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Abstract

Background: Spain has an increasingly aging population in rural areas. These individuals
often face the burden of illness and the limitations it causes in solitude, leading to greater
impacts on their health and quality of life. Therefore, the aim of this study was to evaluate
the effectiveness of a combined IoT-based home monitoring and Silver Caregiver support
intervention on health-related quality of life and functional, cognitive, emotional, and so-
cial outcomes in older adults living alone in rural settings. Material and methods: A lon-
gitudinal study was conducted with a sample of 144 older adults from rural areas who
received home support through a Silver Caregiver and IoT technology. Results: Statisti-
cally significant differences were observed in cognitive status, anxiety, depression, family
functionality, social support, life satisfaction, and quality of life. Conclusions: The findings
indicate that the combined intervention primarily enhances psychological well-being, so-
cial connectedness, and perceived quality of life while contributing to the maintenance of
basic physical function in older adults living in rural areas.

Keywords: IoT technology; Silver Caregiver; sensor technologies; healthcare monitoring;
Rural Health Services; older adults; quality of life; health status

1. Introduction

In recent decades, life expectancy has experienced remarkable growth. This achieve-
ment, although positive, brings with it a new challenge for societies: population aging. As
noted in [1], this phenomenon generates a series of challenges that we must face. Aging
can be defined as “a dynamic, gradual, natural, and inevitable process that develops in
the biological, psychological, and social aspects of individuals and is structured around
time” [2,3]. Likewise, when discussing the phenomenon of population aging, the im-
portance of addressing this issue within the health sector is emphasized, since it is our
responsibility to meet the new needs driven by demographic dynamics and the increase
in demand for health services among the elderly population [4-6]. According to the World
Health Organization (WHO) bulletin on aging, by the year 2050, there will be more people
over 65 years of age than children under 14 years of age [7].
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From a biological perspective, aging occurs as a result of the progressive accumula-
tion of various types of molecular and cellular damage over time. This leads to a gradual
decline in physical and mental capacities, an increased risk of disease, and ultimately,
death [8,9]. Furthermore, as populations age, the prevalence of multimorbidity increases
substantially, making comorbid conditions a major determinant of mortality and func-
tional decline in older adults [10]. Moreover, in the context of Spain, the rural environment
covers 90% of the territory and is home to approximately 20% of the older population [11].
In 2019, Castilla y Ledn was the second autonomous community to record the highest
percentage of people over 65 years of age, with 25.3% [12]. Thus, it is expected that rural
areas will be predominantly populated by older people. Therefore, the autonomous com-
munities of Spain with a more aged population also tend to be the most rural, as in the
case of Castilla y Ledn, which is characterized by smaller population centers [13], a phe-
nomenon known as the “empty Spain” [14].

Current transformations are resulting in many older people becoming disconnected
from certain services. Several studies have highlighted specific characteristics of elder care
in rural settings, such as difficulties in accessing hospital systems, social centers, or day
centers. This is due to the fact that the network of social and health services and public
support is less robust in rural areas compared to urban ones [15]. Therefore, one of the
main objectives of public health today is to promote and maintain the health and well-
being of an increasingly diverse aging population. In formulating a public health response
to aging, the WHO [16] points out that it is important to consider not only the factors that
mitigate losses associated with old age but also those that can strengthen recovery, adap-
tation, and psychosocial growth. In other words, the aim is to maintain, strengthen, and/or
compensate for the loss of independence in life.

It is important to note that the burden of disease among the older adult population
is significant due to the presence of chronic non-communicable diseases, with a marked
increase observed in the burden of mental illnesses as a result of the various changes and
adaptations older adults must face at this stage of life. Among the recognized changes in
older people is the feeling of loneliness, which is considered a predictor of anxiety and
depression, as well as the development of other health conditions [17-20].

The consequences of loneliness, or the fact that these older adults live alone, can be
broken down into physical, psychological, and social dimensions. In the physical dimen-
sion, alterations may arise in their functional and nutritional status, limitations in carrying
out activities of daily living (ADLs) or instrumental activities of daily living (IADLs), bal-
ance and gait problems that lead to falls, or difficulties regarding their autonomy and in-
dependence, which may translate into a risk of disability and frailty in older people. In
the psychological dimension, anxiety or depression, among others, may be experienced.
Meanwhile, in the social dimension, social prejudice and feelings of isolation related to a
lack of family or social support may emerge [21,22]. All of this directly impacts the quality
of life (QoL) of these individuals and their life satisfaction. Loneliness tends to increase
among older adults who are not institutionalized as they advance in age [23]. In this con-
text, it becomes crucial to develop monitoring programs and interventions for the preven-
tion of loneliness and the maintenance of health in this population group [24].

The existence of information and communication technologies (ICTs) offers older
adults the opportunity to enhance and improve their development both individually and
socially, serving as a means to promote their autonomy and to support prevention and
care, thus contributing to improving their QoL in technical, economic, political, and cul-
tural aspects [25,26]. As evidenced by previous research [27,28], assistive technologies and
new technologies play a significant role in this regard. However, due to the constant
change, creation, and updating of technology, there is a need to conduct this study using
Internet of Things (IoT) technology [29,30].
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IoT technology refers to the grouping and interconnection of various devices and
objects through an internet network, where people can connect, interact, and exchange
data. These objects may range from sensors to mechanical devices embedded in everyday
items, such as doors, refrigerators, footwear, and beds. This enables seamless communi-
cation between people with minimal human intervention, with technology itself respon-
sible for collecting data, recording, monitoring, or adjusting each interaction among con-
nected things, directly linking the physical and digital worlds and facilitating their coop-
eration [31-33]. The use of IoT devices for home monitoring in older adults has been
shown to improve the early detection of health problems and enhance autonomy, espe-
cially in vulnerable and rural settings [34]. Likewise, digital health interventions such as
mobile applications and sensors facilitate prevention and personalized care in aging,
showing great potential to reduce access gaps in remote areas [35]. The use of telemedicine
significantly increases access and continuity of care in rural areas, helping to overcome
geographical barriers and improving the quality and equity of health services [36].

Therefore, the aim of this study was to evaluate the effectiveness of a combined in-
tervention based on IoT-enabled home monitoring and personalized support provided by
trained Silver Caregivers on health-related quality of life, functional status, cognitive per-
formance, emotional well-being, and social support in older adults living alone in rural
areas. Specifically, this study sought to examine whether the integration of continuous
sensor-based monitoring with regular caregiver accompaniment and supervision could
contribute to maintaining autonomy, improving safety at home, and enhancing overall
well-being during daily living in this population.

2. Materials and Methods

2.1. Study Design and Participants

This longitudinal study was carried out by the University of Burgos (UBU) in collab-
oration with the Provincial Council of Zamora, the Regional Government of Castilla y
Leon, and the Zamora Silver Economy Territory. The sample included 144 older adults
living in rural areas. The participants were recruited through local community centers,
primary care units, and senior associations in the Provincial Council of Zamora. Recruit-
ment was conducted via informational sessions and coordination with healthcare profes-
sionals who identified eligible individuals meeting the inclusion criteria. The sample was
therefore based on voluntary participation and convenience selection; although it reflects
the demographic profile of the older population in the region, it cannot be considered fully
representative.

The inclusion criteria were as follows: (1) dependent users from the Tierra de Cam-
pos—-Pan-Lampreana area; (2) signing of informed consent; (3) absence of cognitive im-
pairment (the absence of cognitive impairment was verified using the Mini-Mental State
Examination (MMSE), and only participants who scored above 24 points, indicating nor-
mal cognitive status without cognitive impairment, were included in the study); (4) au-
tonomy to carry out ADLs; and (5) living alone with/without family support. As exclusion
criteria, all participants who did not sign the informed consent and those with total or
severe dependence, measured using the Barthel Index, were excluded. The inclusion and
exclusion criteria were applied consecutively until the required sample size was reached,
ensuring representativeness of older adults living independently in rural areas. Screening
was conducted by social and health professionals of the collaborating institutions using
standardized evaluation forms to verify eligibility.
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2.2. Procedure

For the collection of the sample in this study, the Regional Government of Castilla y
Leon first selected, during 2022, the unique project entitled “Silver Caregivers and Rural
Innovation in Elderly Care Contexts”, developed by the Provincial Council of Zamora.
This project was communicated to the Ministry for the Ecological Transition and the De-
mographic Challenge, as stated in the certificate issued by the General Secretariat for the
Demographic Challenge of that Ministry. The purpose of this project was to contribute to
the sustainable development of the Tierra de Campos-Pan-Lampreana area (Zamora)
through the implementation of a productive and innovative ecosystem based on the care
economy and digitalization, consolidating the objectives of the Silver Economy strategy
in each of the municipalities within the region.

Likewise, an innovative plan was launched to promote and strengthen the role of the
“Silver Caregiver,” a professional who fosters autonomy and supports the permanence of
older adults in their homes through a process of preventive accompaniment and monitor-
ing of their routines in their everyday environment, in coordination with other agents
involved in care and attention.

The aim, therefore, was to stimulate specialized and high-quality care for elderly and
dependent residents, respond to cases of isolation and loneliness, foster autonomy at ad-
vanced ages, support a longer stay in their homes, and safeguard their organic, functional,
cognitive, emotional, and material well-being while promoting social inclusion, self-de-
termination, respect for their rights, and personal development. This project encompasses
all these factors, digitalizing the care and attention provided to older adults through ICT
solutions (such as remote care based on IoT technology and intelligent systems for moni-
toring home routines), with special emphasis on the “Silver Caregivers” as the main actors
in the implementation of these new techniques.

The data collection process was standardized across all municipalities. All assessors
received prior training from the research team to ensure uniform application of the eval-
uation instruments and consistency in data recording. Data were collected during home
visits at baseline and after six months of intervention. All questionnaires were adminis-
tered in person by the Silver Caregiver or a trained researcher, following standardized
interview protocols to minimize measurement bias and ensure comparability across as-
sessments.

The municipalities involved were Almaraz de Duero, Belver de los Montes, Be-
negiles, Cafiizo, Castronuevo, Coreses, Manganeses de la Lampreana, Molacillos, Mon-
farracinos, Roales, San Cebrian de Castro, Valcabado, Villafafila, Villanueva del Campo,
Villarin de Campos, and Villaseco del Pan (Zamora, Spain).

