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Abstract

As populations age globally, wearable health technologies offer promising solutions
to support autonomy and well-being among older adults. This study explored

the adoption of smart wearable systems, such as wristbands and chest sensors,

for remote health monitoring among 352 older adults (aged 60-99) in Northern
Portugal. Results showed that 74.4% of participants expressed interest in using
wearable systems, with safety (93.9%) cited as the main benefit. Prevention (11.4%)
and improved health monitoring (6.1%) were reported less frequently and should

be considered secondary factors. However, barriers included discomfort (62.7%),
heaviness (31.1%), and device size (32.7%), particularly in smartwatches. Chest bands
were preferred when soft, lightweight, and discreet. Technology use frequency,
especially smartphone usage, emerged as a key predictor of interest, as confirmed
by a decision tree machine learning model with an accuracy of 71.88%. Despite low
educational levels, participants demonstrated high motivation to use features such as
medication reminders (83.5%), healthy habit prompts (74.2%), and appointment alerts
(70.2%). Although many respondents felt reassured by the potential of continuous
monitoring, some reported concerns related to anxiety (54.9%) and over-surveillance.
These findings underscore the importance of balancing technological functionality
with emotional comfort. The study highlights the need for user-centered design,
digital literacy initiatives, and co-creation with older users to improve adherence

and usability. Tailored interventions and accessible technologies can enhance health
outcomes and promote independent living among aging populations.

1 Background

The aging population is increasing worldwide, leading to a growing demand for innova-
tive healthcare solutions that support the well-being and autonomy of older adults [1,
2]. Advances in digital health technologies, particularly wearable health monitoring sys-
tems, offer new opportunities to enhance healthcare by enabling continuous and remote
tracking of physiological parameters such as heart rate, oxygen saturation, and blood
pressure [3, 4]. These technologies can provide early warnings of health deterioration,
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facilitate medical interventions, and promote a more proactive approach to disease pre-
vention and management [5, 6]. Despite their potential benefits, the adoption of wear-
able health devices among older adults remains relatively low, raising concerns about the
factors influencing their acceptance and long-term use [7, 8].

Multiple socio-demographic and psychological factors may impact the adoption
of wearable technologies by older adults [9, 10]. Digital literacy, cognitive and sen-
sory impairments, and overall comfort with technology play crucial roles in determin-
ing whether an individual is willing to integrate wearables into their daily routine [11,
12]. Additionally, privacy concerns, skepticism about data security, and the perceived
complexity of these devices may act as barriers to adherence. Socioeconomic factors,
including financial constraints and access to healthcare services, can also influence an
individual’s ability to obtain and effectively use such technology [13, 14]. Furthermore,
support from caregivers, family members, and healthcare providers has been shown
to significantly impact the willingness of older adults to engage with new digital health
solutions [15, 16].

Device usability and design are also critical [17, 18]. Older adults may be reluctant to
use health-monitoring wearables if they find them uncomfortable, difficult to operate,
or intrusive in their daily lives. Factors such as device weight, size, battery life, and ease
of data visualization must be carefully considered to ensure that these technologies are
both functional and user-friendly. Additionally, the level of personalization and adapt-
ability of these devices to individual needs may influence their acceptance [19-21].

Despite the growing interest in wearable health technologies, significant gaps remain
in understanding the factors influencing their adoption among older adults. While
prior research has identified barriers such as perceived complexity, cognitive decline,
and technological anxiety, there is limited insight into how these factors interact with
socio-demographic variables like income, education, and cultural background. More-
over, the role of subjective well-being and cognitive age in moderating technology adop-
tion behaviors is not well understood. However, comprehensive studies examining these
interactions across diverse populations are scarce. Additionally, concerns about data
privacy and security continue to hinder adoption, yet few studies have explored effec-
tive strategies to alleviate these apprehensions among older adults. Understanding these
nuanced factors is crucial for developing tailored interventions that promote the accep-
tance and sustained use of wearable health technologies in this demographic [10, 20, 22,
23].

This study aims to investigate the adherence and barriers to the use of smart wear-
able health monitoring systems among older adults. By analyzing socio-demographic,
psychological, and behavioral factors, this research seeks to identify predictors of accep-
tance and potential obstacles that may hinder widespread adoption. The findings will
contribute to the development of tailored interventions and technological improve-
ments that enhance usability, accessibility, and compliance, ultimately promoting better
health outcomes for the aging population.

Understanding these challenges is essential for ensuring that wearable technology
can fulfill its potential in geriatric healthcare. By addressing the barriers to adoption
and optimizing the design of these devices, it is possible to create more inclusive and
effective health monitoring solutions that empower older adults to take control of their
health and well-being.
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2 Methodology
2.1 Study design
An observational cross-sectional, exploratory survey-type study was designed.

2.2 Sample

The study population comprised 1,521 older adults (aged 60—99 years) from the north-
ern region of Portugal, both community-dwelling and institutionalized. A convenience
sample of 352 volunteers was selected (Table 1). Inclusion criteria were: (a) living in the
community or in an institution; (b) age between 60 and 99 years. Exclusion criteria were
inability to communicate and/or cognitive disease. These criteria were assessed during
the initial interview by trained researchers. Communication ability was verified through
participants’ capacity to understand and respond coherently to the informed consent
explanation and to simple orientation questions. Cognitive status was screened infor-
mally using short memory and comprehension tasks (e.g., repeating three words, follow-
ing simple instructions), included in the initial questionnaire, or medically diagnosed.
Participants who were unable to complete these basic tasks were excluded.

