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Abstract: The growth in the prevalence of dementias is associated with a phenomenon that challenges
the 21st century, population aging. Dementias require physical and mental effort on the part of
caregivers, making it difficult to promote controlled and active care. This review aims to explore
the usability and integration of wearable devices designed to measure the daily activities of elderly
people with dementia. A survey was carried out in the following databases: LILACS, Science Direct
and PubMed, between 2018 and 2024 and the methodologies as well as the selection criteria are
briefly described. A total of 27 articles were included in the review that met the inclusion criteria and
answered the research question. As the main conclusions, the various monitoring measurements and
interaction aspects are critically important, demonstrating their significant contributions to controlled,
adequate and active monitoring, despite the incomplete compliance with the key aspects which
could guarantee solutions economically accessible to institutions or other organizations through the
application of the design requirements. Future research should not only focus on the development
wearable devices that follow the essential requirements but also on further studying the needs and
adversities that elderly people with dementia face as a pillar for the development of a feasible device.

Keywords: elderly; dementia; wearable devices; monitoring activities; geriatric healthcare; systematic
review

1. Introduction

According to the World Health Organization (WHO), today’s society is witnessing
a marked demographic transformation worldwide, with implications for various sectors.
In quantitative terms, the number of elderly people is expected to double by the year
2050, from 962 million (2017) to 2.1 billion, respectively [1]. Therefore, this demographic
change is associated with increased longevity, a result of improved healthcare and living
conditions over the last few decades [2]. Nevertheless, it is crucial to promote awareness
and concern about this phenomenon and the challenges it poses on both a socioeconomic
and cultural level for society in general [3]. Additionally, it is highlighted that the greater
the number of elderly people, the more it negatively affects the productivity growth
of economies; therefore, it is necessary to adopt more sustainable political decisions that
ensure the sustainability of the current situation [3]. Even so, the United Nations argues that
elderly people are a great contribution to the development of new policies and appropriate
programs, as the implementation of appropriate approaches allows for the structuring of
a political commitment, which ensures the integration of population aging in the process
of development [4]. Thus, social inclusion is promoted, which influences the reduction in
stigma and discrimination of a highly vulnerable social group.
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Given this demographic change, the pattern of disease prevalence also changes, fo-
cusing, in this case, on cognitive impairment diseases [5]. This is due to increasing age
being one of the main factors in the development of these diseases. Among the various
diseases, dementia is the one that presents significant effects with high emotional and
financial costs. The prevalence of elderly with dementia (EwD), follows the growth of the
elderly population and it is expected that the number of cases will continue to increase [6].

According to the WHO, there are currently 55 million people with dementia and
each year, there are around 10 million new cases. Additionally, dementia is the seventh
leading cause of death and one of the main causes of disability and dependence among the
world’s elderly population [7]. In view of this, dementia affects one to several cognitive
domains, from loss of memory, language, problem solving and tasks, and other skills that
are present in an individual’s daily routine [8]. Therefore, these people quickly depend,
from a very early age, on a social group that has accompanied the growth of dementia, the
caregivers (CGs).

CGs play a fundamental role in the care of EwD, helping to perform daily activities
(instrumental activities, managing finances, administering medication, and attending to
behavioral and psychological symptoms) [9]. However, the role of the caregiver can often
be a great challenge, providing a feeling of insufficiency and guilt in the work they do,
anxiety about the worsening of the disease, among others. Faced with this situation, the
long-term CG ends up harming the quality of care for the elderly and themselves [9].

In this sense, it is important to find new solutions or strategies that help both EwD
and their CGs/family members in carrying out daily activities or, at least, improving their
treatment with information provided about daily tasks [10]. On the other hand, the help
provided to CGs can also be through tools or products that help monitor and facilitate
dementia treatment. In this way, design can be introduced as a support tool and procedure
to assist in recognizing and understanding the specific needs that this target audience faces,
translating them into requirements for designing adapted interventions and systems [11].
Given this, it is possible to achieve a daily monitoring solution and contribute to a better
quality of life for EwD and their CGs.

In view of this, this review sought to understand the wearable devices (WDs) devel-
oped to date that can monitor the daily activities of EwD, as well as carry out an analysis
of the design aspects present in them. Subsequently, we intended to bring together these
aspects to create an overview of the design requirements that can influence and lead to
designing the ideal WD for EwD.

The results of this review not only serve as a basis for future studies of WDs but also
consider the implementation of appropriate requirements and measures that respond to
the adversities of EwD and their caregivers.

This article is organized in five sections: Section 2, “Methodology”, describes the
systematic review methodology and process used. Section 3, “Results”, presents the results
obtained, starting with a brief overview of the context of the review, addressing technology
in the health and wellness sector, the evolution of WDs, and their identification and classifi-
cation. This is followed by a presentation of the role that design has played in the health
sector and how it has had an impact using different design methodologies. Subsequently,
based on these methodologies and the studies analyzed, the design requirements for the
projection of a WD for EwD are defined. Section 4, “Discussion”, is based on the discussion
of the results obtained above, with a comprehensive analysis of both the technological
functionalities that the ideal WD should have and a comparison between them in the WDs
included in the study, as well as a convergent study of the defined design requirements of
the same WDs. This was followed by a final assessment of the results obtained, resulting in
a diagram of the design requirements. Finally, Section 5, “Conclusions and Future Works”,
presents the final considerations and observations of the review and future perspectives for
both the development of new WDs and possible new design requirements.
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2. Methodology

This review began with the recommendations of the Cochrane Handbook for System-
atic Reviews of Interventions and the review article “Steps in Conducting a Systematic
Review” based on the same handbook [12,13]. These recommendations made it possible to
establish the formulation of the research question and the inclusion and exclusion criteria.
In addition, these helped with the selection of studies, analysis, and presentation of the
results through a detailed search and the drawing of conclusions. This review also included
an exploration of resources associated with the design requirements for the same context
and experiences by the target audience and their caregivers. Figure 1 presents the steps
performed in the literature review.

Kevwords
B PICO
Elderly
g::sgf devices Population - Eldery with dementia
Monotoring activities Intervention - Monitoring wearable devices
Gereatric healthcare
Comparison - Companson of wearable devices mn terms of
monitoring criteria and design requirements
Data base
Outcome - Analysis of the effectiveness and usability of
Publed rearzble devices in monitoring by evaluating how they meet th
ScienceDirect wearable devices in monitoring by evaluating how they meet the
E Web of Seicnce necessary monutoring and design critena resulting i promoting a
E LILACS better quality of life for the elderly and the caregiver. Selection criteria
g
E — - Open acess/ Full text available I
E Review question . ) . . Timeline 2018-2024
In elderly with dementia. what is the comparative effectiveness and usability of different types of ;
- e = Language english and portuguese
wearable devices for monitoring various aspects of daily activities. and how well do they fulfill
the measurement criteria and design requirements?
Dementia AND Wearable devices Dementia AND Monitoring Activities Dementia AND Wearable devices AND Monitoring Activities
PubMed: 246 results Web of Science: 1565 results PubMed: 39 results
Science Direct: 3922 results LILACS: 13 results Web of Science: 41 results
LILACS: 0 results Science Direct: 2723 results
A y
PubMed: 121 results Web of Science: 593 results PubMed: 39 results
Science Direct: 632 results LILACS: 6 results Web of Science: 26 results
LILACS: 0 results Science Direct: 423 results
H
=
E Keywords Excluded total: 1365 W
)
- Duplicated: 494 l Keywords included
Sistematic Reviews and Meta-analysis: 109 Potentially eligible publications: 475 D§menﬂz .
Wearable devices
Don't answer the question: 762 Monitoring activities
Elderly
Publications excluded after reading the titles and
= abstracts: 311
=
=
Selected publications: 164
= ¥
=
E Publications excluded after reading the full text: 137 Publications included on the review: 27
S
=

Figure 1. Literature search flow diagram.

