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Abstract: Global aging necessitates a paradigm shift in elderly care from reactive treatment to proactive, integrated health
management. This transition is enabled by a synergistic framework combining Internet of Things sensing for continuous
monitoring, Artificial intelligence for predictive analytics and personalization, and assistive robotics for physical and
psychosocial support. These technologies converge to create continuous, person-centered service chains within inclusive
environments. However, significant challenges in technology reliability, data governance, social acceptance, commercial
viability, and adaptive policy-ethics frameworks hinder implementation. Future evolution, therefore, requires agile
governance, human-centered design, and cross-sector collaboration to build sustainable, trustworthy, and equitable

intelligent care ecosystems that truly enhance the well-being and dignity of older adults.

Keywords: Global aging; Health care; Artificial intelligence; Geriatric care systems

Online publication: December 31, 2025

1. Introduction

The 21st century is witnessing an unprecedented and irreversible demographic shift characterized by rapidly

By 2050, it is projected that one in six people worldwide will be over the age of

aging populations globally
65, a significant increase from one in eleven in 2019. This profound demographic transformation presents a
formidable dual challenge to healthcare and social care systems, which have historically been structurally and
financially oriented towards providing acute, episodic care . These legacy models are ill-equipped to manage
the complex, chronic, and co-morbid conditions that define the health trajectories of older adults ™. Consequently,
traditional, reactive paradigms of geriatric care are increasingly strained, struggling to ensure a high quality of
life for aging individuals while managing escalating costs and resource constraints ', In response to this pressing
global imperative, a profound and necessary transformation is underway, driven by the powerful convergence of
advanced, human-centric service paradigms and disruptive technological innovation . This review, therefore,

explores this critical juncture, arguing that the successful integration and synergistic alignment of global

322



innovations are pivotal to bridging the chasm between aspirational concepts of “aging well” and the practical,
scalable, and sustainable delivery of personalized care.

The foundation of this necessary transformation lies not merely in technological adoption, but in a
fundamental paradigm shift in the philosophy of service delivery . This encompasses the essential move from
a reactive, disease-centric model to a proactive, preventative, and holistic person-centered one . This shift is
operationalized through three deeply interconnected core concepts, which together form a new framework for
modern geriatric care: (1) proactive health intervention, which emphasizes preemptive prevention, early detection
through precision monitoring, and continuous management of health risks before they escalate into debilitating
and costly crises; (2) continuous whole-person service chains, which seek to seamlessly integrate and coordinate
care across the entire spectrum—ifrom hospitals and clinics to community centers and the home setting—thereby
addressing the full biopsychosocial needs of the older individual; and (3) the deliberate creation of inclusive
supportive environments, which utilize universal design principles, assistive technologies, and community-based
programs to foster autonomy, dignity, and meaningful social connectedness, thereby mitigating isolation .

Critically, these advanced conceptual frameworks are being translated into reality by a synergistic and
rapidly evolving ecosystem of digital technologies. The Internet of Things (IoT) and smart sensing technologies
form a pervasive, always-on network for the continuous, unobtrusive, and real-time monitoring of vital signs,
activities of daily living, and behavioral patterns . The vast, dynamic datasets generated by this sensory layer
are processed and interpreted by artificial intelligence (Al) and big data analytics, which serve as the intelligent
core for predictive modeling of health declines, personalized intervention planning, and optimized resource
allocation within care systems "', Furthermore, robotics and assistive devices provide tangible physical and
psychosocial support, ranging from rehabilitation robots that aid motor recovery to social companion robots that
mitigate loneliness, thereby directly realizing the goals of age-friendly environments and enhancing functional
independence.

However, the path from isolated innovation to widespread, effective, and equitable implementation is fraught
with significant complexities that threaten to undermine its transformative potential !'*. These multifaceted
challenges form critical barriers that must be systematically addressed. They include the dual hurdles of
technology reliability and data governance, such as ensuring the clinical-grade accuracy of sensing devices,
maintaining system stability in complex home environments, and establishing robust, ethical frameworks to
safeguard sensitive health information against breaches; significant barriers related to societal acceptance and
business feasibility, encompassing the deep digital divide, low technology self-efficacy among some older adults,
high upfront costs, and a lack of clear, sustainable reimbursement models; and a pervasive policy lag and emerging
ethical dilemmas, where regulatory and legal frameworks struggle to keep pace with technological advancement,
leading to gray areas in accountability and raising profound concerns about algorithmic bias, fairness, and the
potential dehumanization of the care experience ""*'¥.