2.3 Instruments

A questionnaire was developed including sociodemographic questions (such as age,
sex, education level, job) and health status (such as previously diagnosed health condi-
tions, medication, falls, and others), perception of the importance of health data based
on biological signals, interest in telemonitoring wearable systems, and the frequency of

Table 1 Sample demographic characterization

Frequency % Frequency %
Sex (n=352)
Female 227 64.5
Male 125 355
Civil Status (n=352)

(Female/male) (Female/male)

Single 41 11.6 27/14 7.67/3.98
Married 206 586 129/77 36.65/21.88
Divorced 13 3.7 9/4 2.55/1.14
Widowed 92 26.1 62/30 17.61/8.52
Education level (n=352)
Don't know how to read or write 31 8.0 20/11 5.68/3.13
Know how to read and write 76 216 43/33 12.22/9.38
Primary Education 120 341 91/29 28.85/8.24
Basic Education 44 12.5 21/23 5.97/6.53
High School 60 17.0 37/23 10.51/6.53
Other 21 6.0 15/6 4.26/1.70
Work Situation (n=352)
Employed 41 11.6 31/10 8.80/2.84
Retired 311 884 196/115 55.68/32.67
Independent (n=274) 274 77.8 170/104 62.04/37.96
Caregiver (n=78) 78 222 57/21 73.08/26.92
Son 37 4744 26/11 33.33/14.10
Hired Professional 30 3846 21/9 26.92/11.54
Friend 6 7.70 6/0 7.70/0
Other Relative 3 385 3/0 3.85/0

Other 2 2.56 1/1 1.28/1.28
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technology use. The questionnaire was evaluated by seven experts that contributed and
approved the final questionnaire (Appendix 1). In order to minimize response bias, par-
ticipants were asked to report positive factors for one device and negative factors for
the other, rather than both aspects for the same device. This approach was adopted to
avoid artificially balanced responses (i.e., participants feeling compelled to provide both
strengths and weaknesses for each device), thereby encouraging more authentic and
spontaneous perceptions.

2.4 Procedures

The study began with a training and instruction session for the researchers involved in
data collection on how to apply the questionnaire. This training session included the
explanation of the questions, the application format, and the possible examples and
doubts that could be used to help older adults understand the question. The research-
ers responsible for data collection were physiotherapists, doctoral students, and labora-
tory researchers with prior experience in working with older adults. In addition, all team
members received specific training on the standardized application of the questionnaire.
This training ensured consistency across interviewers, including clarification of the
questionnaire items, strategies to support participants’ understanding, and procedures
to address potential doubts in an ethical and appropriate manner.

Before the beginning of this study, a pilot study involving four older adults, was per-
formed to understand if any modifications were necessary. Changes were made to the
application of the questionnaires, such as examples.

The final version of the questionnaire was applied using Google Forms. The application
was preceded by an explanation of the entire project, the objective of the questionnaire
and the request for the verbal and written informed consent. The study was conducted
from October 2021 to May 2023.

2.5 Statistical analysis

Statistical analysis was conducted using SPSS® 29 for Windows® (New York, USA).
Exploratory data analysis and sample characterization were performed using descrip-
tive statistics, including absolute and relative frequencies and central tendency measures
such as mean, measures of dispersion, variability such as standard deviation, and their
maximum and minimum values. The level of significance was set at 0.05, with a 95%
confidence interval.

The RapidMiner Studio© Software version 10.1, was used to develop a prediction
model based on a decision tree technique, through machine learning, to predict which
variables are related to older adults’ usage of technology and their level of interest to
smart wearable systems for health remote monitoring.

3 Results

3.1 Sociodemographic characteristics

The sample consisted of 352 older adults, with a predominance of women (64.5%)
(Table 1). The average age was 74.28+9.68 years for women and 74.22+10.21 years
for men. Most participants were retired (88.4%) and lived in their own homes (96.6%).
Educational attainment was low: 34.1% had completed primary education, 21.6% were
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literate without formal schooling, and only 4.3% held a bachelor’s degree. Regarding
independence, 77.8% were functionally autonomous.

Most participants were retired (88.4%, n =311), with the majority having worked in the
tertiary sector (67.3%, n=237). Nearly all (96.6%, n=340) lived in their own homes; 3.4%
(n=12) resided in care facilities. Most were independent (77.8%, n =274), while 22.2%
(n=78) were dependent of caregiver.

3.2 Perception of remote monitoring

Among participants, 65.3% perceived remote smart wearable systems as useful (65.34%,
n=230). Safety was the most cited benefit 58.7% (n=135), followed by prevention
(24.8%) and control (7.4%). On the other hand, increased anxiety 54.9% (n=67) and
over-monitoring (13.1%) were the most frequent negative perceptions (Table 2).

3.3 Interest in a monitoring wearable system

Interest in using a smart wearable system was high, with 74.4% (1 =263) expressing will-
ingness. The main features that negatively influenced smartwatch adherence were dis-
comfort (62.74%, n=165) and heaviness (31.15, n=86%). In contrast, chest band devices
were preferred if they were comfortable (76.05%, n=200) and soft (34.6%, n=91), and
small (28.9%) (Table 3).

Feelings associated with wearable use were predominantly positive, with 93.91%
(n=247) reporting an increased sense of safety. The mean intention to use was 8.02 +2.73
(on a 0-10 scale), and perceived usefulness scored 7.76 + 3.08.