2.1. Search Strategy

The PICO strategy (Population, Intervention, Comparison, Outcomes) was adopted,
helping to define the research question to be answered. In this way, the EwD are the
population under study, focusing on their needs and difficulties (P), the intervention being
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studied (I) is the use of WDs to monitor various aspects of the health and well-being of the
EwD, including the analysis of the functionalities and capabilities of WDs in responding to
the needs of the target audience. The analysis and comparison (C) are about the different
types of WDs, and their performance in meeting the monitoring criteria for EwD, as well
as the design requirements in the WDs. The outcome (O) encompasses the conclusions
related to the effectiveness and usability of WDs in monitoring EwD by assessing how the
WDs meet the necessary monitoring and design criteria. Additionally, the identification of
future research perspectives and improvements were also included.

Thus, the question that led to the study was as follows: In EwD, what is the com-
parative effectiveness and usability of different types of WDs for monitoring various
aspects of daily activities, and how well do they fulfill the measurement criteria and
design requirements?

2.2. Keywords and Databases

To ensure a more precise search, fixed keywords were used to search for studies:
Elderly, Dementia, Wearable devices, Monitoring activities, Geriatric healthcare. The
Boolean operator “AND” was also used to combine the terms Dementia “AND” Wearable
devices, Dementia “AND” Monitoring and Dementia “AND” Wearable devices “AND”
Monitoring Activities.

In order to carry out a rigorous systematic review, four different databases were
used: PubMed, ScienceDirect, Web of Science and LILACS. The combination of the terms
Dementia “AND” Wearable devices was used in PubMed, Science Direct and LILACS,
while the combination of Dementia “AND” Wearable devices “AND” Monitoring Activities
was used in Web of Science and LILACS. Finally, the combination of the terms Dementia
“AND” Monitoring Activities and Dementia “AND” Wearable devices “AND” Monitoring
Activities was used in PubMed, Web of Science and Science Direct databases, making it
possible to obtain a wide variety of combinations of studies.

2.3. Selection Criteria

The selection criteria are divided into four phases so that they are organized in a struc-
tured way, demonstrating the entire process of exploration and detailed research carried
out. Before starting the first phase, the databases were searched for combinations of the
terms mentioned above. For the combination of Dementia AND Wearable devices, PubMed
obtained 246 results, Science Direct 3922 results, and LILACS 0 results. In the combination
of Dementia “AND” Monitoring Activities, Web of Science found 1565 results and LILACS
13 results and, finally, in the combination of Dementia “AND” Wearable devices “AND”
Monitoring Activities, PubMed obtained 39 results, Web of Science 41 results and Science
Direct 2723 results.

After this, the first phase began, where the same filters were applied to all databases,
restricting the year range between 2018 and 2024, the language of the articles to English
and Portuguese, and full access to the articles.

When combining the terms Dementia “AND” Wearable devices, PubMed obtained
121 results, Science Direct 632 results, and LILACS 0 results. When combining Dementia
“AND” Monitoring Activities, Web of Science obtained 593 results and LILACS 6 results.
Finally, for the combination of Dementia “AND” Wearable devices “AND” Monitoring
Activities, PubMed obtained 41 results, Web of Science 26 results and Science Direct
423 results.

In a second phase, the following exclusion keywords were applied: duplicate articles
(n = 494), systematic reviews and meta-analysis (1 = 109) and articles that did not answer
the review question (1 = 762). As a result, a total of 1365 articles were excluded according
to the exclusion keywords, resulting in 475 potentially eligible publications.

In the third phase, articles that did not meet the inclusion criteria were excluded after
reading the titles and abstracts (17 = 311): Dementia; Wearable devices; Monitoring activities;
Elderly. Thus, 164 publications were selected for the last phase.
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In the fourth and final phase, the text of the publications was read in full, and
137 articles were excluded, leaving 27 publications included in this review.

2.4. Description of Studies

This subsection provides a detailed description of the studies carried out using the
selected articles. In this way;, it is possible to ensure coherence between the methodology
of the work and its results, facilitating a clear understanding of the research process and
its outcomes.

The studies will be based on two main parts: Study 1: a comparative study of the tech-
nical specifications present in WDs of the chosen articles resulting from the methodological
process described above; Study 2: an analytical study of the different fundamental design
criteria in WDs for the target audience in question. In this way, both studies will have a
similar purpose: to identify the essential requirements or guidelines for designing an ideal
wearable device for measuring the daily activities EwD.

The Section 3 provides a detailed description of the studies in each part, as well as the
statistical methods applied.

Study 1 will carry out comparative studies of different measurement methods, specific
measurement data that each device contains, and its main results framed in the articles.
Therefore, Study 1 will cover the articles presented in Table 1.

Table 1. Included articles in Study 1.

Study Article Title Reference Year Summary
Physical activity intensity is associated The study focuses on the association between
1 with cognition and functional [14] 2022 physical activity intensity and cognitive function in
connectivity in Parkinson’s disease. Parkinson’s disease (PD) populations.

Sensing a problem: Proof of concept
2 for characterizing and [15] 2020
predicting agitation.

The study focuses on continuous monitoring using
passive sensors helping predict agitation in
dementia patients effectively, improving
symptom management.

The study focuses on the feasibility of

Non-pharmacological interventions a non-pharmacological interventions, including
3 feasible option for addressing [16] 2021 bright light therapy and physical activity, for
dementia-related sleep problems in the improving sleep in individuals with mild cognitive
context of family care. impairment or dementia, along with their
family carers.
A new smart wristband equipped with The study aims to evaluate a smart wristband’s
4 an artificial intelligence algorithm to [17] 2020 effectiveness in detecting atrial fibrillation (AF) by
detect atrial fibrillation. measuring its sensitivity, specificity, and accuracy.
. . The study’s main goal is to determine whether
Impaired 24-h activity patterns are .
. . . . accelerometer-based measures of 24 h activity are
associated with an increased risk of . .
5 o, ) , [18] 2024 associated with the subsequent development of
Alzheimer’s disease, Parkinson’s . ;o q . , .
. .. . Alzheimer’s disease (AD), Parkinson’s disease
disease, and cognitive decline. .. .
(PD), and cognitive decline.
Syne.rg.y through integration of d.lgltal The study aims to investigate the feasibility and
cognitive tests and wearable devices -1 . o : .
6 . " [19] 2023 validity of digital cognitive tests and physiological
for mild cognitive ;
) . . sensors applied to MCI assessment.
impairment screening.
Ecocapture@home: Protocol for the The main objective of the ECOCAPTURE program
7 remote assessment of apathy and its [20] 2021 is to define behavioral signature of apathy using an
everyday-life consequences. ecological approach.

