S, Elial G, Karlheim C, Kreisel SH, et al.
Technology-assisted home care for people with dementia and their relatives: scoping
review. JMIR Aging. (2021) 4:¢25307. doi: 10.2196/25307

M. Care
(2019)

22. Ji YA, Kim HS. Scoping review of the literature on smart healthcare for older
adults. Yonsei Med J. (2022) 63:514-21. doi: 10.3349/ym;.2022.63.514

23. Zhu J, Shi K, Yang C, Niu Y, Zeng Y, Zhang N, et al. Ethical issues of
smart home-based elderly care: a scoping review. ] Nurs Manag. (2021) 30:3686-99.
doi: 10.1111/jonm.13521

Frontiersin Public Health

12

10.3389/fpubh.2023.1144636

24. Peters M, Marnie C, Tricco A, Pollock D, Munn Z, Alexander L, et al. Updated
methodological guidance for the conduct of scoping reviews. JBI Evid. Synth. (2020)
18:2119-26. doi: 10.11124/JBIES-20-00167

25. Tricco AGC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern
Med. (2018) 169:467-73. doi: 10.7326/M18-0850

26. Ayaz H, Onaral B, Izzetoglu K, Shewokis PA, McKendrick R, Parasuraman
R, et al. Continuous monitoring of brain dynamics with functional near
infrared spectroscopy as a tool for neuroergonomic research: empirical
examples and a technological development. Front Hum Neurosci. (2013)
7:871. doi: 10.3389/fnhum.2013.00871

27. Ayaz H, Shewokis PA, Bunce S, Izzetoglu K, Willems B, Onaral B, et al. Optical
brain monitoring for operator training and mental workload assessment. Neuroimage.
(2012) 59:36-47. doi: 10.1016/j.neuroimage.2011.06.023

28. Chan MY, Haber S, Drew LM, Park DC. Training older adults to use
tablet computers: does it enhance cognitive function? Gerontologist. (2014) 56:475-
84. doi: 10.1093/geront/gnu057

29. Cotelli M, Manenti R, Cappa SE Zanetti O, Miniussi C. Transcranial
magnetic  stimulation improves naming in Alzheimer disease patients
at different stages of cognitive decline. Eur ] Neurol. (2008) 15:1286-
92. doi: 10.1111/j.1468-1331.2008.02202.x

30. Dorociak KE, Mattek N, Lee J, Leese MI, Bouranis N, Imtiaz D, et al. The survey
for memory, attention, and reaction time (SMART): development and validation of
a brief web-based measure of cognition for older adults. Gerontology. (2021) 67:740-
52. doi: 10.1159/000514871

31. Niu H, Li X, Chen Y, Ma C, Zhang J, Zhang Z. Reduced frontal
activation during a working memory task in mild cognitive impairment: A non-
invasive near-infrared spectroscopy study. Can ] Neurol Sci. (2013) 40:125-31.
doi: 10.1017/S0317167100013785

32. Muangprathub J, Sriwichian A, Wanichsombat A, Kajornkasirat S, Nillaor P,
Boonjing VA, et al. Novel elderly tracking system using machine learning to classify
signals from mobile and wearable sensors. Int ] Environ Res Public Health. (2021)
18:12652. doi: 10.3390/ijerph182312652

33. Cammisuli D, Pietrabissa G, Castelnuovo G. Improving wellbeing of
community-dwelling people with mild cognitive impairment: the SENIOR

(SystEm of Nudge theory based ICT applications for OldeR citizens)
project. Neural Regen Res (2022) 16:963-6. doi: 10.4103/1673-5374.2
97063

34. Lim Y-H, Baek Y, Kang SJ, Kang K, Lee H-W. Clinical application of the
experimental ADL test for patients with cognitive impairment: pilot study. Sci Rep.
(2021) 11:356. doi: 10.1038/s41598-020-78289-z

35. Karakostas A, Lazarou I, Meditskos G, Stavropoulos T, Kompatsiaris I,
Tsolaki M, et al. Sensor-based In-home monitoring of people with dementia using
remote web technologies. In: 2015 International Conference on Interactive Mobile
Communication Technologies and Learning (IMCL). Thessaloniki: IEEE (2015), p.
353-7.

36. Oatley G, Choudhury T, Buckman P. Smart textiles for improved quality of life
and cognitive assessment. Sensors. (2021) 21:8008. doi: 10.3390/s21238008

37. ZhouY, LuY, Pei Z. Intelligent diagnosis of Alzheimer’s disease based on internet
of things monitoring system and deep learning classification method. Microprocess
Microsyst. (2021) 83:104007. doi: 10.1016/j.micpro.2021.104007

38. Vollenbroek-Hutten M, Jansen-Kosterin S, Tabak M, Feletti LC, Zia G, N'dja A,
et al. Possibilities of ICT-supported services in the clinical management of older adults.
Aging Clin Exp Res. (2017) 29:49-57. doi: 10.1007/s40520-016-0711-6

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1144636
https://doi.org/10.3390/s19040766
https://doi.org/10.3390/s19030452
https://doi.org/10.3389/fnagi.2019.00285
https://doi.org/10.1038/s41598-021-91867-z
https://doi.org/10.2196/11368
https://doi.org/10.3233/JAD-160348
https://doi.org/10.1186/s12888-016-1132-y
https://doi.org/10.1038/s41598-019-49275-x
https://doi.org/10.1080/10400435.2010.541406
https://doi.org/10.1155/2021/1302989
https://doi.org/10.1177/2377960819834127
https://doi.org/10.1007/s00391-019-01628-x
https://doi.org/10.1111/jocn.15007
https://doi.org/10.2196/25307
https://doi.org/10.3349/ymj.2022.63.S14
https://doi.org/10.1111/jonm.13521
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.7326/M18-0850
https://doi.org/10.3389/fnhum.2013.00871
https://doi.org/10.1016/j.neuroimage.2011.06.023
https://doi.org/10.1093/geront/gnu057
https://doi.org/10.1111/j.1468-1331.2008.02202.x
https://doi.org/10.1159/000514871
https://doi.org/10.1017/S0317167100013785
https://doi.org/10.3390/ijerph182312652
https://doi.org/10.4103/1673-5374.297063
https://doi.org/10.1038/s41598-020-78289-z
https://doi.org/10.3390/s21238008
https://doi.org/10.1016/j.micpro.2021.104007
https://doi.org/10.1007/s40520-016-0711-6
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	A scoping review of different monitoring-technology devices in caring for older adults with cognitive impairment
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Search outcomes
	2.3. Selection and article analysis 

	3. Results
	3.1. Novel method for the assessment and screening of cognitive impairment
	3.2. Use of technologies in monitoring systems
	3.3. Programs and interventions designed for improving the lives of older adults with cognitive impairment

	4. Discussion
	5. Conclusion
	6. Implication for nursing care management practice
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