Features most desired in smart monitoring systems included medication remind-
ers (83.5%), promotion of healthy habits (74.2%), and doctor visit reminders (70.2%)
(Table 4).

Table 2 Utility perception of remote monitoring smart wearable

Utility perception of remote monitoring Frequency %
smart wearable (n=352)

No 122 34,66
Yes 230 65.34

Positive utility perception of remote monitoring
smart wearable (n=230)

Safety 135 58.70
Safety and prevention 57 24.78
Control and safety 17 739
Prevention 10 435
Don't know how to answer 5 217
Anxiety control 2 0.87
Medication control 4 1.74

Negative utility perception of remote monitoring
smart wearable (n=122)

Increased Anxiety 67 54.91
Not necessary 23 18.85
Over measuring 16 13.11
Don't know how to answer 10 8.20
Just in case of disease 5 4.10

Development of obsession 1 0.82
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Table 3 Perception of the importance of biological signals related to health

Interest in wearable system (1=352)  Frequency % Frequency female/male % female/male
Yes (female/male) 263 744 168/95 47.73/26.99
No (female/male) 89 253 59/30 16.76/8.52
Smartwatch features that may reduce Frequency %

the adherence (n=263)

Uncomfortable 165 62.74
Heavy 86 31.15

Big size 84 32.70
Modern 58 22.05
Flashy 54 20.53

Noisy 44 16.73

Chest band features that may increase
the adherence (n=263)

Comfortable 200 76.05
Soft 91 34.60
Small 76 2890
Light 72 27.38
Discreet 64 2433
Simple 62 2357
Other 50 19.01
Silent 49 18.63
Thigh 49 18.63
Feelings regarding smart wearable use (n=263)

Safety 247 9391
Prevention 30 1141
Monitorization 16 6.08

Other: don't know how to answer and only applicable in case of having a disease

Table 4 System features needs reported by the older adults

Warning in case of disturbance (n=352) Frequency %

Warning to medication intake 294 83.53
Warning to do some healthy habits 261 74.15
Warning to go to the doctor 247 70.17

3.4 Technology use

Regarding technology access, 63.9% had smartphones and 36.1% owned a computer. Fre-
quent usage was reported for smartphones (84.4%) and computers (85.0%). Preference
was strong for portable systems (81.5%) and for consulting health data on smartphones
(84.7%) (Table 5).

3.5 Artificial intelligence model

3.5.1 Technology use decision tree

The decision tree model developed using RapidMiner identified technology use fre-
quency as a key predictor for interest in wearable systems. A decision tree can be found
at Appendix 2. The attributes weight can be found at Table 6, being computer frequency
the attribute with more weight.

4 Discussion

The findings reveal significant insights into the adoption of wearable health technologies
among older adults. The high representation of women is consistent with demographic
trends, as women generally have longer life expectancies and tend to participate more
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Table 5 Use of technology equipment’s

Frequency %

Have Computer 127 36.08
Frequency of use of computer (n=127)

Several days per week 108 85.04
Don't use 13 10.24
1 day per week 4 3.15
1 day at 2 weeks 1 0.79

1 day per month 1 0.79
Have Smartphone 225 63.92
Frequency of use of smartphone (n=225)

Several days per week 190 84.44
Every day 24 10.67
1 day per week 9 4.00
Have Tablet 76 21.59
Frequency of use of tablet (n=76)

Don't use 47 61.84
Several days per week 22 28.94
1 day at 2 weeks 4 526
Every day 2 263
Monitorization system (n=352)

Portable System 287 81.53
Unportable System 65 1847
Data consulting (n=352)

Smartphone 298 84.66
Computer 54 15.34
Table 6 Al tree psychometric properties
Attribute Weight
Computer_frequency 1
Tablet_frequency 0.498
Phone_frequency 0.409
Phone 0.215
Tablet 0.035
Computer 0

Accuracy was 71.88%, with high precision (76.80%) and recall (89.35%), especially when smartphone, computer, and tablet
use were considered. Psicometric values can be found at Table 7

Table 7 Al tree psychometric properties

Question Trees Psychometric Properties
Frequency of use Accuracy 71.85% +/- 7.83% (micro average: 71.88%)
Precision 76.65% +/- 3.29% (micro average: 76.80%) (positive class: yes)
Recall 89.32% +/- 9.840% (micro average: 89.35%) (positive class: yes)
Device Accuracy 71.85% +/- 7.83% (micro average: 71.88%)
Precision 76.65% +/- 3.29% (micro average: 76.80%) (positive class: yes)
Recall 89.32% +/- 9.840% (micro average: 89.35%) (positive class: yes)

actively in health-related studies. The low educational level observed reflects the histori-
cal education context of older generations in Portugal [24, 25].

Despite potential barriers, the interest in wearable systems was considerable (74.4%).
Usability factors such as comfort, size, and weight significantly influenced acceptance,
which highlights the necessity of user-centered design in health technologies targeted at



Félix et al. Discover Public Health (2026) 23:12 Page 8 of 21

older populations. Specifically, wearables must accommodate age-related sensory, physi-
cal, and cognitive changes to ensure adoption [12, 18].

The perception of safety as the primary benefit of wearable use reinforces prior lit-
erature emphasizing the role of psychological comfort in technology adoption. Although
prevention (11.4%) and improved health monitoring (6.1%) were also reported, these
values are considerably lower compared to safety (93.9%). Therefore, they should be con-
sidered secondary benefits rather than primary determinants of wearable adoption. This
finding highlights that older adults’ motivation to use these devices is predominantly
driven by the reassurance provided by safety, while prevention and monitoring functions
play a complementary but less decisive role. However, concerns such as increased anxi-
ety and feelings of constant surveillance underline the ambivalence some older adults
feel, revealing a delicate balance between reassurance and stress due to continuous mon-
itoring [8, 9, 19].