Wearable multimodal sensors for the

detection of behavioral and

8 psychological symptoms of dementia [21] 2022
using personalized machine
learning models.

The aim of this study is to use wearable
multimodal sensors to develop personalized
machine learning models capable of detecting
individual patterns of BPSD.
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Table 1. Cont.

Study Article Title Reference Year Summary
Age—relat.ed. changes in the This study aims to measure physiological
characteristics of the elderly females o e
9 . . [22] 2021 parameters and indicators, specifically among the
using the signal features of an earlobe o
elderly for personal health monitoring.
photoplethysmogram.
Challenges of using a Fitbit smart The s.tudy e?<p1.ores the acceptability and fe.as1b1hty
of using a Fitbit Charge 3 among people with
10 wearable among people [23] 2023 o Jeee .
. . dementia, living in the community, who took part
with dementia. . . .
in the physical exercise program.
Smoothness of gait in healthy and The study compares the smoothness of gait in older
1 cognitively impaired individuals: A [24] 2020 adults with and without cognitive impairments
study on Italian elderly using wearable using the harmonic ratio (HR) metric derived from
inertial sensor. trunk accelerations.
Using a GPS watch to characterize The paper presents a case study using a GPS .watch
- e . to measure life-space mobility in a person with
12 life-space mobility in dementia: A [25] 2021 . . .
- dementia, showing regular outdoor trips and
dyadic case study. . M
social activity.
vAvZZifrfab;ilttiZ/iincrlrfoeiistlgilsltii of The study assesses the acceptability and feasibility
13 &¢ y o . [26] 2019 of older adults with mild dementia wearing
community-dwelling older adults with . .
. activity monitors over a month.
dementia.
Feasibility of a continuous, s .
. o The study assesses the feasibility of continuous,
multi-sensor remote health monitoring . R .
14 . .. . [27] 2022 multi-sensor wear in individuals with
approach in persons living with . .
- . cerebrovascular or neurodegenerative diseases.
neurodegenerative disease.
User experience and clinical The study evaluates user experience and clinical
effectiveness with two wearable global effectiveness of wearable global positioning system
15 o L [28] 2018 . . .
positioning system devices in home (GPS) devices for persons with dementia and
dementia care. caregivers at home.
Wrist-worn sensor-based The study focuses on evaluating whether digital
measurements for drug effect detection measures can detect treatment effects in individuals
16 . - . [29] 2023 . . .
with small samples in people with with mild-to-moderate Lewy Body Dementia,
Lewy Body Dementia. providing insights into early response to treatment.
. The study evaluates the MEMENTO assistive
User experience and acceptance of a system prototype for dementia patients
17 device assisting persons with dementia [30] 2022 ys emm prototyp p g -
- PRI . . highlighting challenges, acceptance, and usability
in daily life: a multicenter field study. ¢ .
through a 3-month field trial.
Early detection of mild cognitive
1mpa.1rment Wl.t hin-home Sensors to This study assesses sensor feasibility for behavior
monitor behavior patterns in oo . .
18 . . . . [31] 2020 monitoring in seniors to detect Mild
community-dwelling senior citizens in o -
. ; . Cognitive Impairment.
Singapore: Cross-sectional
feasibility study.
Feasibility of in-home sensor o .
- . . The study assesses the feasibility of using in-home
monitoring to detect mild cognitive . . R .
19 . ) . : - [32] 2020 sensors to monitor cognitive decline in aging
impairment in aging military veterans: -
. . military veterans.
prospective observational study.
Perspectives of Japanese elders and The study focuses on exploring the viewpoints
their healthcare providers on use of elders, caretakers, and healthcare providers
20 wearable technology to monitor their [33] 2024 regarding the use of wearable technology to
health at home: A monitor health conditions and ensure the safety of
qualitative exploration. elderly individuals at home.
This study uses wearable sensors to assess
Using Wearable Sensors to Measure healthcare goals set by older veterans with
21 Goal Achievement in Older Veterans [34] 2022 dementia, demonstrating feasibility and aiding in

with Dementia.

monitoring goal achievement through combined
data sources.
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Table 1. Cont.

Study Article Title Reference Year Summary
Effect of a robotic seal on the motor This study evaluates: the effects of the robotic seal,
. PARO, on motor activity and sleep in
activity and sleep patterns of older - .
22 eople with dementia, as measured by [35] 2018 dementia patients.
P ! : This study evaluates the effects of the robotic seal,
wearable technology: A . .
. . PARO, on motor activity and sleep in
cluster-randomised controlled trial. - .
dementia patients.
Long-term digital device-enabled This study observes dementia patients and their
monitoring of functional status: caregivers, using physical activity and life space
23 o [36] 2020 ; .
Implications for management of data to assess the impact of caregiving on
persons with Alzheimer’s disease. functional status.
Adapting mobile and wearable This study aims to use mobile and wearable
o4 technology to provide support and [37] 2019 technology feasibility to provide personalized
monitoring in rehabilitation for support and monitoring for dementia rehabilitation
dementia: feasibility case series. in a case series.
The prevention of falls in patients with The pilot study protocol aims to assess the
Parkinson’s disease with in-home feasibility of using the TED bracelet for in-home
25 L ) [38] 2022 o . . 3
monitoring using a wearable system: a monitoring to prevent falls in Parkinson’s disease
pilot study protocol. patients through gait monitoring.
Fasiilty of Using  Wesal T udy s vl bonser doveero
26 Biosensor Device in Patients at Risk for [39] 2020 & . Y 1nas 15 PysIolog]
AR, . changes in at-risk Alzheimer’s patients, indicating
Alzheimer’s Disease Dementia. . . o .
potential for monitoring cognitive decline.
Use (.)f tl}e Xlaon.u Ml Band for sleep The study aims to understand how sleep quality
monitoring and its influence on the . . .
27 O R [40] 2022 affects older adults in nursing homes using the
daily life of older people living in a . S I
. Xiaomi Mi Band 2 for monitoring.
nursing home.
Study 2 will study the requirements and recommendations that investigate design as
a tool for promoting better interaction with users. These requirements will be based on
the same principles, which are the principles of Universal Design. Therefore, Study 2 will
cover the articles presented in Table 2.
Table 2. Included articles in Study 2.
Study Article Title Reference Year Summary
The paper presents 10 design principles for
Lo . . designing for dementia, derived from existing
1 dD:s;gglnﬁrfl(c)f cllee;nentla. An analysis of [41] 2022 literature. These principles offer guidance for
shp pres. creating products tailored to individuals
with dementia.
This paper shows that User-Centered Design in
The role of User-Centered Design in smart wearables involves considering human.
factors to enhance user acceptance and experience,
2 smart wearable systems [42] 2018 . . .
design process addressing design requirements through a
’ structured process to optimize device usability
and lifecycle.
This study analyzes 16,717 online reviews of
Drivers and Challenges of Wearable wearable devices, identifying functionalities,
3 Devices Use: Content Analysis of [43] 2022 appeal, and design as key drivers of use, while

Online Users Reviews.

concerns about quality, credibility, and perceived
value are challenges to adoption.