Therefore, this review aims to synthesize current evidence, lessons from pilot implementations, and diverse
global practices to provide a comprehensive and critical analysis of how these advanced concepts and modern
technologies are being integrated to redefine the very fabric of geriatric care. It will systematically examine the
applied service models, assess the growing evidence base for their impact on clinical outcomes, cost-effectiveness,
and quality of life, and delineate the critical socio-technical challenges that must be navigated. By doing so, this
paper seeks to provide a strategic roadmap for researchers, policymakers, healthcare providers, and technology
developers, outlining the necessary collaborative steps to co-design and build resilient, effective, equitable, and
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ultimately sustainable health and geriatric care systems fit for the challenges and opportunities of the 21st century
(Figure 1).

2. Paradigm shift and application model of advanced service concepts

2.1. Proactive health intervention shift

Proactive health intervention represents a paradigm shift from reactive treatment to health management by

integrating preventive measures at both individual and systemic levels ">'?’. This model is fundamentally rooted

in concepts such as precision health monitoring, lifestyle modification programs, and early detection through

innovative technologies . For instance, continuous glucose monitoring systems have demonstrated significant

success in the preventive management of diabetes-related complications by enabling improved glycemic control

161 Similarly, machine learning algorithms applied to cardiovascular disease prediction have shown potential in

reducing mortality through timely intervention "', Application frameworks that promote this proactive approach

typically combine policy reform, patient-centered care models, and interdisciplinary collaboration ""*. Japan has
embedded robotic caregiving into its national long-term care insurance framework, while the U.S. has focused

on consumer-grade wearable devices and value-based reimbursement pilots—reflecting divergent pathways
shaped by distinct policy and market logics "”. Evidence indicates that such interventions can reduce
hospitalization rates, improve the quality of life of aging populations, and alleviate the economic burden

associated with chronic diseases

. Future development in proactive health intervention should focus on
strengthening public health campaigns, advancing digital infrastructure, and addressing ethical issues related to
data privacy and accessibility. Through the systematic integration of these dimensions, a more sustainable
health care system centered on prevention can be established, thereby generating a ripple effect that promotes
societal health and well-being in the context of population aging.

2.2. Continuous whole-person service chain

Establishing a continuous whole-person service chain requires the development of sustainable systems capable
of delivering integrated healthcare across institutional, community, and home-based settings. By incorporating
intelligent health management systems (IHMS) and loT frameworks, innovations such as wearable health devices
and telemedicine platforms have enhanced monitoring accuracy and expanded service scalability *'"’. For example,
community-based healthcare networks that utilize real-time data sharing enable early intervention and seamless
continuity of care between hospital and home environments, contributing to reduced readmission rates and lower
overall healthcare costs '),

Globally, several implementation models have demonstrated notable success. Japan has pioneered the use
of robotic caregiving systems to support patient autonomy and social interaction, while the European Union
has adopted integrated care pathways that combine preventive health measures with structured chronic disease
management *. These models illustrate the practical effectiveness of advanced service frameworks designed to
meet the evolving needs of aging populations **.

Looking ahead, critical challenges remain, including addressing ethical concerns related to data privacy and
mitigating disparities in digital access. By advancing cross-disciplinary innovations and implementing supportive
governance structures, such integrated service systems can sustainably transform elderly care delivery, promoting

dignity, safety, and well-being throughout later life **.
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2.3. Inclusive supportive environments
Inclusive supportive environments are pivotal for enhancing elderly care services by integrating safe physical
designs, assistive technologies, and community engagement to reduce social isolation and promote well-being
1 Key strategies include deploying IoT-enabled health monitoring devices and robotic caregiving systems,
which support older adults’ independence, safety, and dignity """ Furthermore, community-based programs that
strengthen social support networks help address non-clinical health determinants, reinforcing inclusivity and
empathy in care delivery *°,

Globally, initiatives in countries such as Japan and the United States illustrate the integration of inclusive
design with advanced technology. Examples range from robotic assistants for daily living activities to

728 These approaches demonstrate how

neighborhood health hubs that use real-time data to tailor services
environmental and technological innovations can adapt to the needs of a growing aging population.