The strong preference for portable and smartphone-compatible systems, alongside
frequent use of smartphones and computers, challenges stereotypes about older adults
being resistant to technology. These findings suggest that, with proper design and sup-
port, this demographic is not only capable but also willing to engage with digital health
innovations [3, 4, 20].

The machine learning model further validated that frequency of technology use,
especially smartphones, serves as a reliable predictor for wearable system interest. This
insight supports the implementation of stratified adoption strategies based on digital lit-
eracy levels and prior experience with technology [10, 15].

The high demand for functionalities such as medication alerts and preventive health
prompts indicates that older adults see wearable technologies not only as passive moni-
tors but as active tools for managing their health. This aligns with contemporary models
of aging in place and healthy aging, advocating for proactive, personalized, and technol-
ogy-supported care [7, 15].

Although wearables are primarily designed for continuous health monitoring and the
promotion of healthy habits, in our study older adults consistently highlighted reminder
functions (e.g., medication intake, doctor’s appointments) as one of the most valuable
features. This finding suggests that participants perceive wearables not only as moni-
toring devices but also as supportive tools for daily routine management. Smartphones
already provide widespread and effective reminder functions; however, not all older
adults are comfortable using them consistently. In this context, incorporating remind-
ers into wearables could facilitate adherence by making them more relevant to the
user’s perceived needs and reducing reliance on more complex devices. Thus, reminders
should not be seen as the primary function of wearables but as a complementary feature
that may improve acceptance and long-term use [20, 26—28].

Despite the promising findings, this study has some limitations. One major concern
relates to the use of convenience sampling, which, although effective in securing partici-
pation, may have introduced selection bias. Participants were recruited based on avail-
ability and willingness to participate, which likely favored individuals who are more open
to technology and research engagement. As a result, the generalizability of the findings
to the broader older adult population is limited and should be interpreted with caution.
Other limitation of this approach is that it does not allow for a direct comparison of both
positive and negative factors across the two devices. While this methodological choice
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reduced potential bias in participants’ responses, it restricted the possibility of system-
atically contrasting strengths and weaknesses within the same device.

Another important limitation is the exclusive reliance on self-reported data, which
is subject to social desirability bias—particularly in responses related to interest in and
perceived benefits of wearable technology. Furthermore, psychological constructs such
as digital self-efficacy and technology-related anxiety were not assessed using validated
instruments, which may have restricted the depth of analysis regarding user readiness
and psychological barriers. In addition, the cross-sectional nature of the study prevents
any inference of causality between the variables studied. Future research should address
these gaps through longitudinal designs and probabilistic sampling methods to enhance
the robustness and external validity of the results.

Additionally, the assessment of eligibility and exclusion criteria was not based on stan-
dardized clinical instruments, relying instead on informal tasks. This arbitrariness repre-
sents a methodological limitation that may have influenced sample selection and should
be addressed in future studies by adopting validated tools.

Given these considerations, we recommend the implementation of targeted digital
literacy programs tailored to the needs of older adults to enhance their familiarity and
comfort with wearable health technologies. Additionally, randomized controlled tri-
als could be valuable in evaluating the real-world impact of these systems on clinical
outcomes such as medication adherence, physical activity, and chronic disease man-
agement. Collaborative efforts with technology developers should also be encouraged
to promote a co-design approach that aligns device ergonomics and features with the
physical and cognitive profiles of older users, thereby fostering greater adoption and sus-
tained use [29, 30].

Appendix

Appendix 1
+ Questionnaire to older adults:

This questionnaire is an instrument used in the research project SAFHE - SAFe Health
Elderly Monitoring with the objective of characterizing the needs for the use of a vital-
BAN, cardioBAN and new technologies in the monitoring of the health status of older
adults and their caregivers. We therefore ask that you answer as honestly as possible.
Your data will only be used for research purposes and will only be shared with the team
that analyzes them. Thank you in advance for your participation, it will be extremely
important!

Declaration of informed consent

By accepting the option “Yes, I accept and I am aware of what will be asked of me and
what it is for” I was informed that the aforementioned Research Study is intended to char-
acterize the needs for the use of a vitalBAN, cardioBAN and new technologies in moni-
toring health status in older adults. I know that in this study, questionnaires are planned,
having been explained to me what they consist of and what their possible effects are. I was
assured that all data relating to the identification of participants in this study are confi-
dential and that anonymity will be maintained. I know that I can refuse to participate or
stop participating in the study at any time, without any penalty for this fact. I understood
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the information given to me, I had the opportunity to ask questions and my doubts were

clarified. I agree to participate voluntarily in the aforementioned study. I also authorize

the dissemination of the results obtained in the scientific environment, guaranteeing ano-

nymity. Researcher Name and Contact: Andreia Sofia Pinheiro de Sousa, asp@ess.ipp.pt.

1.

Let’s start the questionnaire with a very simple task. I will repeat three words and later
I will ask you what they were. Repeat after me: Lemon, key and plane.
Which sex do you most identify with?

Femine.
Masculine.

I rather not tell.
Other

How old are you in years? (Indicate a number): .