3. Results

3.1. Technology in Healthcare

Recent advances in technological innovation, particularly in the development of
Information and Communication Technology (ICT) and Assistive Technology (AT), have
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given opportunities to reconstruct and assist in the care of EwD [10]. These technological
devices not only focus on assisting the activities of daily living but also help alleviate the
financial burden that dementia treatments entail. Furthermore, the implementation of these
devices contributes to reducing the burden and anguish on the part of formal and informal
CGs as it allows for adequate and controlled monitoring of the pathology. All these aspects
result in a better quality of life for both the CG and the EwD.

Given that these technologies perform these functions, there is a need to have a
consensus between a functional product and a product suitable for the user, that is, devices
must contain a design that is centered and acceptable to EwD. To achieve this, it is necessary
to recognize the difficulties they face and the fact that they are a highly complex social
group when developing a product that will not only be part of the daily routine but with
which they will also have direct interaction [41].

3.2. Wearable Devices

The evolution of WDs for healthcare has remained an alternative to conventional
applications and support tools, as many studies show great potential when it comes to
providing monitored care [44]. Such monitoring is committed to minimal intrusion, high
battery life, obtaining various measurement data, continuous monitoring, an approach
focused on the type of users and intuitive interaction [44]. A WD can be incorporated into
the body or not, and ranges from smart bracelets, rings, belts, necklaces, glasses, watches,
earphones, headbands, to clothing with built-in sensors [45].

In the scenario of monitoring EwD as the pathology gradually worsens, interaction
with everyday products becomes increasingly challenging. In view of this, WDs aim
to facilitate this difficulty and control the progression and state of dementia through a
User-Centered approach [42]. For such an approach, it is not only extremely important to
establish support functionalities, but also to design a WD that can be used intuitively and
establishes an easy and dynamic interaction with the user.

In Table 3, descriptive statistics were used as a method corresponding to a qualitative
analysis in order to encompass the core technical specifications of the WDs in each study
included. The variables analyzed were as follows: product; source; measurement method;
company; and device placement. All this information is divided by each WD.

Table 3. Technical specifications of wearable devices used in individual studies.

Product Source Measurement Method Company Device Placement
ActiGraph wGT3X-BT
. Actigraph, LLC,, .
[14] Actigraphy Pensacola, FL, USA Wrist
[15,16] Activity tracker Philips Respironics Inc., Wrist

Murrysville, PA, USA
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Table 3. Cont.

Product Source Measurement Method Company Device Placement
Amazfit Health
Band 1S
.. Amazfit, Inc., Hefei, .
0 [17] Activity tracker China Wrist
Wrist Band AX3
Axivity, Ltd.,
[18] 3-axis Accelerometer Newcastle Upon Tyne, Wrist
UK
Empatica E4 Wristband
[19-21] 3-axis Accelerometer Empatica In., Wrist
ce Cambridge, MA, USA s
Ear clip pulse wave sensor
EP520
Photoplethysmography LAXTHA, Inc.,
Q, 221 Sensor Daejeon, South Korea Farlobe
Fitbit Charge 3
. Fitbit by Google, San .
[23] Activity tracker Francisco, CA, USA Wrist
BTS G-WALK
[24] Inertial sensor BTS BI.O cehgmeering, S1 vertebrae level
Milan, Italy
Vivoactive HR
Activity tracker and Garmin Ltd., Olathe, .
[25] GPS KS, USA Wrist
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Table 3. Cont.

Product Source Measurement Method Company Device Placement

GENEactiv Original

Activinsights Ltd., .
[26,27] Accelerometer Cambridgeshire, UK Wrist
[28] GPS Himatic, Neuss, Wrist
Germany
KinesiaU
Great Lakes
[29] Activity tracker NeuroTecnologies, Wrist
Cleveland, OH, USA
Memento
l .. STUDIO DANKL, .
. I ) [30] Activity tracker Wien, Austria Wrist
Microsoft Band
.. Microsoft., Redmond, .
9 [31] Activity tracker WA, USA Wrist

MUSE 2

InteraXon Inc., Toronto,

r /! [19] Electroencephalogram ON, Canada Head

Nokia Steel

Nokia,
[32] Activity tracker Issy-les-Moulineaux, Wrist
France
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Table 3. Cont.

Product Source Measurement Method Company Device Placement
Oura ring
. Oura Health Oy, Ouluy, .
[33] Activity tracker Finland Finger
i . BioSensics LLC,,
— [34] Actigraphy Newton, MA, USA Neck
ReSOS-2—
[28] Activity tracker ReSOS-2., Neuss, Wrist
Germany
. BodyMedia.com,
[35] 3-axis Accelerometer Pittsburgh, PA, USA Arm
[36] 3-axis Accelerometer Sony, Inc., Minato, Wrist
Tokyo, Japan
—
L] .
“ z _ [37] Activity tracker Sor;z)cl(l;g.,]l;fjl:r?to, Wrist
L ‘__:_ﬂi‘ 7
TED Bracelet
[38] 3-axis Accelerometer 4SEC SRL, Alessandria, Wrist

Piedmont, Italy
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Table 3. Cont.

Product Source Measurement Method Company Device Placement
WHOOP Biosenser
g A erin | WHOGRI Boten
Xiaomi Mi Band 2
[40] Activity tracker Xiaomi, Inc,, Beijing, Wrist

China

Classification of Monitoring Types in Wearable Devices

Most WDs used in healthcare have activity monitoring as their main functionality.
These can encompass a broad measurement of an individual’s data through sensors capable
of measuring heart rate, daily behaviors, sleep patterns, stress level, movements, location,
among others.

In the present study, 3 of the 25 articles (12%) reported that the results obtained
from daily activities were measured by Actigraphy. Also, 52% of the selected articles
showed that they collected data through activity tracker sensors, these being the most
common and present in the field of WDs. Regarding Accelerometers, which generally
use three measurement axes, they are found in 16% of the selected articles. Another 12%
correspond to WDs that had an integrated GPS system and the remaining 16% report
that they obtained activity data through Photoplethysmography [22], Inertial sensors [24],
Electroencephalography [19] and Photodiode [39].

Table 4 also shows the use of descriptive statistics, regarding the frequency measure
(count/percentage of WDs containing certain measurements) with the following variables:
wearable device; daily activity; daytime activity; night-time activity; activity patterns;
movement patterns; real-time location; fall detection; and SOS warning. All these specific
measures are divided by each WD.

Table 4. Specific outcome measures of daily activity reported by included studies.

Wearable Daily Daytime  Night-time  Activity = Movement Real-Time Fall SOS
Device Activity Activity Activity Patterns Patterns Location Detection  Warning
ActiGraph + + + N + _ ) )
wGT3X-BT

Actiwatch N + . N + ) ) .
Spectrum Plus

Amazfit Health N N N N N ; ) )
Band 1S

Wrist Band AX3 + + + + + - - -
Empatica E4 + + } + + ; ) )
Wristband

Ear clip pulse wave ) _ ) N ) _ ) ;

sensor EP520




Designs 2024, 8,75 13 of 24

Table 4. Cont.