International frameworks guided by organizations such as the United Nations and the World Health
Organization are increasingly emphasizing inclusivity as a standard in holistic care, integrating physical,
psychological, and social dimensions of well-being. To ensure the sustainability of these environments, ethical
governance must address data privacy, equitable access to smart health technologies, and socioeconomic disparities
among older adults *”". Through collaboration among healthcare providers, policymakers, and technology

developers, inclusive supportive environments can deliver lasting benefits for individuals and communities alike.

3. Technological enablers of the advanced care paradigm

3.1. IoT and smart sensing technologies

The advancement of [oT and smart sensing technologies is fundamentally transforming health monitoring and
elderly care, enabling the construction of comprehensive, continuous, and non-intrusive monitoring networks '
(Figure 1). These systems integrate wearable devices—such as smart wristbands and intelligent clothing—with
environmental sensors, including millimeter-wave radar, smart mattresses, and door/window sensors, to seamlessly
collect critical physiological and behavioral data from older adults "

Real-time acquisition of key health indicators—such as vital signs (e.g., heart rate, blood pressure, and
blood oxygen saturation), activity patterns, sleep quality, and adverse events like falls or prolonged inactivity—is
achieved through this interconnected sensing infrastructure *”. The continuous data stream supports a shift from
reactive care toward proactive health management, laying the foundation for early warning and timely intervention
1 By transitioning from post-event response to preemptive monitoring, IoT-driven systems help maintain and
enhance intrinsic capacity in aging populations.

Practical applications illustrate this proactive capability. For example, smart mattresses embedded with
pressure and motion sensors can identify sleep disturbances or detect prolonged immobility, thereby alerting
caregivers to risks such as pressure ulcer formation ", Similarly, contactless solutions like millimeter-wave radar
enable fall detection and subtle movement monitoring without compromising personal privacy, making them
suitable for both home and community settings “*. These technologies enhance safety while supporting autonomy,
a key objective in healthy aging initiatives.

Furthermore, integrating loT-generated data with advanced analytics allows healthcare providers to identify
population-level health trends and develop predictive risk models **. Such capabilities contribute to robust,
scalable, and sustainable elderly care frameworks, essential for meeting the growing demands of aging societies

globally.
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Figure 1. IoT for proactive aging: From data collection to early intervention

3.2. Artificial intelligence and big data analytics

Artificial intelligence and big data analytics constitute the intelligent analytical core of modern health
management, transforming raw data collected from front-end sensing technologies into actionable insights for
integrated, multidimensional care **. These Al-powered systems extend far beyond risk prediction. They enable
dynamic health profiling, multimodal data fusion, and adaptive care coordination, supporting not only early
detection of cognitive and functional decline but also personalized task allocation, cognitive assistance, and
real-time responsiveness to behavioral fluctuations ®. This comprehensive analytical capacity shifts the
care paradigm from reactive response to proactive, integrated health management.

At the individual level, Al synthesizes multimodal data—including physiological, behavioral, and
environmental inputs—to construct dynamic and comprehensive health profiles. These profiles support the
generation of truly personalized intervention plans, encompassing tailored physical activity regimens, nutrition
guidance, and medication management strategies optimized for the individual’s health status and preferences "
At the systemic level, big data analytics provides health systems with the tools to optimize resource allocation,
streamline care coordination, and match service delivery precisely to fluctuating demand patterns. This data-
informed approach enhances operational efficiency while supporting collaborative, evidence-based decision-
making within multidisciplinary care teams °*. Together, AI and big data analytics facilitate the convergence of
previously fragmented services into continuous, coordinated, and person-centered care pathways. By powering
intelligent health ecosystems, these technologies not only advance the integration of preventive, curative, and
supportive care but also strengthen the adaptability and responsiveness of holistic service chains—ensuring they

remain aligned with the evolving needs of aging populations in diverse care settings.