This research was designed as a longitudinal pre-post intervention study conducted
over a defined follow-up period. The study was structured into three main stages in order
to systematically assess changes over time associated with the combined IoT-based mon-
itoring and Silver Caregiver intervention.

In the first stage (baseline assessment), participants were evaluated in their homes
prior to the implementation of the intervention. Sociodemographic data, clinical charac-
teristics, comorbidity, functional status, cognitive performance, emotional state, social
support, family functionality, life satisfaction, and health-related quality of life were col-
lected using standardized assessment instruments.

The second stage corresponded to the intervention phase, during which participants
received continuous home monitoring through IoT sensor technologies combined with
personalized support provided by trained Silver Caregivers. This phase included remote
monitoring of daily routines, detection of risk situations, regular in-person visits, emo-
tional support, and assistance with daily activities, according to individual needs.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975

5 of 21

The third stage (post-intervention assessment) was conducted after approximately
three months of intervention. During this phase, the same assessment protocol used at
baseline was reapplied in order to evaluate changes in the monitored variables over time
and to determine the impact of the intervention on participants” health, autonomy, and
well-being.

Data collection was carried out by designated personnel, and the data were anony-
mized before being shared with the research team, remaining anonymous and aggregated
from that moment onward. Informed consent was obtained from the study participants,
ensuring voluntariness and anonymity. Data processing was carried out in compliance
with the European Data Protection Regulation and Organic Law 3/2018 on the Protection
of Personal Data and the Guarantee of Digital Rights. The study protocol received ap-
proval from the Ethics Committee of the University of Burgos (Reference: UBU IR 29/2019),
in accordance with the Declaration of Helsinki. All participants provided written in-
formed consent prior to participation.

The minimum sample size required was estimated using G*Power 3.1 software, con-
sidering an expected medium effect size (f =0.25), a statistical power of 0.80, and an alpha
level of 0.05 for repeated-measures analyses. The calculation indicated a minimum of 128
participants; thus, the final sample of 144 exceeded this requirement. For ANCOVA, as-
suming a mean effect size (f = 0.30), a significance level of 0.05, and a power of 0.80, the
required sample size was approximately 111 participants. Therefore, our final sample of
144 participants also met the sample size requirements for the ANCOVA method.

2.3. Intervention

To carry out the intervention program, the new profile of “Silver Caregiver” was im-
plemented, with one Silver Caregiver assigned per municipality. These caregivers were
trained to promote autonomy, support users in their homes, and assist in monitoring their
routines. Each caregiver was assigned specific tasks, which they reported to their super-
visors within the established deadlines. Their responsibilities included remote monitoring
of daily tasks, establishment of routines, management of resources and incidents, func-
tional, cognitive, social, and emotional assessment of users, intervention through accom-
paniment to healthcare centers, occasional support with household tasks, assistance with
personal care, support in administrative procedures, provision of companionship and rec-
reational activities, preparation of reports, creation of individual records of routines and
schedules, and creation of incident reports, among others.

Each municipality was also provided with resource-monitoring equipment to over-
see users’ routines. The technology applied in the project was IoT technology. This tech-
nology makes it possible to create an environment that monitors people’s activities by
recording, storing, processing, and analyzing information to identify activity patterns. Its
main objectives include, among others, generating new services and professionals dedi-
cated to the care of older adults living in rural settings by implementing service models
based on the use of new technologies to address isolation and loneliness; focusing on pre-
vention and care for older adults living alone; and facilitating the provision of information
to family members, guardians, or professionals responsible for the users’ condition and
progress.

The technological kit included vibration, motion, and door sensors that were in-
stalled in users” homes in locations and objects such as refrigerators, bathrooms, hallways,
living rooms, kitchens, bedrooms, doors, medication pillboxes, walking aids, main en-
trances, and beds. For the Advanced Telecare Project of the Provincial Council of Zamora,
an integrated IoT solution was implemented in the homes of participants. Sensorization
devices—presence and vibration sensors manufactured by Unabiz—were installed and
operated under the Sigfox (0G) low-power wide-area network (LPWAN) protocol. To
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ensure robust network coverage in all areas, several micro base stations (MBSs) were stra-
tegically deployed in municipal buildings across participating towns.

The caregivers’ work followed a hybrid methodology that integrated continuous re-
mote supervision via the SilverDigi digital platform with regular in-person home visits.
Continuous monitoring enabled real-time observation of users’ activity, safety, and daily
routines. The system automatically detected anomalies such as inactivity, falls, or abnor-
mal vital signs and immediately generated alerts to caregivers or authorized family mem-
bers. In addition, caregivers checked the SilverDigi application at least three to four times
per day—typically early in the morning and every 4-6 h thereafter—to confirm that all
devices were functioning correctly and that no deviation from normal activity patterns
had occurred.

Home visits were scheduled according to the individual needs and autonomy levels
of each participant. As a general rule, at least one daily visit was conducted, lasting be-
tween 60 and 90 min, to verify the user’s overall condition, reinforce social and emotional
support, and complement information obtained through the monitoring devices. Depend-
ing on the situation, these visits could include brief control interventions or longer ses-
sions focused on companionship, cognitive stimulation, or assistance with household and
self-care tasks.

The time interval between the first and second assessments was approximately three
months, corresponding to the duration of the intervention program, including baseline
evaluation, implementation phase, and post-intervention assessment.

Data collection began directly at the Unabiz sensors, which transmitted activity in-
formation (presence and vibration events) via the Sigfox network. The transmitted data
were received and integrated into a cloud infrastructure hosted on Amazon Web Services
(AWS). Specifically, the AWS IoT service was used for device message ingestion and man-
agement, allowing the Kwido platform (for Spain) (also hosted on AWS) to process, store,
and visualize this information for social service professionals. The platform generated au-
tomated alerts to inform caregivers of potential risk situations or deviations in users’ nor-
mal routines.

The Kwido platform complies with ISO 27001 [37] and ISO 27701 [38] standards, en-
suring data security and privacy. It also meets the Spanish National Security Scheme
(ENS)—High Level. All AWS data centers used are located within the European Union,
guaranteeing compliance with the General Data Protection Regulation (GDPR). All IoT
devices were powered through the main electricity supply and equipped with battery
backup for up to 24 h. The overall data flow followed a sensor — gateway — cloud archi-
tecture, with AES-256 encryption applied during data transmission and strict access con-
trol implemented at the cloud level.

Access to the collected information was strictly limited to the responsible caregivers
and family members authorized by the user or their legal representative. Different access
levels and permissions were established to ensure confidentiality and data protection.
Both caregivers and authorized relatives could access real-time data visualization through
the SilverDigi app, which remained continuously active.

The caregivers utilized the data generated by the IoT system (for Spain) through a
dual supervision strategy combining real-time monitoring and periodic data analysis.
Real-time monitoring enabled the immediate detection and management of critical
alerts—such as falls or abnormal readings—while monthly reports compiled from the
stored data allowed longitudinal analysis of behavioral patterns, functional decline, and
the effectiveness of the interventions implemented. This combination of immediate super-
vision and periodic review optimized decision-making, improved the quality of care, and
promoted a more preventive and personalized approach to supporting older adults living
in rural areas.
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IoT Alerts and Caregiver Response

In addition to subjective and clinical outcome measures, objective operational data
generated by the IoT monitoring system were recorded during the intervention period.
The system was configured to detect deviations from each participant’s usual daily activ-
ity patterns and to generate alerts when predefined thresholds were exceeded.

The primary alert triggers included prolonged inactivity periods (e.g., absence of de-
tected movement beyond the expected daily routine), abnormal nighttime activity, irreg-
ular door usage patterns, and potential fall-related events detected through vibration or
motion sensors. Thresholds were initially defined based on baseline observations of indi-
vidual routines and were subsequently adjusted by caregivers to account for personal
habits and health status.

During the three-month intervention period, a total of 150 alerts were generated by
the IoT system. Of these alerts, approximately 80% resulted in an active caregiver inter-
vention, such as a phone call, an unscheduled home visit, or coordination with family
members or health services. The average response time from alert detection to caregiver
action was approximately 5 min.

These alert-to-intervention events provided objective evidence of the functional role
of IoT monitoring in supporting decision-making, enabling rapid responses to potential
risk situations, and complementing human caregiving with continuous, real-time super-
vision.

The anomaly detection mechanism implemented in this study was based on a rule-
based logic rather than machine learning models. Predefined thresholds were established
to identify deviations from each participant’s typical daily activity patterns, using baseline
observations collected prior to the intervention.

Thresholds were individualized and included criteria such as prolonged inactivity
beyond the expected daily routine, abnormal nighttime movement, atypical door usage
patterns, and sensor-detected events potentially associated with falls or safety risks. These
thresholds were initially configured based on each participant’s habitual behavior and
were subsequently refined by caregivers to minimize unnecessary alerts and to adapt to
changes in health status or daily routines.

The choice of a rule-based and personalized approach was motivated by the need for
transparency, interpretability, and ease of adjustment in real-world caregiving contexts,
particularly in rural settings where technical support resources may be limited.

Regarding system performance, the false positive rate was not calculated as a classi-
cal algorithmic metric, as the system was designed to support human decision-making
rather than autonomous event classification. However, practical system performance was
assessed through the proportion of alerts that resulted in caregiver action.

During the intervention period, approximately 80% of IoT-generated alerts led to ac-
tive caregiver interventions, while the remaining alerts (approximately 20%) were re-
viewed and classified as non-critical after verification. This proportion provides an ap-
plied proxy for the false positive burden and suggests that the system maintained a man-
ageable alert load without overwhelming caregivers in daily practice.