Wearable Daily Daytime  Night-time  Activity = Movement Real-Time Fall SOS
Device Activity Activity Activity Patterns Patterns Location Detection  Warning
Fitbit Charge 3 + + + + + _ - _
BTS G-WALK - - - - + - . _
Vivoactive HR + + + + + + - -
GENEactiv Original + + + + + - - -
HIMATIC GPS

Uhr Alpha ) ) B ) + + + +
KinesiaU - - - + + - - _
Memento + NE NE NE - - - -
Microsoft Band + + + + + + +

MUSE 2 + + + + - - - -
Nokia Steel + + + + + - - -
Oura Ring + + + + + - - -
PAMSy + + + + + - - -
ReSOS-2—Die

Notfalluhr NE NE NE NE NE + NE +
SenseWear + + + - + - _ _
Sony SW2

Smartwatch ) ) . ) ) - l -
Sony Smartwatch N ) ) i . . ) i
3 SWR50

TED Bracelet NE NE NE NE + NE + -
WHOQOP Biosenser + + + + - - - -
Xiaomi Mi Band 2 + + + + + - - _

+ indicates a significant association or difference reported. - indicates no significant association or difference
reported. NE indicates association or difference Not Specified.

3.3. Specific Measurements of Wearable Devices

WDs are equipped with technologies and sensors potentially capable of different
measurements relevant to a person’s well-being. To develop an ideal WD, it is important to
consider some monitorization aspects, in this case, when monitoring EwD. Therefore, the
more relevant data the WD can capture, the more credible and well-founded the progressive
monitoring of the pathology will be. In Table 2, we compare the different WDs; regarding
these, it is important to consider that, in relation to daily monitoring, both during the
day and at night, these allow for continuous and precise monitoring. Given this, around
72% of WDs measure activities daily. In the case of measuring night-time activities, 60%
of WDs perform this measurement, which generally refers to monitoring sleep patterns,
understanding how many times the elderly person was awake, their sleep quality and
other patterns.

Regarding measuring activity and movement patterns, the collection of information on
heart rate, breathing patterns, stress level, physical exercise and information on movements
performed is included. These aspects have some emphasis, as these provide CGs with
valuable insights into the well-being of EwD, promote adapted care, contribute to physical
and emotional health, and offer a better quality of life for the EwD and the CG. These two
criteria have a slight percentage difference between them, with more than half of the WDs
containing these features.

In the case of WDs containing a real-time location system, only 20% have this aspect,
which allows the CG to find out if the elderly person has left and where they are heading,
mainly outside, caused by episodes of disorientation or memory loss. Fall detection only
occurs in three of the selected WDs as it is a feature rarely found in these devices but of
high importance, as the elderly may experience some unintentional accident or imbalance.
In view of this, it is necessary to have some form of communication or urgent warning at
the time to the CG that the elderly person has suffered this fall or other type of episode
that requires urgent contact with the CG. It was found that only two of the WDs, one being
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related to fall detection [28], contained a button specifically for urgent contact, prominently
displayed on the WD.

In Table 5, the authors analyze the main results and describe relevant characteristics of
the studies included in this review using descriptive statistics as an analytical method. The
variables studied were as follows: wearable device; source; study design; participants (1);
and major findings.

Table 5. Characteristics and major findings of included studies.

Wearable Device  Source  Study Design  Participants Major Findings
Acti . Individuals with PD showed that moderate physical activity
ctiGraph 14] Prospective MMPD (96) increases the ti f itive functional i h
WGT3X-BT [ cohort ) the promotion of cognitive functional in, such as
visuospatial function, memory, and executive function.
Caregivers and healthcare professionals can tailor interventions
Actiwatch [16] Prospective PwDs (1) more effectively through characterization of episodes of
Spectrum Plus observational agitation and identification of behavioral and environmental
precipitants of agitation.
People with MClIoD demonstrated improvements in their sleep
[15] Prospective MCed (15) and wellbeing by following combined intervention using bright
cohort light therapy and/or therapeutic exercise with sleep
hygiene education.
The use of a smart wristband with the appropriate artificial
Amazfit Health Retrospective AF (150) il.lteilliggnce componer}t facilita.ites the early detection of atrial
Band 1S [17] control HC (251) fibrillation, guaranteeing precise measurements. Early
detection will help reduce the incidence of heart failure, stroke,
and dementia.
Prospective Monitoring 24 h activity patterns measured through wrist
Wrist Band AX3 [18] PwDs (82,829) actigraphy serves as a prospective marker of incident of
cohort . L . . . .
Alzheimer’s disease, Parkinson’s disease, and cognitive decline.
Combining features from a multimodal wearable device
Empatica E4 [21] Prospective MCI (61) improved patient classification performance compared to using
Wristband control HC (59) only tablet parameters or physiological features, revealing
cognitive decline information.
Prospective bvFTD (20)  Wearable technology has shown a meaningful impact on elderly
[20] control AD (20) individuals with dementia, as it helps in monitoring daily
HC (20) activities, sleep efficiency, and circadian rhythm variability.
Prospective The study revealed that using a device with personalized
[19] cohort BPSD (17) models can enhance the performance of generic models in
classifying agitated behaviors.
The findings suggest the use of a PPG
Ear clip pulse P . (Photoplethysmogram)-based wearable device for a
wave sensor [22] rospective eKw (84) non-invasive monitoring of aging-related changes in the elderly
cohort . . .
EP520 population, such as cardiovascular function parameters and
their derivatives.
The study found that over 50% of elderly individuals with
dementia accepted and found the device feasible to use, though
_ Prospective PwDs (10) 66.7% did not find it acceptable for night-time wear. Man
Fitbit Charge 3 (23] col:})’lort CGs (10) participants enjoyed checiing their st({.;p count and showir}:g off
the device to family, helping to integrate it into their
daily routine.
The findings of this study suggest that measuring the gait
smoothness is a useful metric for detecting subtle changes in
Prospective HC (34) the early stages of dementia beyond what spatio-temporal
BTS G-WALK [24] control ECD (37) parameters reveal. These data could help clinicians make more
ACD (19) accurate diagnoses of cognitive impairment and assess the

effectiveness of interventions aimed at improving mobility in
cognitively impaired individuals.
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Table 5. Cont.

Wearable Device  Source  Study Design  Participants

Major Findings

Prospective

Vivoactive HR [25] dyadic case

(PWD) (1)

GENEactiv
Original

Prospective

[27] cohort

(PwD) (26)

CVD (10)
AD/MCI (8)
FID (5)
PD (11)
ALS (5)

Prospective

[26] cohort

HIMATIC GPS
Uhr
Alpha 2x2
X [28] Crossover
ReSOS 2—Die
Notfalluhr

PwD (20)
CGs (20)

Prospective
cohort and
sub cohort

KinesiaU [29] PDLB (344)

Multicenter

Memento [30] studies

MCI (30)

MCI (28)
HC (21)

Prospective

Microsoft Band [31] control

Prospective
control

MCI (61)

MUSE 2 [19] HC (59)

Prospective
observational

MCI (15)

Nokia Steel [32] HC (15)

This study shows that integrating a GPS-based data wearable
device into mobility assessments can support remote functional
assessment and proactive intervention to improve mobility in
people with dementia. The findings also inform the
development of a monitoring system for early detection of
mobility changes and personalized risk notifications.