4. What is your education level (Select the most appropriate option with an O):

Can't
read
or
write

Can  Incom-  Primary Primary Primary Sec- Sec- Bach- Post- Mas- Doc-
read plete education education education ond- ond- elor's grad- ters tor-
and  Primary Incomplete ary ary or uate ate
write  Education edu- edu- Bach- stud-

ca- ca- elor's ies

tion tion de-

In- gree

com-

plete

5. You are retired from what profession:

What is your Marital Status (Select the most appropriate option with an x):

Single.

Married.

Widowed.

Union.
Divorced/Separated.
Other: .

What is your usual address? (select with an X the most suitable option)

Own house.

House of a family member.
House of a caregiver.
Residence.

i. How many years have you been at this address? Years:

8. Do you have a caregiver to accompany you to medical appointments?

Yes.
No.
Other

Page 10 of 21
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*

*

*

10.How many hours a day is the caregiver with you?

Do you have a caregiver to accompany you in some of the most important tasks
(meals, banking, shopping)?

Yes.
No.
Other

11.What is your relationship with your caregiver?

*

*

Child.

Husband.

Wife.

Nephew.

Friend.

Hired Professional.
Other

12.In the last month, have you been feeling well?

Sad.

Unmotivated.

None of the options.
Well.

Happy.

Motivated.

Other

13.In the last month, have you been feeling discouraged or unwilling to carry out your

activities?

Yes, but I also do the activities.
Yes, but I end up not doing the activities.
No, but I also do the activities.
No, but I end up not doing the activities.

14.Do you have any of these health problems? If yes, indicate which. You can tick several.

Arterial hypertension;
Diabetes mellitus;
High cholesterol;
Other, which:

15.Do you take any medication daily?

Yes (go to the next question — 15.a).
No (go to question 16).
The medication you take is for:

i. Hypertension.
ii. Cholesterol.

iii. Diabetes mellitus.

Page 11 of 21
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iv. Cardiorespiratory diseases.
v. Musculoskeletal diseases.
vi. Rheumatic diseases.
vii.Neurological diseases.

viii. Others:

Yes (move on to question i.)
No (move on to question 17).

i. What was the reason for the fall?

i. Slip.

ii. Trip.

iil. Losing consciousness.

iv. Dizziness.

v. Weakness of the lower limbs.
vi. No apparent reason.
vii.Don’t remember.

viii. Other:

ii. If so, in or out of the house?

Inside the house.

ii. Away from home.
iii. Both locations.

iii. If so, did you need medical attention?

Yes (move on to question 16iv.)

. No (move on to question 16vi.)

iv. If you needed medical attention, tell me where you had access to that care?

Hospital.

ii. Health center.
iii. Health professional in home context (dressings).
iv. Other: .

v. If you had a hospital intervention, how many days did you need care (hospitalized
and/or curated)? (Enter a number)

vi. Have you had restrictions on your daily activities? (walking, talking, eating, personal
hygiene)

Yes (move on to question 16.vii).

. No (move on to question 16.viil).

vii.If so, how many days?

i viii. Did you have a fracture?

ii. Yes (move on to question 16.ix).

Page 12 of 21
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iii. No (move on to question 17).

ix. If you've had a fracture, do you indicate the region?

i. Skull.
ii. Spine.
iii. Ribs.

iv. Clavicle.
v. Arm.
vi. Forearm.
vii.wrist.
viii. Pelvis.
ix. Thenca (femur neck).
x. Thigh.
xi. Knee.
xii.Pafter.
xiii. Ankle.
xiv. Foot.
xv. Other:

17.Are you afraid of falling?

+ Yes (move on to the next question - 17.a).
+ No (move on to question 18).

i. 17.a- If you're afraid of falling, tell me what the reasons were?
i. Fear of getting hurt.
ii. Fear of reprisals from caregivers.

iii.

=

Fear of not being helped.
iv. Other: .

18.How many hours a day you sit on:

e 1to2h.
e 3to4dh.
e 5to6h.
e 7to8h.
» All daylong.

Questions related to health variables:

19.How often do you go to the doctor? (Select with an x the most appropriate option):

Every Every2 Every3 Every4 Every5 Every6 Once Only Only

month ~ months months months months months a when when
year I'm they
sick  make

me

20.When you go to the doctor, do you like to?
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*

*

*

Know if I'm okay or have a problem.
Know in detail the values of my exams.
Both options.

21.When you go to the doctor, what subjects would you like the doctor to explain to you:

3

(you can select more than one option)

I would like the doctor to hear more, to give more attention to the information That I
share and have more time with me.

I would like the doctor to explain my condition/illness further.

I would like the doctor to explain to me more about my treatment, what medicines
(treatment reason, consequences of medicines, what I cannot ingest).

I would like the doctor to explain more the other therapies I should do
(physiotherapy), healthy habits,

The doctor chooses how to say the information.

With COVID-19 infection, it is necessary to monitor the patient’s health in order to

understand how he is, as well as develop and the disease. Thus, health professionals, care-

givers and patients should be aware of values of arterial pression, cardiac frequence, and

eletrocardiography, oxygen saturation of the blood, galvanic response of the skin, respira-

tory rate, glucose, body temperature and physical activity, since this information indicates

the patient’s health status. Thus, some questions are presented regarding the way in which

this information is presented, as well as how relevant it may be to you.

22.Do you find it useful to monitor your health every day?

3

*

Yes (if yes, justify it) .
No (if not, justify) .