2.4. Instruments

Based on the predefined outcome variables of the longitudinal study, sociodemo-
graphic and clinical information was collected, together with a comprehensive assessment
of functional, cognitive, emotional, social, and quality-of-life domains. The level of auton-
omy of the users in performing ADLs and IADLs was measured, as well as their cognitive
level, anxiety, depression, family functionality, perceived social support, nutritional sta-
tus, life satisfaction, and quality of life (QoL), through a battery of evaluation tools. The
instruments used for assessment were as follows:
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Barthel Index. This scale evaluates functional status and the level of independence in
patient self-care. It is applied through direct observation and assesses 10 ADLs with a
score ranging from 0 to 100 points. It shows good reproducibility, with weighted kappa
correlation coefficients of 0.98 intra-observer and above 0.88 inter-observer. It also has ex-
cellent internal consistency, demonstrated by a Cronbach’s alpha of 0.90 to 0.92. The es-
tablished cut-off points include independence (100), slight dependence (91-99), moderate
dependence (61-90), severe dependence (21-60), and total dependence (<21) [39,40].

Short Physical Performance Battery (SPPB). This is a simple geriatric performance
test. It is a valuable tool for assessing mobility limitations. It has three sections: balance,
gait, and the ability to stand up and sit down. Scores range from 0 to 12, with higher scores
indicating better functional status. It has a Cronbach’s alpha of 0.86, showing good inter-
nal consistency, reliability, and validity [41].

Lawton and Brody Scale. Evaluates physical autonomy in performing IADLs. It ex-
amines 8 IADLs using a questionnaire administered either directly to the person or their
caregiver. The application time is approximately 5 min and it is useful for evaluating the
functional capacity of any individual. Each item is scored between 0 and 1, with a total
score from 0 to 8 points, where a lower score indicates greater dependence. This question-
naire has been translated, adapted, and validated in Spanish. It demonstrates high intra-
and inter-observer reproducibility (0.94) and good reliability [42—44].

MMSE. This is a widely used tool to assess cognitive impairment in older adults. It
evaluates several cognitive areas with a score ranging from 0 to 35, with higher scores
indicating better cognitive status. It has good internal consistency (Cronbach’s alpha =
0.88) and good test-retest reliability [45,46].

Charlson comorbidity index (CCI). This index, developed in the 1980s and later val-
idated, assigns a value to each condition according to its relative risk (RR), so that comor-
bidities with higher RR receive a greater weighting. The age-adjusted version incorporates
an additional increase based on each decade of life starting at age 50, allowing for com-
bined age—comorbidity values. The results of the CCI and the age-adjusted CCI were sub-
sequently classified into four categories: 0 points (no increased risk), 1-2 points (low risk),
23 points (high risk), and =5 points (very high risk) [47].

Yesavage Geriatric Depression Scale. This measure assesses depressive symptoms in
individuals over 65 years of age. Scores are interpreted as follows: 0-5 normal, 6-9 mild
depression, and >10 established depression. It demonstrates good reliability and validity
[48]

Goldberg Anxiety and Depression Scale. This is a tool for evaluating depressive and
anxiety symptoms in clinical populations. It consists of 18 items, with subscale scores
ranging from 0 to 9, where higher scores reflect worse anxious or depressive status. Over-
all internal consistency is satisfactory (a = 0.80) [49].

APGAR Family Functionality Questionnaire. This tool assesses family functionality
in older adults. It consists of 5 items scored from 0 to 3, with lower scores indicating severe
dysfunction. It is a reliable and appropriate instrument (a = 0.71-0.83) [50,51].

Duke-UNC Functional Social Support Questionnaire. This tool evaluates perceived
social support and has been validated in the Spanish population. It contains 11 items, with
higher scores reflecting greater perceived support. Scores <32 indicate low perceived so-
cial support. It shows adequate internal consistency and construct validity [52].

Satisfaction With Life Scale (SWLS). This scale measures individuals” overall judg-
ments of satisfaction with life. It consists of 5 items rated on a 7-point Likert scale, where
higher scores represent greater satisfaction. Interpretation of scores is as follows: 5-9 ex-
tremely dissatisfied, 10-14 dissatisfied, 15-19 slightly dissatisfied, 2024 slightly satisfied,
25-29 satisfied, and 30-35 extremely satisfied. It has demonstrated high reliability and
validity [53].
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EuroQol-5D. This tool measures health-related quality of life (HRQoL) in the general
population and in patients with different pathologies. It includes five dimensions: mobil-
ity, self-care, usual activities, pain/discomfort, and anxiety/depression. Lower scores indi-
cate better perceived HRQoL in each dimension. Additionally, it includes a visual analog
scale (VAS) from 0 to 100, with higher scores indicating the best imaginable health. It is
quick to administer and provides valid and reliable results in the Spanish population [54].

Finally, difficulty climbing stairs was also measured using a quantitative scale from
0 to 10, where 0 represented no difficulty and 10 represented maximum difficulty.

These standardized instruments have also been widely applied in previous studies
assessing technology- and IoT-based interventions among older adults. The Barthel Index
and the Lawton and Brody Scale, for example, have been used in IoT-supported rehabili-
tation and telecare programs to monitor functional independence remotely through wear-
able and motion sensors [55]. Cognitive instruments such as the MMSE have been applied
in smart-home and sensor-based cognitive monitoring projects to detect early cognitive
decline and to evaluate digital cognitive stimulation outcomes [56].

Similarly, the Yesavage Geriatric Depression Scale and the Goldberg Anxiety and
Depression Scale have been incorporated into IoT-based mental health monitoring sys-
tems to quantify depressive and anxiety symptoms and to assess the emotional impact of
connected-care interventions [57,58]. Instruments addressing social and family function-
ing, such as the Family APGAR and the Duke-UNC scales, have also been employed in
digital health programs aimed at reducing loneliness and strengthening social connected-
ness in community-dwelling older adults [59]. Finally, measures of life satisfaction
(SWLS) and health-related quality of life (EuroQol-5D) have been recurrent outcome in-
dicators in telecare, smart-home, and IoT-based studies that assess perceived well-being
and the effectiveness of technology-assisted aging-in-place initiatives [60,61]. A summary

of the variables analyzed and the respective measurement instruments is presented in Ta-
ble 1.

Table 1. Variables and instruments.

Instrument Variable
Barthel Functional status, level of independence for ADLs
SPPB Mobility limitations
Lawton y Brody Autonomy for IADLs
MMSE Cognitive status
CCl Comorbidity
Yesavage Depressive symptoms
Goldberg Anxiety and depressive symptoms
Apgar Family functionality
Duke-Unc Social support
SWLS Life satisfaction
EuroQol-5D HRQoL

ADLs: activities of daily living; SPPB: Short Physical Performance Battery; IADLs: instrumental ac-
tivities of daily living; MMSE: Mini-Mental State Examination; CCI: Charlson comorbidity index;
SWLS: Satisfaction With Life Scale; HRQoL: health-related quality of life.

2.5. Statistical Analysis

Descriptive analyses of the sociodemographic sample characteristics were per-
formed, expressing categorical variables as absolute frequencies and percentages, and
continuous variables as means and standard deviations (SDs). The normality of the da-
taset was tested using the Kolmogorov-Smirnov test.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975

10 of 21

Pearson correlations were performed using differential scores on the scales to estab-
lish whether comorbidity linearly influences the size of the change. To evaluate differ-
ences between the assessments conducted before and after the intervention, a paired-sam-
ples t-test was applied. In addition, an ANCOVA analysis was performed to observe the
differences between the pre- and post-test assessments between the groups according to
the variable of sex and main pathologies of the sample as a fixed factor and the pre-test
scores as a covariate. The effect size was calculated in the analyses performed, considering
a small effect when 1% < 0.059, a medium effect when 1% > 0.059, and a large effect when
n% = 0.138. Statistical analyses were carried out using SPSS software, version 28 (IBM Inc.,
Chicago, IL, USA). Statistical significance was set at p <0.05.

3. Results

The sample consisted of 144 older adults living in rural areas. A higher percentage of
women were found in this setting, as well as a greater proportion living alone. All partic-
ipants presented with some type of pathology, and their mean age was high. Table 2 be-
low presents the sociodemographic and clinical data collected from the sample. The soci-
odemographic distribution of the participants reflects the typical profile of older adults
living in rural areas of Castilla y Ledn. The predominance of women (63.9%) and the high
mean age (81.1 years) are consistent with demographic trends showing greater female
longevity and the feminization of aging in rural Spain. The fact that two-thirds of the par-
ticipants lived alone (66.7%) highlights a significant risk factor for social isolation and
emotional vulnerability, which could explain the improvements observed after the inter-
vention in variables such as social support, family functionality, and life satisfaction. The
high prevalence of endocrine-metabolic (58.3%) and cardiovascular (26.4%) conditions
suggests that most participants were managing chronic illnesses requiring continuous
monitoring—an area where IoT-based systems and structured caregiver follow-up may
have been particularly beneficial. These sociodemographic characteristics should there-
fore be considered when interpreting the results, as they may partly account for the mag-
nitude of change observed in well-being and quality-of-life indicators.

Table 2. Sociodemographic and clinical data.

Variables N (144) %
Sex Male 52 36.1
Female 92 63.9
Age 81.10 = 7.712 (44-94)
Principal pathology Cardiovascular-stroke 38 26.4
Dementia—Parkinson’s disease
22 9.0
and others (pulmonary or cancer)
Endocrine-Metabolic 84 58.3
Civil status Married 31 21.5
Single 28 194
Widowed 85 59
Currently lives Living alone 96 66.7
Living with a family member or 48 334
caregiver
Home has stairs Yes 88 61.1
No 56 38.9

The age-adjusted comorbidity index (age-adjusted CCI) showed significant correla-
tions with several of the study variables. Specifically, moderate negative correlations were
observed with the level of independence in basic activities of daily living (ADLs) assessed
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using the Barthel Index (r = -0.332, p < 0.001), with mobility limitations measured by the
SPPB (r = —0.332, p < 0.001), with autonomy in instrumental activities of daily living
(IADLSs) according to the Lawton and Brody scale (r=-0.296, p <0.001), and with cognitive
performance assessed using the MMSE (r =-0.297, p <0.001). Likewise, difficulty climbing
stairs showed a significant positive correlation with the index (r=0.321, p <0.001). In other
words, higher comorbidity index values were associated with lower independence in
ADLs, greater frailty, reduced autonomy in IADLSs, poorer cognitive performance, and
greater difficulty ascending and descending stairs.