The study revealed the high feasibility and acceptability of
wearing the wearable device in people with dementia. In
addition, the device showed potential usability as it contained a
robust structure, discreet design (ie, like a wristwatch), low
maintenance, and high battery life.

The study demonstrates the feasibility of using a continuous
multimodal wearable device approach for remote monitoring of
individuals with CVD and NDD, showing high adherence
during both day and night-time wear. Participants reported
generally positive experiences regarding comfort, ease of use,
and daily integration of the wearables.

Despite the lack of demonstrated clinical effectiveness in this
short-duration and small-sample-size study, the study
highlights the importance of the use of wearable GPS devices
for people with dementia. In earlier disease stages, it can
provide aid in locating individuals during episodes of
disorientation and memory loss.

This study and sub-study revealed that digital measurements
can detect treatment responses much earlier and with a smaller
sample size than traditional clinical assessments, potentially
increasing efficiency in clinical trials and aiding the
development of therapies for neurodegenerative diseases.
Although there were no significant changes in the activities of
daily living and caregiver burden, the major findings of this
studies showed that the system’s design reduced fear and
stigmatization, highlighting that a positive attitude towards
technology is crucial for successful implementation, regardless
of age. Participants were highly interested in digital solutions
and agreed these systems will help maintain independence for
those with cognitive dysfunction.

The principal findings of this study consist of the feasibility and
acceptance of using sensors to unobtrusively monitor behavior
patterns in the homes of senior individuals. In addition, the
early detection of anomalies enables self-management, timely
interventions, and remote capture of clinically meaningful data
for healthcare professional’s diagnostic.

Combining features from a multimodal wearable device
improved patient classification performance compared to using
only tablet parameters or physiological features, revealing
cognitive decline information.

Although the wearable device had technical issues, such as low
battery and broken sensors, it showed a high level of user
engagement, with the majority of participants agreeing to
continue using the technology. Both participants with MCI and
HC found the device easy to use and wear, contributing to a
quick adaption and a positive user experience during the
monitoring period.
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Table 5. Cont.

Wearable Device  Source  Study Design  Participants Major Findings

The research found that Japanese elderly and their healthcare
professionals were generally positive about home monitoring,
knowing its ability to detect urgent physical changes and

Oura ring [33] 8(11&11(1)12221(1 Hlli gl) monitoring elders” health. Yet, concerns included the need for
P adaptation to address specific measurements for different
healthcare necessities and vulnerability avoiding malfunctions
and low usability.
The wearable device demonstrated to be feasible for monitoring
daily activities and noticing changes over time, showcasing the
Prospective utility of combining multiple data sources for assessment. The
PAMSy (341 obserSational PwDs (19) studt)}z]}ﬂghlighted ﬁnat weIa)rable devices support clinical
communication, especially when aligning care with the patient’s
priorities, involving patients, clinicians, and caregivers.
Since the wearable device was an armband, researchers found it
Cluster- very difficult to collect data as the elderly did not tolerate using the
randomized armbands well, indicating to be a device unsuitable and
SenseWear (351 controlled PwDs (415) uncomfortable for Vulner%able individuals. Despite those aspects,
trial the wearable technology showed advantages in providing an
objective measure of motor activity and sleep patterns.
Findings emphasize the importance of long-term digital
Prospective AD (1) device-enabled monitoring for managing persons with

SmartWatch2 SW [36] dementia effectively offering a cost-effective method for
clinicians and caregivers to gather high-quality objective data
for personalized care.
Results indicate that wearable devices can advance P4
healthcare ! for dementia care by effectively revealing
behavioral patterns in real-life conditions. Sensor-based
PwDs (6) measurements showed advantages over self-reported behavior,
such as detecting gradual trends and providing comprehensive
insights. Participants also reported these technologies
positively impacted their health and well-being.
This study’s protocol could not determine if the monitoring
system’s cost is sustainable long-term. However, developing a
HC (26) gait monitoring system for neurodegenerative diseases like
PD (26) Parkinson’s, Alzheimer’s or other dementias is highly
beneficial. It can prevent falls, significantly enhancing home
care and improving quality of life for patients and caregivers.
The study showed high participant satisfaction with the
WHOOP device, with most planning to continue its use. The
study demonstrates the feasibility of using wearable biosensors
WHOOP [39] Prospective HC (24) to assess sleep and heart rate variability in patients at risk for
Biosenser observational PwDs (9) dementia. Wearable devices could help clinicians
non-invasively and cost-effectively detect early AD-related
sleep disturbances and autonomic dysregulation, potentially
enabling tailored interventions to delay cognitive decline.
The study found that the Xiaomi Mi Band 2 provides important
insights into the impact of sleep on the overall well-being and
daily activities of older individuals in a nursing home setting.
The usage of the wearable device did not impose any burdens
on the participants, indicating a level of acceptance and comfort
with the technology within the group.

observational MMPD (1)

Sony Smartwatch
3 SWR50

Longitudinal

[37] observational

Pilot
TED Bracelet [38] prospective
observational

Xiaomi Mi Band Longitudinal

2 [40] observational NCD 21)

MMPD indicates Mild-to-Moderate Parkinson’s Disease. PwDs indicates People with Dementias. MCloD indicates
Mild Cognitive Impairment or Dementia. AF indicates Atrial Fibrillation. HC indicates Health Controls. MCI
indicates Mild Cognitive Impairment. bvFTD indicates behavioral variant Frontotemporal Dementia. AD indicates
Alzheimer’s Disease. BPSD indicates Behavioral and Psychological Symptoms of Dementia. eKw indicates elderly
Korean women. CGs indicates Caregivers. ECD indicates Early Cognitive Decline. ACD indicates Advanced
Cognitive Decline. Je indicates Japanese elderly. HP indicates Healthcare Personnel. NCD indicates No Cognitive
Decline. ! “P4 healthcare” is defined by a new healthcare system (predictive, preventive, personalized and
participatory [P4] healthcare) that encompasses systems approaches to biology and medicine.
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In this way, they were able to establish a clearer perspective of the impact of integrating
WDs, both in terms of data collection and measurement and interaction with users.

As such, it is generally understood that the majority of WDs had a positive effect
on the lives of EwD, with these devices promoting self-care and well-being, resulting in
improved sleep patterns and cognitive status.

The integration of these devices also served, in many studies, as a non-invasive means
of diagnosing and monitoring the progression of various dementias and the cognitive
status of individuals. Once these data are detected, treatment or interventions tailored to
the needs of the EwD can be ensured.

In addition, many studies have shown great acceptance and satisfaction by EwD when
using a WD, on the wrist, for more than 24 h not only because of the familiar design (i.e.,
identical to what appears to be a conventional watch) but the high level of comfort too. On
the other hand, when it came to EwD in more advanced stages or when the devices were
intended to be worn elsewhere than on the wrist, they were easily discarded, resulting in
an incomplete assessment of the health condition.