3.3. Robotics and assistive devices

Robotics and assistive devices represent a tangible and impactful manifestation of age-friendly environments,
directly supporting older adults in both physical and psychosocial domains. Rehabilitation robotics, including
upper-limb training systems and gait-training platforms, deliver precise, repetitive, and quantifiable exercises that
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enhance motor recovery efficiency . Such devices are widely implemented in post-stroke rehabilitation and
other mobility impairments, aiding elders in regaining essential functional abilities **.

Beyond physical restoration, social companion robots address prevalent psychosocial challenges such as
loneliness and social isolation "% Through conversation, entertainment, and reminders for daily activities, these
robots provide meaningful engagement that fosters emotional well-being and mental health . Deployed in real-
world settings, humanoid robots have demonstrated measurable benefits in offering psychosocial support to older
adults Y,

Functional assistive technologies—including smart exoskeletons, powered suits, and intelligent walkers—
directly enhance mobility and support the completion of activities of daily living *. For instance, smart
exoskeletons augment physical strength and postural stability, promoting safer and more autonomous movement.
Similarly, sensor-equipped walkers aid in balance control and obstacle detection, reducing fall risks **.

Collectively, these robotic and assistive systems provide integrated support that bridges physical and
psychosocial needs. Physically, they facilitate rehabilitation, mobility, and accessibility, thereby preserving
independence and dignity. Socially and emotionally, they encourage participation, reduce isolation, and contribute
to an enhanced quality of life. By empowering older adults to live with greater autonomy, confidence, and
social connectedness, such technologies reflect a transformative shift toward supportive, person-centered aging

environments.

4. Application challenges and future evolutions

4.1. Dual challenges of technology reliability and data governance

The integration of advanced technologies into high-stakes health and elderly care contexts introduces dual
challenges: ensuring reliable system performance and establishing robust data governance (Figure 2). In terms of
technological reliability, key concerns include the measurement accuracy of sensing devices, operational stability
over extended periods, and adaptability to the varied and often unpredictable conditions of home and community
environments ', Failures in these domains—such as undetected falls or inaccurate physiological readings—can
lead to delayed interventions and pose direct safety risks to vulnerable older adults *Y. Moreover, ensuring long-
term system robustness and resilience across diverse usage scenarios demands continuous technical optimization

tailored to the specific needs and capacities of the aging population **'.

Parallel to technical concerns are persistent challenges in data governance. Beyond data breaches ", a
more pervasive ethical issue is consent opacity—many older adults are unaware that their daily behaviors
are continuously recorded and potentially repurposed. Current consent models, often delegated to
proxies, undermine relational autonomy, a core principle of geriatric ethics. Compounding this is
fragmented information architecture: the lack of unified data standards creates silos, hindering the
integrated decision-making essential for comprehensive elderly care .

Addressing these dual challenges requires coordinated progress in two directions. First, technological
development must prioritize the creation of robust, elderly-friendly systems capable of reliable operation in real-
world settings ", Second, there is a pressing need to establish secure and interoperable data-sharing frameworks.
Technologies such as blockchain offer promising pathways toward transparent, consent-based data access while
maintaining privacy . Concurrently, the adoption of cross-sector interoperability standards is essential to break

down data silos, enabling the continuous, holistic care models required to support aging populations effectively **.
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Figure 2. Dual challenges for trustworthy elderly care technology

4.2. Societal acceptance and business feasibility barriers

The widespread adoption of intelligent elderly care technologies faces significant non-technical hurdles, primarily
stemming from societal acceptance and business feasibility ©”. In terms of societal acceptance, the digital divide—
unequal access to and ability to use digital technologies—excludes a substantial portion of older adults from
benefiting from technological innovations °". This gap is compounded by a lack of trust in complex systems,
resistance to change, and the steep learning curves associated with new devices, which collectively dampen
adoption willingness among the elderly **. Moreover, the acceptance by formal and informal caregivers, who
often serve as intermediaries or decision-makers, is equally critical for successful technology integration into daily
care routines (Figure 3).

From a commercial perspective, smart elderly care solutions encounter considerable feasibility barriers.
High initial costs for development and deployment, coupled with ongoing maintenance expenses, pose challenges
for sustainable implementation B3 Furthermore, the absence of clear and scalable revenue models—including
ambiguity over financing responsibilities among governments, insurers, and individuals—has hindered the large-
scale commercialization and market penetration of these technologies **.