Regarding the EuroQol-5D dimensions, the comorbidity index correlated positively
with the mobility dimension (r = 0.297, p < 0.001), as well as with the self-care (r=0.212, p
= 0.011) and usual activities dimensions (r = 0.210, p = 0.012). Thus, higher comorbidity
index scores were associated with lower health-related quality of life related to mobility,
self-care, and daily activities. No significant correlations were observed with depressive
mood (Yesavage), anxiety and depressive symptoms (Goldberg), family functionality
(APGAR), social support (Duke-UNC), life satisfaction (SWLS), the EuroQol-5D visual
analog scale, or with the pain and anxiety dimensions of the EuroQol-5D (p > 0.05 for all)
(Table 3).

Table 3. Pearson correlation between study variables and age-adjusted CCI.

Variables (Instruments)

Age-Adjusted CCI (N = 144)

r 4
Functional status, level of independence for ADLs (Barthel) -0.332 ** <0.001
Mobility limitations (SPPB) -0.332 ** <0.001
Autonomy for IADLs (Lawton and Brody) -0.296 ** <0.001
Cognitive status (MMSE) -0.297 ** <0.001
Depressive symptoms (Yesavage) 0.101 0.229
Anxiety and depressive symptoms (Goldberg) -0.014 0.868
Family functionality (APGAR) 0.086 0.305
Social support (Duke-UNC) -0.046 0.586
Life satisfaction (SWLS) 0.007 0.931
HRQoL, VAS (EuroQol-5D) -0.069 0.409
Mobility dimension (EuroQol-5D) 0.297 ** <0.001
Self-care dimension (EuroQol-5D) 0.212*% 0.011
Usual activities dimension (EuroQol-5D) 0.210 % 0.012
Pain dimension (EuroQol-5D) 0.132 0.115
Anxiety dimension (EuroQol-5D) -0.032 0.704
Difficulty climbing stairs 0.321 ** <0.001

SD: standard deviation; CI: confidence interval; ADLs: activities of daily living; SPPB: Short Physical
Performance Battery; IADLs: instrumental activities of daily living; MMSE: Mini-Mental State Ex-
amination; SWLS: Satisfaction With Life Scale; health-related quality of life (HRQoL); VAS: visual
analog scale. * p <0.005; ** p <0.01.

After the intervention implemented with the participants, statistically significant dif-
ferences were observed between the results of the first and second evaluations (Table 4)
in the variables cognitive status (p < 0.001), depressive symptoms (p < 0.001), anxiety and
depressive symptoms (p = 0.022), family functionality (p = 0.004), and life satisfaction (p <
0.001). Additionally, within HRQoL as measured by the EuroQol-5D, significant differ-
ences were found in the VAS (p <0.001), pain dimension (p =0.015), and anxiety dimension
(p = 0.008). Furthermore, a significant improvement was observed in difficulty climbing
stairs (p = 0.008). Overall, significant improvements were identified in the scores of these
variables.
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Beyond statistical significance, the observed changes also demonstrated clinically
meaningful and behaviorally relevant improvements. The increase in cognitive status
measured by the MMSE (mean change =+2.28 points) represents a moderate enhancement
in cognitive performance, suggesting better attention, orientation, and short-term memory
after the intervention. The reduction in depressive (Yesavage scale) and anxiety (Goldberg
scale) symptoms indicates greater emotional stability and decreased psychological dis-
tress, likely reflecting the positive influence of both continuous IoT-based monitoring and
regular caregiver interactions. Improvements in family functionality (APGAR) and social
support (Duke-UNC) point to strengthened social connectedness and perceived sup-
port—factors that are crucial for maintaining mental health and emotional resilience in
aging. Similarly, the rise in SWLS suggests a more optimistic outlook and greater sense of
control in daily living. Regarding HRQoL, the increase in the EuroQol-5D VAS score
(+11.5 points on average) and improvements in the pain and anxiety dimensions denote a
better perception of overall health and reduced discomfort, outcomes considered clini-
cally relevant in older adults with chronic conditions. Collectively, these findings reveal
that the combined Silver Caregiver and IoT intervention not only produced statistically
significant outcomes but also generated tangible improvements in cognitive, emotional,
and functional well-being, contributing to greater autonomy, safety, and quality of life
among participants. While no statistically significant improvements were observed in ob-
jective physical function measures, functional status was maintained over the follow-up
period.

Table 4. Paired-samples t-test between pre- and post-intervention scores.

Pre-Test Post-Test  Differential Score CI 95%
(Mean +SD) (Mean + SD) (Mean = SD) LI LS

Variables (Instruments)

Functional status, level of independence o) |/ 17177 9085401040  0590+11.023  -1.225 2406 0522

for ADLs (Barthel)
Mobility limitations (SPPB) 597+3534 599+3837  -0.021+2787  -0480 0438 0.929
Autonomy for;ﬁ)g;)s (Lawtonand (13 1097 65842749  -0451£2781 0909 0007 0721
Cognitive status (MMSE) 2835+6.684 30.63+6058  -2278+5189  —0345 0498 <0.001**

Depressive symptoms (Yesavage) 403+3319 291+1.138 1.125 £ 2.838 -3.133 -1.423 <0.001 **

Anxiety and depressive symptoms )|y 596 4294 5089 0.979 + 5.063 0145 1813 0.022*

(Goldberg)
Family functionality (APGAR) 8.63+3.553  9.31+1.756 -0.681 +2.825 -1.146 -0.215 0.004 **
Social support (Duke-UNC) 43.72+9.946 46.55+8.973 -2.823 +9.198 -1.053 -5.272 <0.001 **
Life satisfaction (SWLS) 18.23 £4.424 19.92 +4.694 -1.684 + 3.833 -2.314 -1.053 <0.001 **
HRQoL, VAS (EuroQol-5D) 59.65 +20.532 71.18 £21.629 -11.528 +22.789 -15.282 -7.774 <0.001 **
Mobility dimension (EuroQol-5D) 147 +0.528  1.47 +0.541 0.001 £ 0.515 -0.085 0.85  1.000

Self-care dimension (EuroQol-5D) 1.27£0.505  1.22 £0.465 0.049 + 0.448 -0.025 0.122  0.195
Usual activities dimension (EuroQol-5D) 1.39+0.543  1.38+0.613 0.014 + 0.567 -0.080 0.107 0.769

Pain dimension (EuroQol-5D) 1.73+£0.594 1.61+0.593 0.118 +0.573 0.024 0212 0.015*
Anxiety dimension (EuroQol-5D) 1.24+0446 1.15+0.392 0.097 £0.432 0.026  0.168 0.008 **
Difficulty climbing stairs 522+3424 4.51+3.530 0.708 £ 3.150 0.189  1.227 0.008 **

SD: standard deviation; CI: confidence interval; ADLs: activities of daily living; SPPB: Short Physical
Performance Battery; IADLs: instrumental activities of daily living; MMSE: Mini-Mental State Ex-
amination; SWLS: Satisfaction With Life Scale; health-related quality of life (HRQoL); VAS: visual
analog scale. * p <0.005; ** p <0.01.

An ANCOVA analysis was performed with the significant variables from the previ-
ous analysis, with gender of participants as a fixed factor and pre-test score as a covariate.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975

13 of 21

Statistically significant differences were observed between pre- and post-intervention as-
sessments in the pain dimension of the EQ-5D scale (p = 0.020). Specifically, male partici-
pants reported a greater reduction in perceived pain compared with females, suggesting
that sex may influence the pain-related outcomes following the intervention. This result
indicates that men experienced better post-intervention improvement in pain perception,
possibly related to differences in baseline characteristics or responsiveness to the com-
bined Silver Caregiver and IoT program. Table 5 presents these results in detail.

Table 5. ANCOVA analysis of cognitive status according to participant gender.

Variables

Group p n%

Pre-Test Post-Test Differential Score 95% CI

(Mean + SD) (Mean = SD) (Mean = SD) LI LS

Pain dimension (Eu-

roQol-5D)

Female 1.79+0.584 1.72+0.599 0.204 £ 0.087 0.032 0.376

0.020*  0.038

Male 1.62+0.599 1.42+0.537 -0.204 = 0.087 -0.376 -0.032

MMSE: Mini-Mental State Examination. * p < 0.005; Covariate: pre-test score.

Table 6 presents the results of the ANCOVA analysis conducted exclusively on the
variables that showed statistical significance in Table 3, in order to improve clarity and
avoid an excessively large and difficult-to-interpret table. The analysis included social
support (Duke-UNC), life satisfaction (SWLS), and health-related quality of life (HRQoL,
VAS of the EuroQol-5D), taking the main pathology as a fixed factor and the pre-test score
as a covariate.

The results revealed statistically significant differences between pathological groups
in the three variables considered: social support (p = 0.029, n% = 0.07), life satisfaction (p =
0.004, n% = 0.077), and QOL (p = 0.016, n% = 0.058). According to the n?% values, all effects
showed a medium magnitude, indicating a moderate impact of the main pathology on the
evolution of these dimensions.

Specifically, patients with dementia/Parkinson’s and other conditions showed
greater increases in social support and life satisfaction, whereas the most notable improve-
ments in QoL were observed among the endocrine-metabolic groups. In contrast, partic-
ipants with dementia/Parkinson’s disease and others exhibited less improvement in per-
ceived QoL.

Subsequently, post hoc analyses were conducted to explore the specific differences
between pathological groups (Table 7). The results revealed that the most substantial im-
provements in social support occurred among patients with dementia/Parkinson’s disease
and others (p = 0.011), followed by those with endocrine-metabolic disorders (p = 0.047).
Similarly, in life satisfaction, significant increases were observed in patients with demen-
tia/Parkinson’s disease and others (p < 0.001).

Regarding HRQoL, measured by the EuroQol-5D scale, significant improvements
were found in the dementia/Parkinson’s and endocrine-metabolic (p = 0.009) groups.

Table 6. Post hoc test of the ANCOVA analysis of significant variables according to the participants’
main pathology.