3.4. Design in Healthcare

In the context of design for healthcare, just as functional criteria play an important
role, it is crucial to highlight that there are studies that show that there is a need to improve
the interaction between products and people with dementia since the relationship between
the two becomes increasingly complex [41]. In view of this, there is a need to look for
well-structured information on how design can be a means to design products with an
appropriate approach to a group of vulnerable users. The studies present guidelines
and parameters that are indispensable in the development of a product for EwD and the
majority are based on already known design approaches, such as Universal Design and
User-Centered Design, as these mainly value accessibility for everyone [42].

The Centre for Excellence in Universal Design states that Universal Design is a concept
that serves as a process of making products accessible and usable by everyone without
the need to adapt or specialize the design [46]. These should cater to the largest sample of
people possible, without considering gender, race, health condition or disability, or other
factors that may be relevant [46].

The Centre for Excellence in Universal Design defines the seven principles of Universal
Design that aim to constitute a series of essential parameters aimed at designing products,
services, and environments, allowing for the greatest number of users represented in the
Table 6 [47].

Table 6. The seven principles of Universal Design, adapted from [47].

Principles Definition
Equitable Use The design is usable by every user.
Flexibility in Use The design accommodates a wide range of individual preferences and abilities.

Simple and Intuitive Use

Perceptible Information

Tolerance of Error
Low Physical Effort
Size and Space for
Approach and Use

The design must be easy to understand, regardless of the user’s experience, knowledge, abilities, language skills

or level of concentration.

Effectively promotes necessary information to the user, regardless of the environment/physical actual conditions

Or sensory capacities.
Minimizes the risks and negative consequences which can occur from accidental or involuntary actions.
The design can be used efficiently and comfortably with a minimum of fatigue.

The design needs tailored space and size appropriate for approach, reach, manipulation, and use regardless of the

user’s body size, posture, or mobility.

The Universal Design Manual for Health Services shows the importance of implement-
ing Universal Design benefits in several aspects, such as the following [48]:

Promotes independence;

Advances mobility and social inclusion;

Increase everyone’s quality of life, without devaluing anyone’s;
Reduces stigma and discrimination;



Designs 2024, 8,75

18 of 24

Provides more opportunities for vulnerable social groups;
Guarantees a more comfortable, attractive, accessible, convenient and safe world for
all users;

e  Reduces the economic burden of specialized programs and services that help people
from specific social groups;

e  Creates an inclusive society with knowledge of the diversity of society, ensures equality
and inclusion on equal terms;

e  Promotes respect for the capabilities of all people.

3.5. Defining Design Requirements

The aforementioned studies explore a wide variety of design recommendations, from
the most general to the most specific, and they were structurally encompassed in order to
connect different requirements to different categories. In this way, four categories were
defined based on the analysis of the underlying design recommendations, these being
physical, emotional, cognitive, and contextual.

The main focus of defining these requirements is to make it easier for the product to
interact with the user, which is the recommendation most often found in studies and has a
high impact on the emotional well-being of EwD [41]. In addition, another recommendation
that has been verified more than any other is the proper appreciation of the social group’s
context for the successful implementation of the respective product [41]. In other words,
there is a greater need to understand the needs of older people living with the disease,
helping to include them in decisions about services and products.

Defining these requirements not only aims to provide a better relationship between
users and the product and more active care, but also helps in the future development of
WDs that address the same causes, guaranteeing a successful methodological process as
well as implementation.

3.5.1. Physical Domain Requirements

As far as physical requirements are concerned, they usually aim to cover the general
ergonomics of a given product, i.e., an ergonomic and anthropometric study is carried
out so that it meets basic needs when used. In this case, since we are considering WDs
for monitoring, it is important to carry out a preliminary analysis of the potentially ideal
product for EwD since this is a social group with high vulnerability and sensitivity (Table 7).

Table 7. Physical domain requirements and their description.

Requirement

Description

Comfort [42]

A WD is defined as an electronic device that may or may not be incorporated into the body, offering specific
technological functions, with special attention being paid to comfort as a high-level requirement. This is due to the fact
that the WD has the function of monitoring and when this is carried out on a daily basis, the product must offer high
comfort when used on a daily basis, without implying its removal for other activities, such as sleeping, physiotherapy,
personal hygiene, etc.

Safety [42]

The WD is designed for elderly people, and safety is a criterion that, on a physical level, must be considered and
reviewed whenever changes are made to the WD so that it prevents injuries. For this, it is also necessary to make the
ideal choice of materials that will make up the WD, which need to be sufficiently resistant to possible impacts or
falls [42]. This topic also addresses the importance of the WD being designed according to strict electrical safety
standards, with mechanisms to protect against water damage.

Durability [42]

Durability is partly related to safety since by opting for highly resistant materials, the product will have greater longevity
and durability. In addition, as the WD will be used on a daily basis, it is crucial to have a minimally robust composition,
avoiding rapid wear and tear without adding too much weight, guaranteeing a light and small product.

Tangibility [41]

When it comes to the tangible aspect of a WD, as evidenced in various studies, it refers to physical elements that are
recognized by users through their senses, such as touch, sight, and hearing. For example, it is important to consider that
there is sensory feedback of some action, through light, sound, or pressure. Through this aspect, it is possible to satisfy

many of the needs of EwD by making a product that is tangible and can be handled effectively.

Visibility [41]

Visibility in a WD is related to the elements that are integrated into it so that they can be noticed quickly and clearly.
Therefore, attention should be paid to projecting elements with considerable size and appearance for the intended use.
In this case, you can use textures, colors, shapes, or other elements that identify the visibility of the different components.
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3.5.2. Emotional Domain Requirements

These requirements are responsible for the emotional relationship between the product
and the user, addressing more ethical and visual issues, without devaluing the physical
characteristics (Table 8).

Table 8. Emotional domain requirements and their description.

Requirement Description

Esthetics refers to the visual aspect of the WD, where simplicity should prevail as the main recommendation
when creating an EwD device. In this way, understanding the WD becomes more intuitive through the correct
adoption of simplicity in the WD’s visual design. The use of familiar elements has also been exposed in studies as
a potential way of allowing EwD to adopt the WD more easily into their routine.

Esthetic [42]

It is important to design a visually universal design. The product design must be able to reach a wide audience.
Equitable use [41] In other words, if the WD is directly designed only for EwD, it will be interpreted as stigmatizing and will not be
accepted by them.

Autonomy is directly related to the psychological well-being and preservation of dignity of the EwD, as it gives
Autonomy [41] them a sense of independence in relation to their health condition and self-care. Consequently, it offers a better
quality of life and mental health.

It is essential to develop a WD that can be customized so that the EwD feel they have the power to decide what
Customization [42] their personal preferences are. This not only promotes satisfaction as it is a WD for everyday use, but also aids
acceptance of the device.

3.5.3. Cognitive Domain Requirements

The cognitive domain requirement criteria are based on understanding users’ cognitive
abilities and needs, particularly in EwD, ensuring that the WDs are truly useful (Table 9).

Table 9. Cognitive domain requirements and their description.

Requirement Description

The WD must be intuitive to use and easy to understand through a simple, clear design with easily
Usability [41,42] understandable feedback. This guarantees a device that is accessible to EwD, taking into account the needs and
adversities they face.