23.For you, what is more important, knowing the value of your vital signs, or knowing

the level (low, moderate, high) of them? For example: A Heart Rate of 110 beats per
minute (value) at rest is also a high heart rate (qualitative rating) (Choose the option
that makes the most sense to you).

a. (the image indicate the Heart rate — high (a), number (110 bpm) (b), and both

information b. c.

Frequencia Respiratéria Frequencia Respiratéria
Frequéncia Cardiaca Frequéncia Cardiaca
Massa Corporal Massa Corporal
Saturago de Oxigénio Saturagéo de Oxigénio
Temperatura Corporal Temperatura Corporal

Page 14 of 21
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24.For you, in order of relevance, which of the information is most important s (use only
those that knows its meaning):

+ Blood pressure, Heart rate, Electrocardiography, Oxygen saturation in the blood,
gallenic response of the skin, respiratory rate, glucose, body temperature, physical
activity;

25.Would you be interested in using a vitalBAN and a cardioBAN (a system consisting
of a wristband and a band that puts on your chest and that monitors your vital signs
such as heart rate and frequency of respiratory cycles, among others) todos the days?

+ Yes (if yes, move on to question 26).
+ No (if not, move on to question 27).

26.What can't have a watch so you could wear it every day?

27.What should a vitalBAN (bracelet) watch have in terms of comfort so you could wear
it every day?

28.Would you use a vitalBAN ( wristband) that would monitor your health?

+ Yes, (if yes, justify) .

+ No, (if not, justify) .
+ Other:
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29.Would it feel safer if a technology system monitored your health permanently?

+ Yes, (if yes, justify) .
+ No, (if not, justify)
+ Other:

30.Would you have a vitalBAN (wristband) and a cardioBAN (chest band) that
would monitor your health from a distance for you, a caregiver or a health care
professional? On a scale of 1 to 10, where 1 corresponds to “wouldn’t use” and 10
“would use permanently,” your willingness to use the system would be:

g -1 2 8 ‘4 .95 O -89 10

31.In case of COVID-19 isolation, how useful would it be to use a vitalBAN (wristband)
and a cardioBAN (chest band) that would monitor your health? Indicate for you the
usefulness on a scale of 1 to 10, where 1 corresponds to “not very useful” and 10 “very
useful”:

0 1 2 8 ‘4 5 6 ¥ &9 W

32.For a vitalBAN (wristband) and a cardioBAN (chest band) that monitor your health,
check which of the following features is most important to you (you can check several
options):

+ Warn to take the medication;

+ Warn of disease situations;

+ Notify the doctor of your health status;
« Warn for healthy habits;

33.If you had a vitalBAN (wristband) and a cardioBAN (chest band) thatmonitored
your health, what would you like the system to tell you, or go beyond the variables
presented to you?

Other technology issues:
34.Do you know how to use a computer?

+ Yes (if yes move on to question 35).
+ No (if not, move on to question 36).

Page 16 of 21
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35.How much do you use the computer?

1 day per  Sev- 1 time 1time per 1time 1 time 1 time 1 time per Irregular,
week eral daysa every2 month every 2 every 4 every 6 year but less
week weeks months month month then 1
time per
year

36.Do you know how to use a mobile phone in other tasks besides making calls?

+ Yes (if yes move on to question 37).
+ No (if not, move on to question 38).

37.How much do you use the mobile phone:

1 day per  Sev- 1 time 1time per 1time 1 time 1 time 1 time per Irregular,
week eral daysa every?2 month every 2 every 4 every 6 year but less
week weeks months month month then 1
time per
year

38.Do you know how to use a tablet?

+ Yes (if yes move on to question 39).
+ No (if not, move on to question 40).

39.Usually use tablet:
1 day per  Sev- 1 time 1time per 1time 1time 1 time 1 time per Irregular,
week eral daysa every2 month every 2 every 4 every 6 year but less
week weeks months month month then 1
time per
year

40.In the caseof C OVID-19, regularly monitoring your health status is very important.
In this sense, would you prefer a system in which you could monitor yourself at your
will when you want, or a system that monitors you constantly and autonomously?

+ I'd prefer a system that I can decide when and where to monitor myself.
4

(€
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+ Id rather have a system that could monitor me without any command on my part.

41.In the case of COVID-19, when using a system capable of regularly monitoring your
health status, would you prefer a vitalBAN (wristband) and cardioBAN (chest band)
system in which you could consult your data on it, or would you prefer a system in
which you could check your data on a mobile phone or tablet?

+ Ipreferred a system that I could query the data on the computer.
+ Ipreferred a system that I could query the data on the phone.

Thank you for your time. Your opinion was very helpful and will be extremely valuable
for the development of the project.

Appendix 2
See Fig. 1
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Fig. 1 Decision tree

Author contributions

1. José Félixo Conceptualization: Contributed to defining the research scope and main objectives.o

Data Curation: Managed the organization and quality control of the collected data.o Writing - Original Draft: Drafted
sections of the manuscript, including results and discussion.o Supervision: Provided guidance on
methodology and ethical considerations.o Writing - Review & Editing: Assisted in revising the manuscript.2.
Juliana Moreirao Data Curation: Managed the organization and quality control of the collected data.o
Investigation: Conducted fieldwork and administered surveys.3. Soraia Pereirao Investigation: Assisted
with participant recruitment and data collection.o Writing - Original Draft: Drafted major portions of the
manuscript and ensured coherence 4. Diana Guedeso Investigation: Assisted with participant
recruitment and data collection.o ~ Writing - Original Draft: Drafted major portions of the manuscript and ensured
coherence.5. Catarina Sdo Software: Developed and implemented analytical models using SPSS
and RapidMiner.o Formal Analysis: Applied machine learning techniques for predictive modeling.o Writing -
Review & Editing: Reviewed the manuscript for technical precision.6.  Rubim Santoso Supervision: Oversaw
the analytical and technical aspects of the research.o Conceptualization: Contributed to defining the theoretical
framework.o Writing - Review & Editing: Reviewed and refined the manuscript.o Funding Acquisition:
Secured financial support for the study.7. Brigida Fariao Validation: Ensured compliance with

ethical standards and study protocols.o Writing - Review & Editing: Assisted in revising the manuscript.8.