Variables

95% CI
LI LS

4 n% Principal Pathology (N) LS (Mean * SD)

Social Support
(Duke-Unc)

Life Satisfac-
tion (SWLS)

3.623

5.878

4.275

Cardiovascular/Stroke (38) 0.30 £1.224 -2.11 2.72
Dementia—Parkinson’s dis-

2,140  0.029 * 0.07 5.45 +1.598 2.29 8.61

ease and others (22)
Endocrine-Metabolic (84) 3.27+0.821 1.65 4.89
Cardiovascular/Stroke 0.61 £0.575 -0.52 1.74

2,140 0.004 * 0.077  Dementia—-Parkinson’s dis-

3.78 £0.746 2.31 5.26
ease and others

2,140 0.016 ** 0.058 Cardiovascular/Stroke 8.14 +3.176 1.86 14.42
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HRQoL, VAS
(Euro-Qol-5D)

Dementia-Parkinson’s dis-
ease and others
Endocrine-Metabolic 15.29 +2.11 11.10 19.47

3.00 +£4.11 -5.12 11.14

SWLS: Satisfaction with Life Scale; health-related quality of life (HRQoL); VAS: visual analog scale.
*p <0.005; ** p < 0.01. Covariate: pre-test score.

Table 7. ANCOVA analysis of significant variables according to the participant's main pathology.

Variables

Principal Pa-

thology

Pre-Test Post-Test Principal Pa-  Pre-Test Post-Test Differential Score 95% CI
(Mean + SD) (Mean = SD) thology (Mean + SD) (Mean+SD)  (Mean = SD) P LI LS

Social Support Cardiovascu-

(Duke-Unc)

Life Satisfaction Cardiovascu-

(SWLS)

HRQoL, VAS Cardiovascu-

(EuroQol-5D)

lar/Stroke

lar/Stroke

lar/Stroke

Dementia—Par-
kinson’s dis- 42.95+11.914 48.82 +7.281 -5.14 +2.009 0.011* -9.12-1.17

41.39£9.351 42.95+9.992 ease and others

Endocrine—
Metabolic
Dementia—Par-

44.98 £9.555 47.58 +8.511 -2.97 +1.482 0.047* -5.90 -0.04

16.55+4.144 17.68+4.497 kinson’s dis- 16.82+4.205 21.05+5.047 -3.18 +£0.930) <0.001 ** -5.01 -1.34

ease and others
Endocrine— -21.4

52.89 +£17.228 65.00 +18.995 62.38 +21.43276.07 +20.061  -12.28 +4.622 0.009 * -3.14

Metabolic 1

SWLS: Satisfaction with Life Scale; health-related quality of life (HRQoL); VAS: visual analog scale.
*p <0.005; ** p <0.01. Covariate: pre-test score.

In addition to the questionnaire-based outcomes, objective system-level indicators
supported the contribution of IoT monitoring to the intervention. Over the three-month
follow-up period, the IoT system generated 150 alerts related to deviations from partici-
pants’ normal activity patterns. The majority of these alerts (approximately 80%) triggered
direct caregiver actions, with a mean response time of 5 min, indicating effective integra-
tion between technological monitoring and human intervention.

4. Discussion

The aim of this study was to maintain the capacities of older adults living in rural
areas through care and digitalization with IoT technology in order to ensure safety and
autonomy in their homes and to provide vital emotional support in the final stage of life.

The use of new technologies, such as IoT technology, enables older adults to enhance
and enrich their individual and social development, while at the same time optimizing
their quality of life from technical, economic, political, and cultural perspectives [62]. Pre-
vious research has shown that assistive tools and new technologies can play a crucial role
in this area. However, their specificity is limited due to the constant change, development,
and updating of technology [63,64].

The results of the correlational analysis show that a higher level of age-adjusted
comorbidity is primarily associated with poorer physical functioning, reduced autonomy
in basic and instrumental activities of daily living, lower cognitive performance, and
greater mobility difficulties, as evidenced by the positive correlation with difficulty climb-
ing stairs. Likewise, the positive relationship between the comorbidity index and the Eu-
roQol-5D dimensions of mobility, self-care, and usual activities reinforces the notion that
individuals with a higher burden of comorbidities perceive a lower quality of life in do-
mains closely linked to physical functioning. Overall, these findings are consistent with
previous literature describing comorbidity as a key factor in functional deterioration,
frailty, and cognitive decline in older adults, and they underscore the need to design in-
terventions that integrate continuous monitoring and support for autonomy to mitigate
these effects [65].

Our results show that more than half of the rural population is composed of women,
with an average age of over 80 years, most of whom live alone. Cardiovascular and
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metabolic/endocrine conditions were the predominant pathologies. Statistically signifi-
cant differences were also observed after the intervention involving care and the applica-
tion of IoT technology, particularly in cognitive status, depressive symptoms, anxiety
symptoms, family functionality, life satisfaction, HRQoL (specifically in the pain dimen-
sion, anxiety dimension, and VAS), and difficulty climbing stairs. All variables improved,
thus achieving positive outcomes across all measures. In line with our findings, recent
evidence supports the use of sensor- and IoT-based interventions in older populations.
For example, a randomized clinical trial of wearable sensor-based interactive cognitive-
motor training demonstrated a significant cognitive improvement in older adults (mean
increase ~1.94 points; p < 0.05). Moreover, a systematic review and meta-analysis found
that sensor-based technologies with biofeedback were more effective than traditional
physical exercise in improving gait, balance, and functional performance in older adults
[66].

The assessment of HRQoL provides a comprehensive view of the diverse aspects that
influence well-being during aging. In this context, HRQoL is understood as a multifaceted
process that encompasses health status, mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression. However, older adults often prioritize maintaining func-
tional capacity and avoiding disabling diseases in order to experience healthy aging and
a good quality of life. HRQoL has become one of the most important indicators in social
and health interventions, particularly in the field of primary healthcare [67,68]. Im-
portantly, the absence of statistically significant changes in objective physical function
measures such as the Barthel Index and the SPPB should not be interpreted as a lack of
intervention effectiveness. In gerontological research, maintaining functional status over
time—particularly in very old populations with high comorbidity —is considered a posi-
tive and clinically meaningful outcome. Preventing further decline in basic activities of
daily living and mobility represents a relevant achievement, especially in rural contexts
where access to rehabilitation and healthcare services is limited.

The results show statistically significant differences between the pre- and post-test in
HRQoL, specifically in the pain dimension, when sex was considered as a covariate. In
this case, men reported a better perception of their HRQoL in the pain dimension. Partic-
ularly relevant is the observation that gender differences influence the perception of
HRQoL regarding pain. This highlights the need to consider gender differences when de-
signing health interventions for older adults. In general terms, findings from several stud-
ies confirm that women experience aging with a lower HRQoL. Women have undergone
a more complex life course, both physiologically [69] and socially, due to the repercus-
sions associated with multiple caregiving responsibilities [70]. Nonetheless, another study
also indicates that mental health problems are more common among older women, as
evidenced by both national [71] and international research [72]. In terms of objective
health, a higher prevalence of health problems has been observed among women.

Statistically significant differences were also found between pre-test and post-test
scores when considering participants’ main pathology. Specifically, significant differences
were observed in social support between those with cardiovascular/stroke conditions and
those with dementia/Parkinson’s disease, pulmonary disease, or metabolic/endocrine
conditions. All of these groups showed greater social support compared to participants
with cardiovascular/stroke conditions. Regarding life satisfaction, participants with car-
diovascular/stroke conditions reported being slightly dissatisfied after the program, while
those with dementia/Parkinson’s and metabolic/endocrine conditions reported being
slightly satisfied, and those with pulmonary disease reported being satisfied. Neverthe-
less, all groups improved their life satisfaction scores after the intervention. Finally, sta-
tistically significant differences were obtained after the intervention in HRQoL, as meas-
ured by the VAS. Participants with pulmonary disease showed the highest HRQoL scores,
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followed by those with metabolic/endocrine, cardiovascular/stroke, and lastly demen-
tia/Parkinson’s conditions. All groups improved their HRQoL scores after the interven-
tion. These findings underscore the importance of tailoring interventions to the specific
needs of each patient group.

So far, no studies have reported an intervention similar to the one presented here.
However, it has been shown that individuals with various pathologies often experience a
decline in HRQoL due to physical or cognitive limitations, anxiety, emotional challenges,
or uncertainty. Social support can help mitigate these negative effects and is essential in
the process [73-75]. Life satisfaction often improves when patients feel accompanied and
understood by both their loved ones and healthcare professionals [76-79]. In this sense,
IoT technology and home care can help monitor patient safety at home, facilitate commu-
nication and symptom follow-up, provide continuous monitoring and alerts, track health
data, and/or deliver personalized self-care reminders, thereby offering greater reassur-
ance and improving some of these aspects [80,81].

Studies focusing on smart-home IoT systems report high feasibility and positive ac-
ceptability among older adults living independently, combining environmental and mo-
tion sensors to support aging-in-place [82]. As highlighted by Chen et al. [82], connected
health approaches are reshaping the delivery of care, making it “more proactive, more
preventive, and more precisely targeted and, thus, more effective’; remote support and
smart services have demonstrated substantial value in addressing the challenges posed
by aging populations and chronic diseases.

One of the key contributions of this study is the demonstration of significant im-
provements in various measures of well-being and mental and physical health after im-
plementing the intervention, which combines traditional care with IoT technology. These
improvements were observed in variables such as cognitive status, depressive and anxiety
symptoms, family functioning, life satisfaction, and HRQoL.

The evidence generated in this study supports the integration of IoT devices and tele-
monitoring within routine healthcare policies, offering actionable models for remote as-
sessment, prevention, and personalized intervention among older adults. Policymakers
can use these results to justify investment in digital infrastructure and support programs
enabling independent living and early detection of risk situations in rural contexts. These
findings highlight the need to update health policy frameworks to include scalable digital
health interventions that complement conventional care, reduce operational costs, and
improve access and continuity for older populations living in underserved rural areas.
From a technical perspective, the high proportion of actionable alerts highlights the suit-
ability of a personalized rule-based anomaly detection approach for applied IoT caregiv-
ing systems, where interpretability and caregiver acceptance are critical factors.