Future strategies must therefore adopt a dual approach. To enhance societal acceptance, design processes
should embrace empathetic, user-centered principles that prioritize the real needs, capabilities, and preferences
of older adults °*. Initiatives such as intergenerational digital support programs and “technology mentorship”
schemes can facilitate digital literacy and foster trust. To address commercial viability, public-private partnership
models should be explored to diversify funding sources and share risks. Concurrently, rigorous long-term cost-
effectiveness analyses are essential to demonstrate the economic value of these technologies to stakeholders °°.
Through such coordinated efforts, intelligent elderly care solutions can become not only technologically advanced

but also broadly accessible, socially embraced, and economically sustainable.
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Figure 3. Overcoming non-technical barriers to smart elderly care adoption

4.3. Policy lag and emerging ethical governance dilemmas

The rapid integration of advanced technologies into elderly care reveals significant challenges at the intersection
of policy and ethics. In the regulatory domain, existing legal frameworks governing medical device approval,
software certification, and data protection struggle to keep pace with the speed of technological iteration °”. This
lag creates regulatory gaps and legal ambiguities, particularly concerning liability allocation when system failures
or adverse events occur, raising unresolved questions about whether responsibility resides with manufacturers,
developers, service providers, or end-users °*’. Such uncertainty undermines trust and constrains the safe,
widespread adoption of innovative care solutions.

Ethically, the deployment of these technologies introduces profound dilemmas. An over-reliance on
automated systems risks “dehumanizing” care, potentially eroding the interpersonal essence of caregiving .
Algorithmic decision-making, while efficient, may embed or amplify biases, challenging principles of fairness
and equity in service delivery ’. Furthermore, the introduction of social robots into care settings reconfigures
traditional human relationships, generating new sociocultural tensions regarding autonomy, companionship, and
the nature of care itself.

Moving forward, a responsive and ethically attuned governance approach is essential. “Agile governance”
models that support iterative, adaptive regulation can help align policy with technological evolution "’ Regulatory
sandboxes offer a controlled environment to test innovations while safeguarding against risks. Concurrently, the
development and adoption of cross-sector ethical guidelines for Al in care are imperative to ensure transparency,
accountability, and fairness . Fostering inclusive public dialogue and interdisciplinary collaboration—spanning
technology, ethics, law, and social sciences—will be crucial to co-create an innovation ecosystem that is not only

technologically advanced but also socially responsible and human-centered.

5. Conclusion and perspective

This review delineates a fundamental transition in elderly care from fragmented, reactive models toward
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integrated, proactive, and person-centered ecosystems. The core of this paradigm shift lies in the reorientation of
care philosophy—from treating illnesses to sustaining health and intrinsic capacity. This is operationally realized
through the synergistic convergence of proactive health frameworks, continuous service chains, and inclusive
environments, all of which are technologically enabled by the deep integration of loT, Al, and robotics.

However, the realization of this advanced service paradigm is not merely a technological endeavor but a
complex socio-technical reorganization. The identified challenges—spanning technical reliability, data governance,
societal acceptance, commercial viability, and adaptive policy-ethics frameworks—are interconnected. They reveal
that the primary bottleneck is no longer technological capability per se, but our capacity for systemic innovation
in governance, design, and value distribution. For instance, data silos hinder proactive care; digital exclusion
contradicts inclusive goals; and rigid regulations stifle the very innovation needed for resilient solutions.

Therefore, the future evolution of intelligent elderly care must prioritize integration and balance. It requires
moving beyond developing discrete technologies to architecting interoperable socio-technical systems. Success
will depend on balancing efficiency from automation with the irreplaceable value of human touch, balancing data-
driven personalization with robust privacy and equity safeguards, and balancing rapid innovation with thoughtful,
agile governance. Ultimately, the goal is to cultivate a mature care ecosystem where technology does not replace
human care but amplifies it, where systems are not only smart but also trustworthy and equitable, and where aging
is supported not just by devices and data, but by a coherent, compassionate, and sustainable society. This journey
from conceptual shift to lived reality demands continued cross-disciplinary collaboration, ethical leadership, and a
steadfast commitment to aligning technological progress with the fundamental dignity and holistic well-being of
every older adult.
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