Elina Kontioo Resources: Provided access to software and analytical infrastructure.o  Investigation:
Supported the fieldwork and participant engagement.o  Writing - Review & Editing: Reviewed the manuscript and
provided critical insights.9. Ana Rita Pinheiroo Formal Analysis: Participated in interpreting the statistical
results.o  Writing - Original Draft: Authored sections related to methodology and results.10.  Andreia S. P. Sousao
Conceptualization: Led the development of the research idea and objectives.o Supervision: Oversaw the analytical
and technical aspects of the research.o Project Administration: Coordinated the entire research process and
team.o Writing - Original Draft: Drafted major portions of the manuscript and ensured coherence.o Writing -
Review & Editing: Assisted in revising the manuscript.

Funding

This research was funded by the Centro de Investigacdo em Reabilitagdo-Fundacéo para a Ciéncia e Tecnologia (FCT)
through R&D Units funding [UID/5210/2025; DOI https://doi.org/10.54499/UID/05210/2025] and European Union
[PORTIC/SAFHE/BI/2022/01]. ARP is funded by iBIMED - Institute of Biomedicine (DOI https://doi.org/10.54499/UIDB/045
01/2020 and DOI https://doi.org/10.54499/UIDP/04501/2020).

Data availability
Data is provided within the manuscript files. For more information the authors should be contacted.

Declarations

Ethics approval
and accordance.



Félix et al. Discover Public Health (2026) 23:12 Page 20 of 21

The protocol was submitted and approved by the Ethics Committee of the Health School of Polytechnic of Porto
receiving the code CE0075C, in accordance with the recommendations of the American Psychological Association’s
Code of Ethics and the Declaration of Helsinki.

Consent to participate
Informed consent was obtained from all individual participants included in the study.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Health Sciences of Vale do Ave, Polytechnic and University Higher Education Cooperative, Rua José
Antonio Vidal, 81, Vila Nova de Famalicdo 4760-409, Portugal

2Centro de Investigagdo em Reabilitacéo, Escola Superior de Saude, Instituto Politécnico do Porto, rua Dr. Anténio
Bernardino de Almeida, 400, Porto 4200-072, Portugal

3Depar‘[men‘[ of Medical Sciences (DCM), University of Aveiro, Agras do Crasto 30, Campus Universitario de Santiago,
Aveiro 3810-193, Portugal

4Unidade Local de Satide do Nordeste - Unidade Hospitalar de Mirandela, Avenida Nossa Senhora do Amparo,
Mirandela 5370-210, Portugal

SEscola Superior de Saude, Instituto Politécnico do Porto, rua Dr. Anténio Bernardino de Almeida, 400,

Porto 4200-072, Portugal

SArtificial Intelligence and Computer Science Laboratory (LIACC- Member of LASI LA), Rua Dr. Roberto Frias, sn,
Porto 4200-465, Portugal

’Faculty of ICT and Industrial Engineering, Turku University of Applied Sciences, Turku, Finland

8Institute of Biomedicine (iBIMED), School of Health Sciences (ESSUA), University of Aveiro, Agras do Crasto 30,
Aveiro 3810-193, Portugal

Received: 7 July 2025 / Accepted: 15 December 2025
Published online: 05 January 2026

References

1. LiZ Zhang Z,RenY,Wang, Fang J, Yue H, et al. Aging and age-related diseases: from mechanisms to therapeutic strate-
gies. Biogerontology Abril De. 2021,22(2):165-87.

2. National Research Council (U.S.), editor. Preparing for an aging world: the case for cross-national research. Washington,
D.C: National Academy; 2010. p. 308.

3. Mace RA, Mattos MK, Vranceanu AM. Older adults can use technology: why healthcare professionals must overcome age-
ism in digital health. Transl Behav Med. 30 de dezembro de. 2022;12(12):1102-5.

4. YapYY, Tan SH, Choon SW. Elderly’s intention to use technologies: a systematic literature review. Heliyon Janeiro De.
2022;8(1):08765.

5. Pech M, Sauzeon H, Yebda T, Benois-Pineau J, Amieva H. Falls detection and prevention systems in home care for older
adults: myth or reality? JMIR Aging 9 De Dezembro De. 2021,4(4).€29744.

6. Wegener EK, Kayser L. Smart health technologies used to support physical activity and nutritional intake in fall prevention
among older adults: a scoping review. Exp Gerontol Outubro De. 2023;181:112282.

7. Bertolazzi A, Quaglia V, Bongelli R. Barriers and facilitators to health technology adoption by older adults with chronic
diseases: an integrative systematic review. BMC Public Health 16 De Fevereiro De. 2024;24(1):506.

8. Moxley J, Sharit J, Czaja SJ. The factors influencing older adults’ decisions surrounding adoption of technology: quantita-
tive experimental study. JMIR Aging 23 De Novembro De. 2022;5(4):¢39890.