These sensor-driven approaches thus provide a stronger basis for our assertion that
the combined caregiver-loT intervention can effect meaningful changes across cognitive
status, depressive/anxiety symptoms, life satisfaction, and health-related quality of life.
Nonetheless, given the relative novelty of full IoT-sensor-based caregiving paradigms in
rural older populations, further empirical studies remain necessary. Although the study
design does not allow for a complete separation of the effects of human caregiving and
IoT monitoring, the inclusion of objective alert-to-intervention data strengthens the evi-
dence for the technical contribution of the IoT component. The high proportion of alerts
leading to rapid caregiver actions demonstrates that the technology functioned as an ac-
tive trigger for timely interventions, rather than as a passive background system. This
real-time responsiveness represents an added value beyond traditional scheduled visits,
particularly in rural contexts where immediate access to services is limited.

As study limitations, it should be noted that the sample size may be limited, which
could affect the ability to generalize the results to a broader population of older adults
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living in rural settings. Likewise, another important limitation of the study is that the sam-
ple was recruited only in a small geographic region, which further limits the generaliza-
bility of the results to other rural areas with different demographic or contextual charac-
teristics. The follow-up period may also be relatively short compared to the chronic and
progressive nature of many diseases in older adults. Furthermore, the study design may
present inherent limitations, such as the absence of a randomized control group or the
presence of selection or information biases, which may affect internal validity and the in-
terpretation of results. In addition, it was not possible to clearly distinguish the specific
effects of the Silver Caregiver’s manual interventions from those attributable to IoT-based
monitoring, as both components were implemented simultaneously. Additionally, the use
of some subjective measures could introduce biases in the interpretation of the findings.

5. Conclusions

The results of this study suggest that the combined IoT-based monitoring and Silver
Caregiver intervention does not primarily lead to measurable improvements in objective
physical function over the short term but rather contributes to sustaining basic functional
abilities while significantly enhancing psychological well-being, social connectedness,
and perceived quality of life in older adults living in rural settings. It is crucial to take
these differences into account when designing health and care interventions tailored to
each group in order to maximize their effectiveness and appropriateness to individual
needs. In addition, the use of IoT technology in the care of older adults in rural areas
emerges as a promising tool to enhance safety, autonomy, and HRQoL in this population.
Its integration into care interventions can offer innovative and effective solutions to ad-
dress the specific challenges faced by older adults in rural environments. From a geronto-
logical perspective, sustaining physical function while improving emotional and social
dimensions represents a meaningful outcome that may help delay functional decline and
support aging in place.

Author Contributions: Conceptualization, A.LS.-I. and R.V.-S.; methodology, ].G.-S., ].].G.-B.; soft-
ware, J.F.-S,; validation, J.F.-S.; formal analysis, ].F.-S.; investigation, A.L.S.-I.; resources, R.V.-S. and
M.L.V.-A,; data curation, J.F.-S.; writing —original draft preparation, R.V.-S.,J.G.-S.; writing —review
and editing, J.F.-S., M.LV.-A,; visualization, A.LS.-I; supervision, J.F.-S.; project administration,

A.LS.-I. and ].J.G.-B. All authors have read and agreed to the published version of the manuscript.
Funding;: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of the University of Burgos (UBU IR 29/2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the

study.

Data Availability Statement: Data for this research are available upon request from the correspond-

ing author.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Gafidn Addnez, A.; Villafruela Gori, 1. El ocio, tiempo libre y calidad de vida para un envejecimiento activo, el caso de la Universidad
de Burgos. Eur. |. Investig. Health Psychol. Educ. 2015, 5, 75. https://doi.org/10.30552/EJIHPE.V5I1.91.

2. Silva, N;;Rajado, A.T.; Esteves, F.; Brito, D.; Apolonio, J.; Roberto, V.P.; Binnie, A.; Aratijo, I.; Nobrega, C.; Braganga, J.; et al. Measuring
healthy ageing: Current and future tools. Biogerontology 2023, 24, 845-866. https://doi.org/10.1007/510522-023-10041-2.

3. Peate, I. An ageing population. Br. ]. Nurs. 2023, 32, 165. https://doi.org/10.12968/BJON.2023.32.4.165.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975 18 of 21

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Segura-Cardona, A.; Cardona-Arango, D.; Segura-Cardona, A, ; Garzon-Duque, M. Riesgo de depresion y factores asociados en adul-
tos mayores. Antioquia, Colombia. 2012. Rev. Salud Priblica 2015, 17, 184-194. https://doi.org/10.15446/RSAP.V17N2.41295.
Camargo-Rojas, C.M.; Chavarro-Carvajal, D.A. El sentimiento de soledad en personas mayores: Conocimiento y tamizacioén oportuna.
Univ. Medica 2020, 61, 64-71. https://doi.org/10.11144/JAVERIANA.UMED61-2.ESSM.

Rivillas, J.C.; Gomez-Aristizabal, L.; Rengifo-Reina, H.A.; Mufioz-Laverde, E.P. Envejecimiento poblacional y desigualdades sociales
en la mortalidad del adulto mayor en Colombia. Rev. Fac. Nac. Salud Publica 2017, 35, 369-381.
https://doi.org/10.17533/UDEA.RFNSP.V35N3A(7.

Organizacion Mundial de la Salud (OMS). Informe Mundial Sobre el Envejecimiento y la Salud. Available online:
https://www.who.int/es/publications/i/item/9789241565042 (accessed on 20 March 2024).

Protasoni, M.; Serrano, M. Targeting Mitochondria to Control Ageing and Senescence. Pharmaceutics 2023, 15, 352.
https://doi.org/10.3390/PHARMACEUTICS15020352.

Santos, A.L.; Sinha, S. Ageing, Metabolic Dysfunction, and the Therapeutic Role of Antioxidants. In Biochemistry and Cell Biology of
Ageing: Part IV, Clinical Science; Subcellular Biochemistry Series; Springer: Cham, Switzerland, 2023; Volume 103, pp. 341-435.
https://doi.org/10.1007/978-3-031-26576-1_15.

Barnett, K.; Mercer, S.W.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health
care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37—43. https://doi.org/10.1016/S0140-6736(12)60240-2.
Ministerio de Agricultura Pesca y Alimentacién. La Poblacién de las Areas Rurales en Espana Supera los 7.5 Millones de Personas.
Available online: https://www.mapa.gob.es/es/prensa/ultimas-noticias/la-poblacion-de-las-areas-rurales-en-espafia-supera-los-75-
millones-de-personas-/tcm:30-583990 (accessed on 20 March 2024).

Instituto Nacional del Estadistica (INE). Estadistica del Padrén Continuo a 1 de Enero de 2019. Datos por Municipios. Available online:
https://www.ine.es/dynt3/inebase/es/index.htm?type=pcaxis&file=pcaxis&path=%2Ft20%2Fe245%2Fp05%2F%2Fa2019 (accessed on
20 March 2024).

Ministerio Para la Transicion Ecoldgica y el Reto Demografico. Guia de la Espafia Rural. Propuestas Mes a Mes. Available online:
https://www.miteco.gob.es/es/ceneam/recursos/pag-web/guia-espana-rural-propuestas.html (accessed on 20 March 2024).

del Molino, S. La Espafia Vacia. Viaje por un Pais Que Nunca Fue; Turner: Madrid, Spain, 2016.

Camarero, L.; Cruz Souza, F.; Gonzalez Fernandez, M.; del Pino Artacho, ].; Oliva Serrano, J.; Sampedro Gallego, R. La Poblacién Rural
de Espaiia. De los Desequilibrios a Lasostenibilidad Social; Fundacién La Caixa: Spain, Barcelona, 2009.

Organizacién Mundial de la Salud (OMS). Accién Multisectorial Para un Envejecimiento Saludable Basado en el Ciclo de Vida: Proy-
ecto de Estrategia y Plan de Accién Mundiales Sobre el Envejecimiento y la Salud: Informe de la Secretaria. Available online:
https://iris.who.int/handle/10665/251185 (accessed on 20 March 2024).

Sundstrom, G.; Fransson, E.; Malmberg, B.; Davey, A. Loneliness among older Europeans. Eur. |. Ageing 2009, 6, 267-275.
https://doi.org/10.1007/510433-009-0134-8.

Lopez Doblas, J.; Diaz Conde, M.d.P. Viudedad, soledad y salud en la vejez. Rev. Esp. Geriatr. Gerontol. 2018, 53, 128-133.
https://doi.org/10.1016/]. REGG.2017.09.005.

Cohen-Mansfield, J.; Hazan, H.; Lerman, Y.; Shalom, V. Correlates and predictors of loneliness in older-adults: A review of quantitative
results informed by qualitative insights. Int. Psychogeriatr. 2016, 28, 557-576. https://doi.org/10.1017/S1041610215001532.

Burholt, V.; Scharf, T. Poor health and loneliness in later life: The role of depressive symptoms, social resources, and rural environ-
ments. |. Gerontol. B Psychol. Sci. Soc. Sci. 2014, 69, 311-324. https://doi.org/10.1093/GERONB/GBT121.

Dahlberg, L.; Agahi, N.; Lennartsson, C. Lonelier than ever? Loneliness of older people over two decades. Arch. Gerontol. Geriatr. 2018,
75, 96-103. https://doi.org/10.1016/]. ARCHGER.2017.11.004.

Courtin, E.; Knapp, M. Social isolation, loneliness and health in old age: A scoping review. Health Soc. Care Community 2017, 25, 799—
812. https://doi.org/10.1111/HSC.12311.

Gerino, E.; Rollg, L.; Sechi, C; Brustia, P. Loneliness, Resilience, Mental Health, and Quality of Life in Old Age: A Structural Equation
Model. Front. Psychol. 2017, 8, 2003. https://doi.org/10.3389/FPSYG.2017.02003.

Wang, J.; Mann, F.; Lloyd-Evans, B.; Ma, R.; Johnson, S. Associations between loneliness and perceived social support and outcomes
of mental health problems: A systematic review. BMC Psychiatry 2018, 18, 156. https://doi.org/10.1186/S12888-018-1736-5.