As the cognitive domain of the EwD is in decline, the WD needs to be reliable and work. This requirement applies
to both products and research prototypes. It is crucial to prevent the WD from containing errors, both in terms of
Reliability [41,42] use and of obtaining data, thus promoting trust in the EwD. In addition, reliability also refers to the accuracy and
effectiveness that the WD monitoring promises. It needs to read the data correctly in order to properly monitor
the pathology.

3.5.4. Successful Implementation Requirements

For a successful implementation of the WD, even fulfilling the physical, emotional,
and cognitive domain requirements, there is one aspect that should not be overlooked
when designing any type of product for EwD. This is not to forget the integration of context
into the development of the product, in this case, the inclusion of EwD, guaranteeing the
effectiveness, acceptance and benefit of WD (Table 10).

Table 10. Successful implementation requirements and their description.

Requirement Description

To design a successful WD in the health sector, it is crucial to take its context into account, especially in relation to EwD.
Direct integration of the context is indispensable for the effective WD development, ensuring that the EwD actively
Context [41] participates in the process, providing valuable feedback for future improvements. In addition, WDs are also commonly
used by formal and informal CGs, certain functions of whom may depend on them. Including both primary (Ewd) and
secondary users (CGs) in the development of WDs increases the chance of successful implementation.

Since the WD is aimed at the largest number of users and can be implemented in institutions or other associations, it is
Price [43] important to ensure affordability. In other words, since it is aimed at a large (and growing) sample population, it is
necessary to optimize the cost of the WD, facilitating its implementation and adoption by users.
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4. Discussion

In the present discussion of the results, in order for it to be understood in a way that is
consistent with the results obtained, the descriptive statistics method was used with regard
to the frequency measure (count/percentage of articles that meet a certain requirement).
In this case, it was regarding design requirements, whether in the physical, emotional,
cognitive or implementation success domains.

This systematic review yielded 27 articles that met the inclusion criteria for WDs for
monitoring daily activities in EwD.

It is known that the ideal WD should hold the maximum amount of data from daily
activities and meet the design requirements presented. However, none of the 27 WDs
included in the study meet the eight criteria set out in Table 4, with the Microsoft Band [31]
being the only WD to meet seven of them.

However, 55% of the WDs included only minimally fulfill this function, with three of
the eight criteria, measuring the daily activities, daytime activities and activity patterns.

As far as design requirements are concerned, around 85% of the WDs included are
prone to being easily removed, as they contain a familiar placement system, making it an
unsafe system. On the other hand, since 70% of WDs have a conventional insertion and
removal system, it has the possibility of being adaptable and usable by a greater number
of users. This is since the component is adjustable in size, which subsequently promotes
comfort in daily use.

Regarding the fact that WDs are designed for EwD, only 37% of those included contain
physical elements of manual interaction with differentiated prominence, and only two of
all WDs have a manual component with a different color, size and shape aimed at warnings
in urgent situations. These aspects are extremely important given that this is a social group
with several disabilities, not only due to pathology but also due to the factor of old age,
and that it is essential to have clear and visible visual elements.

The requirement of esthetics will always be a subjective one; however, when discarding
the WDs that are not for use on the wrist [19,22,24,33-35], they contain a very familiar visual
design, appearing to be everyday watches or bracelets. The fact that some of the WDs have
a display promotes autonomy, as they feel they can still perform actions without depending
on CGs, such as checking the time, heart rate, daily physical activity, among others.

Still on this topic, the WDs that are not placed on the wrist or arm become WDs that do
not have minimally invasive monitoring. In other words, the fact that they are to be placed
in less common and more invasive places, such as around the torso, neck, or ear, ends up
restricting their place of use and can create a relationship of discomfort and opposition.
For example, in elderly women, the fact that the WD is placed in the ear means that they
cannot wear earrings, which is an accessory that often gives them greater self-esteem and
self-confidence. Furthermore, in the context of the pathology they experience, the place
where they wear them is not the most appropriate and is very visible, giving them a feeling
of inferiority due to the pathology they have. In the case of the elderly, it is common for
hearing to deteriorate, contributing to the use of hearing aids. However, the place where
the WD is placed can conflict with the use of these aids, preventing them from being used
and further reducing hearing.

Finally, only 11% of the WDs did not directly integrate EwD into their studies, and
therefore did not value them in the implementation of the WD. Nevertheless, the bal-
ance of this requirement is very positive, with more than half of the studies included
having included the EwD, obtaining true activity benchmarking feedback for future
successful implementation.

Design Requirements Diagram

A diagram (Figure 2) that covers all the fundamental design requirements for WDs
intended for EwD present in Tables 7-10 was developed. Its main objective is to provide a
structured organization and concrete understanding of the fundamental requirements for
the success of the WD.
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Figure 2. Circular diagram of design requirements for wearable devices.

This diagram not only lays out the respective requirements, but also shows how
each one relates to and influences the others. In this way, it is possible to highlight the
interdependence of each WD design requirement. For example, the familiar elements
belonging to esthetics can directly affect the usability of the WD, particularly helping with
the intuitiveness and ease to use of the WD.

By considering the relationships established in a concise manner, it becomes clear that
each decision made in relation to one requirement can have significant ramifications for
other aspects of the WD. Therefore, considering the requirements together guarantees the
development of a WD that is ergonomically appropriate, esthetically pleasing, functional
and, above all, compliant with the needs of the EwD.

5. Conclusions and Future Work

In conclusion, this review offers a wide range of information that addresses not only
the various monitoring measurements present in the WDs included in the study, but also
highlights their individual and collective importance. The in-depth analysis reveals how the
respective measurements play crucial actions in a more controlled and active monitoring of
the EwD, ensuring the well-being of the EwD as well as that of the CGs.

In general, the WDs featured in the article achieve minimally complete monitoring
despite the fact that none of them strictly comply with all the measurement criteria. On
the other hand, as many of the WDs have been discontinued, it was not possible to obtain
complete information on the type of measurement they performed.

Furthermore, the fact that the ideal design requirements for designing a monitoring
WD aimed for EwD have been defined does not imply that they are entirely complete.
New requirements can be added with future in-depth studies into the needs of this target
audience. The importance of the Universal Design and User-Centered Design approaches
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in helping to devise the most appropriate requirements should not be overlooked, as they
advocate equal accessibility for all.

By relating the analysis of the various activity measurements and the design re-
quirements, it is clear that, in general, WDs stand out positively. Just as each type of
measurement can measure an activity that needs to be monitored and followed up, each
design requirement can help to monitor and meet one or more specific EwD needs.

Therefore, this review not only provides a comprehensive overview of the different
WDs and their capabilities, but also highlights their importance at the intersection of tech-
nology, design, and health. This intersection strongly contributes to future developments
that are better able to respond to the needs and adversities that both EwD and their CGs
face on a daily basis.

For future work, it is recommended to continue exploring specific data measurement
methods that help monitor dementia pathology, which is compromised by various factors.
In addition, continuous analysis of the adversities that EwD face and how these may
worsen is recommended so that the WD is prepared for these changing patterns and adapts
to the state of dementia, promoting improved effectiveness, impact on health, and the
well-being of EwD. Furthermore, clinical and practical studies will be carried out in the
future, considering them in conjunction with the target population as well as the device to
be developed.
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