9. Javdan M, Ghasemaghaei M, Abouzahra M. Psychological barriers of using wearable devices by seniors: a mixed-methods
study. Comput Hum Behav Abril De. 2023;141:107615.

10.  Farivar S, Abouzahra M, Ghasemaghaei M. Wearable device adoption among older adults: a mixed-methods study. Int J Inf
Manag Dezembro De. 2020;55:102209.

11, Canali S, SchiaffonatiV, Aliverti A. Challenges and recommendations for wearable devices in digital health: data quality,
interoperability, health equity, fairness. Mulvaney S, editorPLOS Digit Health. 13 de outubro de. 2022;1(10):e0000104.

12. Hul, ChenY, Cao E, HuW. User experience & usability of wearable health device: a bibliometric analysis of 2014-2023. Int
JHuman-Computer Interact. 4 de julho de 2024;1-20.

13. Mennella C, Maniscalco U, De Pietro G, Esposito M. Ethical and regulatory challenges of Al technologies in healthcare: a
narrative review. Heliyon Fevereiro De. 2024;10(4):e26297.

14.  Badr J, Motulsky A, Denis JL. Digital health technologies and inequalities: a scoping review of potential impacts and policy
recommendations. Health Policy Agosto De. 2024;146:105122.

15.  Alruwaili MM, Shaban M, Elsayed Ramadan OM. Digital health interventions for promoting healthy aging: a systematic
review of adoption Patterns, Efficacy, and user experience. Sustain 2 De Dezembro De. 2023;15(23):16503.

16. Choukou MA, Olatoye F, Urbanowski R, Caon M, Monnin C. Digital health technology to support health care professionals
and family caregivers caring for patients with cognitive impairment: scoping review. JMIR Ment Health 11 De Janeiro De.
2023;10:240330.

17. Seo YW, La Marca V, Tandon A, Chiao JC, Drummond CK. Exploring the design for wearability of wearable devices: a scop-
ing review. Computers 5 De Dezembro De. 2024;13(12):326.

18.  Francés-Morcillo L, Morer-Camo P, Rodriguez-Ferradas MI, Cazén-Martin A. Wearable design requirements identification
and evaluation. Sens 2 De Maio De. 2020;20(9):2599.



Félix et al. Discover Public Health (2026) 23:12

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

Moore K, O'Shea E, Kenny L, Barton J, Tedesco S, Sica M et al. Older adults experiences with using wearable devices: quali-
tative systematic review and meta-synthesis. JMIR MHealth UHealth. 3 de junho de. 2021;9(6).e23832.

Chandrasekaran R, Katthula V, Moustakas E. Too old for technology? Use of wearable healthcare devices by older adults
and their willingness to share health data with providers. Health Inf J Outubro De. 2021;27(4):14604582211058073.
Jokisch MR, Schmidt LI, Doh M. Acceptance of digital health services among older adults: findings on perceived useful-
ness, self-efficacy, privacy concerns, ICT knowledge, and support seeking. Front Public Health 13 De Dezembro De.
2022;10:1073756.

Ferguson C, Hickman LD, Turkmani S, Breen P, Gargiulo G, Inglis SC. Wearables only work on patients that wear them:
barriers and facilitators to the adoption of wearable cardiac monitoring technologies. Cardiovasc Digit Health J Abril De.
2021,2(2):137-47.

Schroeder T, Haug M, Gewald H. Data privacy concerns using mHealth apps and smart speakers: comparative interview
study among mature adults. JMIR Form Res 13 De Junho De. 2022,6(6):e28025.

Lopes DG, Mendonca N, Henriques AR, Branco J, Canhao H, Rodrigues AM. Trajectories and determinants of ageing in por-
tugal: insights from EpiDoC, a nationwide population-based cohort. BMC Public Health 17 De Agosto De. 2023;23(1):1564.
OECD. Education policy outlook in Portugal. OECD.

Paolillo EW, Lee SY, VandeBunte A, Djukic N, Fonseca C, Kramer JH et al. Wearable use in an observational study among
older adults: Adherence, Feasibility, and effects of clinicodemographic factors. Front Digit Health. 10 de junho de
2022;4:884208.

Hayes TL, Cobbinah K, Dishongh T, Kaye JA, Kimel J, Labhard M, et al. A study of Medication-Taking and Unobtrusive, intel-
ligent reminding. Telemed E-Health Outubro De. 2009;15(8):770-6.

Rybenskad K, Knapova L, Janis K, Kihnova J, Cimler R, Elavsky S. SMART technologies in older adult care: a scoping review
and guide for caregivers. J Enabling Technol 8 De Novembro De. 2024;18(4):200-22.

Bevilacqua R, Stara V, Amabili G, Margaritini A, Benadduci M, Barbarossa F et al. e-VITA study protocol: EU-Japan virtual
coach for smart aging. Front Public Health. 12 de margo de 2024;12:1256734.

Maranesi E, Amabili G, Cucchieri G, Bolognini S, Margaritini A, Bevilacqua R. Understanding the acceptance of loT and
social assistive robotics for the healthcare sector: a review of the current User-Centred applications for the older users. In:
Scataglini S, Imbesi S, Marques G, editors. editores. Internet of things for Human-Centered design. Studies in Computa-
tional Intelligence. Volume 1011. Em: Singapore: Springer Nature Singapore; 2022. pp. 331-51. . https://doi.org/10.1007/97
8-981-16-8488-3_16.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 21 of 21