Del Castillo-Rodriguez, ].A.G.; Ramos-Soler, I.; Lopez-Sanchez, C.; Quiles-Soler, C. Information and communication technologies and
quality of life in home confinement: Development and validation of the TICO scale. PLoS ONE 2020, 15, e0241948.
https://doi.org/10.1371/JOURNAL.PONE.0241948.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975 19 of 21

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Salvemini, A.; D’Onofrio, G.; Ciccone, F.; Greco, A.; Tullio, A.; Addante, F.; Sancarlo, D.; Vendemiale, G.; Serviddio, G.; Ricciardi, F.; et
al. Insomnia and Information and Communication Technologies (ICT) in Elderly People: A Systematic Review. Med. Sci. 2019, 7, 70.
https://doi.org/10.3390/MEDSCI7060070.

Siegel, C.; Dorner, T.E. Information technologies for active and assisted living-Influences to the quality of life of an ageing society. Int.
J. Med. Inform. 2017, 100, 32—45. https://doi.org/10.1016/].JMEDINF.2017.01.012.

Rouleau, G.; Gagnon, M.P.; C6té, ].; Payne-Gagnon, J.; Hudson, E.; Dubois, C.A. Impact of Information and Communication Technol-
ogies on Nursing Care: Results of an Overview of Systematic Reviews. ] Med. Internet Res. 2017, 19, el22.
https://doi.org/10.2196/[MIR.6686.

Pandia Rajan, J.; Edward Rajan, S. An Internet of Things based physiological signal monitoring and receiving system for virtual en-
hanced health care network. Technol. Health Care 2018, 26, 379-385. https://doi.org/10.3233/THC-171173.

Singh, M; Sharma, R.; Gupta, A.; Kumar, P.; Verma, S. A systematic review of emerging trends of IoT in healthcare and IoMT frame-
works. Discov. Public Health 2026, 23, 52. https://doi.org/10.1186/s12982-026-01347-w.

Hai, Z.; Zhang, D.; Zhang, M.; Du, Y.; Zheng, S.; Yang, C.; Cai, C. The applications of internet of things in smart healthcare sectors: A
bibliometric and deep study. Heliyon 2024, 10, e25392. https://doi.org/10.1016/j.heliyon.2024.25392.

Hou, L,; Latif, J.; Mehryar, P.; Withers, S.; Plastropoulos, A.; Shen, L.; Ali, Z. An autonomous wheelchair with health monitoring system
based on Internet of Thing. Sci. Rep. 2024, 14, 5878. https://doi.org/10.1038/541598-024-56357-Y.

Agali, K.; Masrom, M.; Abdul Rahim, F.; Yahya, Y. IoT-based remote monitoring system: A new era for patient engagement. Healthc.
Technol. Lett. 2024, 11, 437-446. https://doi.org/10.1049/ht12.12089.

Thanekar, G. “IoT in Healthcare” Theme in Innovation: A Future Perspective of Healthcare and Telecommunication Industry. Stud.
Health Technol. Inform. 2025, 328, 355-359. https://doi.org/10.3233/shti250737.

Amini Gougeh, R; Zilic, Z. Systematic Review of IoT-Based Solutions for User Tracking: Towards Smarter Lifestyle, Wellness and
Health Management. Sensors 2024, 24, 5939. https://doi.org/10.3390/s24185939.

Shah, S.; Vanclay, F.; Cooper, B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. J. Clin. Epidemiol. 1989, 42, 703
709. https://doi.org/10.1016/0895-4356(89)90065-6.

ISO/IEC 27001:2022; Information Security, Cybersecurity and Privacy Protection—Information Security Management Systems— Re-
quirements. ISO: Geneva, Switzerland, 2022.

ISO/IEC 27701:2019; Security Techniques— Extension to ISO/IEC 27001 and ISO/IEC 27002 for Privacy Information Management—
Requirements and Guidelines. ISO: Geneva, Switzerland, 2019.

Santamaria-Pelaez, M.; Gonzalez-Bernal, ].J.; Da Silva-Gonzalez, A.; Medina-Pascual, E.; Gentil-Gutiérrez, A.; Ferndndez-Solana, M
Mielgo-Ayuso, J.; Gonzalez-Santos, J. Validity and Reliability of the Short Physical Performance Battery Tool in Institutionalized Span-
ish Older Adults. Nurs. Rep. 2023, 13, 1354-1367. https://doi.org/10.3390/NURSREP13040114.

Martinez-Hernandez, B.M.; Rosas-Carrasco, O.; Lopez-Teros, M.; Gonzalez-Rocha, A.; Mufioz-Aguirre, P.; Palazuelos-Gonzalez, R.;
Ortiz-Rodriguez, A.; Luna-Lépez, A.; Denova-Gutiérrez, E. Association between physical activity and physical and functional perfor-
mance in non-institutionalized Mexican older adults: A cohort study. BMC Geriatr. 2022, 22, 388. https://doi.org/10.1186/S12877-022-
03083-7.

Tarazona-Santabalbina, F.J.; Gomez-Cabrera, M.C.; Pérez-Ros, P.; Martinez-Arnau, F.M.; Cabo, H.; Tsaparas, K.; Salvador-Pascual, A.;
Rodriguez-Mafias, L.; Vifia, ]. A Multicomponent Exercise Intervention that Reverses Frailty and Improves Cognition, Emotion, and
Social Networking in the Community-Dwelling Frail Elderly: A Randomized Clinical Trial. . Am. Med. Dir. Assoc. 2016, 17, 426-433.
https://doi.org/10.1016/]. JAMDA.2016.01.019.

Fernandez-Solana, J.; Alvarez-Pardo, S.; Moreno-Villanueva, A.; Santamaria-Peléez, M.; Gonzalez-Bernal, J.J.; Vélez-Santamaria, R.;
Gonzalez-Santos, J. Efficacy of a Rehabilitation Program Using Mirror Therapy and Cognitive Therapeutic Exercise on Upper Limb
Functionality in Patients with Acute Stroke. Healthcare 2024, 12, 569. https://doi.org/10.3390/HEALTHCARE12050569.

Pérez-Sanchez, ].; Delgado, A.R,; Prieto, G.; Pérez-Sanchez, J.; Delgado, A.R.; Prieto, G. Propiedades psicométricas de las puntuaciones
de los test mas empleados en la evaluacion de la regulacion emocional. Papeles Psicdl. 2020, 41, 116-124.
https://doi.org/10.23923/PAP.PSICOL2020.2931.

Buiza, C.; Navarro, A.; Diaz-Orueta, U.; Gonzalez, M.F.; Alaba, J.; Arriola, E.; Hernandez, C.; Zulaica, A.; Yanguas, ].]. Evaluacion breve
del estado cognitivo de la demencia en estadios avanzados: Resultados preliminares de la validacién espafola del Severe Mini-Mental
State Examination. Rev. Esp. Geriatr. Gerontol. 2011, 46, 131-138. https://doi.org/10.1016/]. REGG.2010.09.006.

Chacon, E.M. Psychometric evaluation of the abbreviated scale of Yesavage depression in older adults in several cities in Latin America:
Studies SABE and CRELES. Inferdisciplinaria 2021, 38, 103-115. https://doi.org/10.16888/INTERD.2021.38.2.7.

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975 20 of 21

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a combined comorbidity index. . Clin. Epidemiol. 1994, 47, 1245-1251.
https://doi.org/10.1016/0895-4356(94)90129-5.

Vega-Dienstmaier, ].M.; Vega-Dienstmaier, ]. M. Estudios psicométricos de los instrumentos en espafiol para la deteccién de trastornos
mentales comunes: Una revision. Rev. Neuropsiquiatr. 2022, 85, 127-138. https://doi.org/10.20453/RNP.V85I2.4230.

Diez-Villanueva, P.; Ariza-Solé, A.; Vidan, M.T.; Bonanad, C.; Formiga, F.; Sanchis, J.; Martin-Sanchez, F.J.; Ros, V.; Sanmartin Fernan-
dez, M.; Bueno, H.; et al. Recomendaciones de la Secciéon de Cardiologia Geriatrica de la Sociedad Espaiiola de Cardiologia para la
valoracién de la fragilidad en el anciano con cardiopatia. Rev. Esp. Cardiol. 2019, 72, 63-71. https://doi.org/10.1016/].RE-
CESP.2018.06.015.

Mayorga-Munoz, C.; Gallardo-Peralta, L.; Galvez-Nieto, ].L.; Mayorga-Munoz, C.; Gallardo-Peralta, L.; Galvez-Nieto, ].L. Propiedades
psicométricas de la escala APGAR-familiar en personas mayores residentes en zonas rurales multiétnicas chilenas. Rev. Med. Chile
2019, 147, 1283-1290. https://doi.org/10.4067/S0034-98872019001001283.

Bellén Saamenio, J.A.; Delgado Sanchez, A.; Luna del Castillo, ].d.D.; Lardelli Claret, P. Validez y fiabilidad del cuestionario de apoyo
social funcional Duke-UNC-11. Aten. Primaria Publ. Soc. Esp. Fam. Comunitaria 1996, 18, 153-163. Available online: https://dialnet.uniri-
oja.es/servlet/articulo?codigo=7568257 (accessed on 20 March 2024).

Rubio-Belmonte, C.; Mayordomo Rodriguez, T.; Garcia-Alandete, J. Psychometric properties of the Purpose In Life-Short Form in the
Spanish population. J. Clin. Psychol. 2023, 79, 1099-1112. https://doi.org/10.1002/JCLP.23461.

Herdman, M.; Badia, X.; Berra, S. El EuroQol-5D: Una alternativa sencilla para la medicion de la calidad de vida relacionada con la
salud en atencion primaria. Aten. Primaria 2001, 28, 425-429. https://doi.org/10.1016/S0212-6567(01)70406-4.

Cook, D.J.; Schmitter-Edgecombe, M.; Jonsson, L.; Morant, A.V. Technology-Enabled Assessment of Functional Health. IEEE Rev. Bio-
med. Eng. 2019, 12, 319-332. https://doi.org/10.1109/rbme.2018.2851500.

Dorri, S.; Zabolinezhad, H.; Sattari, M. The Application of Internet of Things for the Elderly Health Safety: A Systematic Review. Adv.
Biomed. Res. 2023, 12, 109. Available online: https://www.researchgate.net/publication/370355603_The_application_of_Inter-
net_of Things_for_the_elderly_health_safety_A_systematic_review (accessed on 8 December 2025).

Riadji, I; Kervin, L.; Dhillon, S.; Teo, K.; Churchill, R.; Card, K.G.; Sixsmith, A.; Moreno, S.; Fortuna, K.L.; Torous, ].; et al. Digital inter-
ventions for depression and anxiety in older adults: A systematic review of randomised controlled trials. Lancet Health Longev. 2022, 3,
e558-e571. https://doi.org/10.1016/52666-7568(22)00121-0.

Lin, L.; He, P. The effect of internet use on depressive symptoms in older adults: Based on the chain mediating role of physical exercise
and self-rated health. Front. Public Health 2024, 12, 1472445.

Vrandi¢, A.; Zadravec, H.; Orehovacki, T. The Role of Smart Homes in Providing Care for Older Adults: A Systematic Literature Re-
view from 2010 to 2023. Smart Cities 2024, 7, 1502-1550. https://doi.org/10.3390/smartcities7040062.

Saha, I; Sundstrom, C.; Kandasamy, A.; Kraepelien, M.; Dahiya, N.; Saha, A.; Jayaram-Lindstrom, N.; Chakrabarti, A.; Benegal, V.
Digital interventions for common mental health problems among older adults in low- and middle-income countries: A scoping review.
BM] Glob. Health 2025, 10, 17836. https://doi.org/10.1136/bmjgh-2024-017836.

Mao, Y.; Zhang, Z.; Yan, Z. From digital cities to smart homes: How does smart older adults care affect the life satisfaction of older
adults? —Evidence from CLASS 2020. Humanit. Soc. Sci. Commun. 2024, 11, 1679. https://doi.org/10.1057/s41599-024-04243-3.

Rosa, M; Juste, P.; Genaro, J.; Carballo, S.; Rodriguez Lopez, B. Las personas mayores ante las Nuevas Tecnologias de la Informacion
y Comunicaciéon. Un compromiso para reducir la brecha digital social. Pedagog. Soc. Rev. Interuniv. 2015, 26, 337-359.
https://doi.org/10.7179/PSRI_2015.26.13.

Salemink, K,; Strijker, D.; Bosworth, G. Rural development in the digital age: A systematic literature review on unequal ICT availability,
adoption, and use in rural areas. ]. Rural Stud. 2017, 54, 360-371. https://doi.org/10.1016/]. JRURSTUD.2015.09.001.

Mostaghel, R. Innovation and technology for the elderly: Systematic literature review. ]. Bus. Res. 2016, 69, 4896—4900.
https://doi.org/10.1016/].JBUSRES.2016.04.049.

Jung, J.; Ryu, H.C,; Lee, S. Enhancing cognitive and physical performance in older adults through wearable sensor-based interactive
cognitive-motor training: A randomized clinical trial. Sci. Rep. 2025, 15, 18604. https://doi.org/10.1038/s41598-025-03725-x.

Marengoni, A.; Angleman, S.; Melis, R.; Mangialasche, F.; Karp, A.; Garmen, A.; Meinow, B.; Fratiglioni, L. Aging with multimorbidity:
A systematic review of the literature. Ageing Res. Rev. 2011, 10, 430-439. https://doi.org/10.1016/j.arr.2011.03.003.

Mao, Q.; Zhang, J.; Yu, L.; Zhao, Y.; Luximon, Y.; Wang, H. Effectiveness of sensor-based interventions in improving gait and balance
performance in older adults: Systematic review and meta-analysis of randomized controlled trials. ]. Neuroeng. Rehabil. 2024, 21, 85.
https://doi.org/10.1186/512984-024-01375-0.

Gallardo Peralta, L.P.; Diaz Araya, P.L.; Mamani Mamani, M.P.; Ramirez Arangiiiz, N.M.; Zambrano Huanca, E.A_; Gallardo Peralta,
L.P,; Diaz Araya, P.L.; Mamani Mamani, M.P.; Ramirez Arangiiiz, N.M.; Zambrano Huanca, E.A. Calidad de vida en personas

https://doi.org/10.3390/s26030975



Sensors 2026, 26, 975 21 of 21

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

mayores de entornos rurales: Diferencias entre hombres y mujeres. Cienc. Enferm. 2021, 27, 33. https://doi.org/10.29393/CE27-
33CVLE50033.

Aliaga-Diaz, E.; Cuba-Fuentes, S.; Mar-Meza, M. Promocién de la salud y prevencion de las enfermedades para un envejecimiento
activo y con calidad de vida. Rev. Peru. Med. Exp. Salud Publica 2016, 33, 311-320. https://doi.org/10.17843/RPMESP.2016.332.2143.
Cobos, F.M.; Almendro, JM.E. Envejecimiento activo y desigualdades de género. Aten. Primaria 2008, 40, 305-309.
https://doi.org/10.1157/13123684.

Palacios, ].; Pérez-Cruz, P.; Webb, A.; Palacios, ]. The experience of caring for an older relative in Chile: Going beyond the burden of
care. Ageing Soc. 2022, 42, 1340-1359. https://doi.org/10.1017/S0144686X20001567.

Gallardo-Peralta, L.P.; Sinchez-Moreno, E.; De Roda, A.B.L.; Astray, A.A. Ethnicity, Social Support, and Depression Among Elderly
Chilean People. . Psychol. 2015, 149, 601-629. https://doi.org/10.1080/00223980.2014.946462.

Naviganuntana, Y.; Kerdcharoen, N.; Rawdaree, P. Factors Associated with Depressive Symptoms in Elderly Individuals Living in
Urban Communities. Psychol. Res. Behav. Manag. 2022, 15, 855. https://doi.org/10.2147/PRBM.S348782.

Rodriguez-Palomares, J.F. ;Por qué necesitamos la informacién metabdlica en las enfermedades cardiovasculares? Rev. Esp. Cardiol.
2021, 74, 290-292. https://doi.org/10.1016/].RECESP.2020.10.020.

Fernandez Vargas, A.M.; Bujalance Zafra, M.].; Leiva Fernandez, F.; Martos Crespo, F.; Garcia Ruiz, A.J.; Sanchez de la Cuesta y Alar-
con, F. Salud autopercibida, apoyo social y familiar de los pacientes con enfermedad pulmonar obstructiva crénica. Medifam 2001, 11,
44-53. Available online: https://scielo.isciii.es/scielo.php?script=sci_arttext&pid=51131-57682001000900003&Ing=es&nrm=isoésting=es
(accessed on 10 April 2024).

Llagostera-Reverter, I; Lopez-Alemany, M.; Sanz-Forner, R.; Gonzalez-Chord4, V.M.; Orts-Cortés, M.L; Llagostera-Reverter, I.; Lopez-
Alemany, M.; Sanz-Forner, R.; Gonzalez-Chorda, V.M.; Orts-Cortés, ML.L. Calidad de vida y autocuidado en enfermos de Parkinson de
un hospital comarcal: Estudio descriptivo. Enferm. Glob. 2019, 18, 346-372. https://doi.org/10.6018/EGLOBAL.18.1.294561.

Cabello Gonzalez, C.; Trandafir, P.C. The study of health-related quality of life using PDQ39 in patients with Parkinson’s disease
treated with advanced therapies. Rev. Cient. Soc. Esp. Enferm. Neurol. 2018, 48, 9-14. https://doi.org/10.1016/j.sedeng.2018.09.001.
Kulisevsky, J.; Pagonabarraga, J.; Llebaria, G.; Hernandez, B.; Arranz, J. Evaluacion de la satisfaccién médico/paciente con el uso del
“Parkinson’s Disease Dementia-Short-Screen” (PDD-SS): Un test de cribado para la demencia en la enfermedad de Parkinson (estudio
DIFUSION). Neurologia 2011, 26, 461-467. https://doi.org/10.1016/].NRL.2011.03.013.

Pelcastre-Villafuerte, B.E.; Trevifio-Siller, S.; Gonzalez-Vazquez, T.; Marquez-Serrano, M. Apoyo social y condiciones de vida de adul-
tos mayores que viven en la pobreza urbana en México. Cad. Saude Publica 2011, 27, 460—470. https://doi.org/10.1590/50102-
311X2011000300007.

Ruiz de Alegria-Fernandez de Retana, B.; Basabe-Barafiano, N.; Fernandez-Prado, E.; Bafios-Bafos, C.; Nogales-Rodriguez, M.A.; Ec-
havarri-Escribano, M.; Moraza-Echevarria, M.A.; Urquiza-Askuenaga, R.; Madinabeitia-Merino, R.; Gonzélez Manjén, M.; et al. Cali-
dad de vida y afrontamiento: Diferencias entre los pacientes de dialisis peritoneal continua ambulatoria y hemodialisis hospitalaria.
Enferm. Clin. 2009, 19, 61-68. https://doi.org/10.1016/]. ENFCLI.2008.10.011.

Liu, D.; Li, Q.; Han, S. Using Extended Technology Acceptance Model to Assess the Adopt Intention of a Proposed IoT-Based Health
Management Tool. Sensors 2022, 22, 6092. https://doi.org/10.3390/S22166092.

Coulby, G.; Clear, A.; Jones, O.; Young, F.; Stuart, S.; Godfrey, A. Towards remote healthcare monitoring using accessible IoT technol-
ogy: State-of-the-art, insights and experimental design. Biomed. Eng. Online 2020, 19, 80. https://doi.org/10.1186/512938-020-00825-9.
Choi, Y.K,; Thompson, H.]J.; Demiris, G. Use of an Internet-of-Things Smart Home System for Healthy Aging in Older Adults in Resi-
dential Settings: Pilot Feasibility Study. JMIR Aging 2020, 3, e21964. https://doi.org/10.2196/21964.

Chen, C.I; Hu, R.;; McAdam, R. Smart, Remote, and Targeted Health Care Facilitation Through Connected Health: Qualitative Study.
J. Med. Internet Res. 2020, 22, €14201. doi: 10.2196/14201.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/s26030975



