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Abstract 
Healthcare infrastructures worldwide face growing pressure to provide individualized and 

forward-thinking care for aging populations. Traditional healthcare models frequently fail to 

meet the needs of people dealing with long-term illnesses or physical movement limitations. 

This research examines how real-time social and behavioral data streams, enhanced by causal 

AI, can revolutionize adaptive health interventions. Causal AI utilizes wearable sensors, 

environmental monitors, and social media activity to identify the root causes of health 

changes, leading to early and tailored interventions. Personalized support systems powered 

by AI dynamically respond to changing health conditions and contextual factors, delivering 

medication reminders as well as assistance with mental health engagement and social 

connectivity. The study demonstrates that a comprehensive, data-driven approach facilitates 

the implementation of a 4P medicine framework, which improves the early detection of 

diseases while supporting personalized treatment planning and enhancing quality of life 

through predictive and participatory medical practices. 

The research examines the crucial role of ongoing monitoring systems, which provide 

feedback that enables interventions to adapt in real time based on behavioral patterns and 

health data. The review examines the practical and ethical aspects, encompassing algorithmic 

bias, privacy issues, explainability concerns, and inclusivity considerations, with a special 

focus on elderly and vulnerable individuals. The study highlights how regulatory governance, 

alongside active stakeholder participation and fair AI design principles, are key to building 

trust and accountability when viewed through an interdisciplinary research approach. This 

study recommends striking a balance between protecting human dignity and promoting 

technological innovation when integrating AI into geriatric care, thereby empowering aging 

individuals, alleviating health system pressures, and improving their health outcomes. 

Keywords: Adaptive Health intervention, older adults using casual AI, Behavioral Data, 

Streaming Social. 

 

Introduction 
The increasing number of older adults worldwide underscores the need to develop advanced 

healthcare solutions that effectively meet their specific needs and address their unique 

challenges (Taylor & Silver, 2019). The standard healthcare systems experience challenges in 

delivering customized and forward-thinking patient care, particularly for people who suffer 

from chronic illnesses or have restricted movement capabilities. Adaptive health 

interventions utilize causal artificial intelligence, leveraging streaming social and behavioral 

data, to deliver breakthrough solutions for geriatric care.  

These interventions dynamically adjust their operation to accommodate a person's evolving 

health status, life circumstances, and environmental factors while providing targeted support 

and information to promote wellbeing and independence (Rowe & Lester, 2020). Causal AI 
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algorithms analyze real-time data from wearable sensors and other sources to identify 

patterns and predict health risks, enabling early interventions that prevent adverse events and 

improve health outcomes (Rowe & Lester, 2020). The shift in manual labor during the 

Industrial Revolution created foundational developments that led to the progressive evolution 

of healthcare wearables and AI systems, resulting in today's wearable biosensors and AI 

technologies (Secara & Hordiiuk, 2024). The utilization of mobile and wearable devices in 

self-management systems has increased due to software algorithms that gather and analyze 

data, enabling individuals to monitor their health actively (Mennella et al., 2024). 

 

The application of machine learning techniques in wearable technology enables the 

instantaneous tracking and analysis of health data to produce personalized health 

management guidance (Olyanasab & Annabestani, 2024). Health informatics has rapidly 

adopted AI analytics in recent years for managing chronic conditions, including diabetes and 

obesity, according to Ayesh (2024). Today's digital health and medicine expansion reflects an 

accelerated shift toward technological solutions, such as health apps and wearable 

technology, for improved care quality and prompt responses to health situations (Chang, 

2019). 

The integration of AI in Medicine has enabled a 4P model. Per 

Personalized and predictive Medicine, which supports preventive care and participatory 

patient involvement, utilizes smartphone technology for electronic health records 

management and vital signs monitoring (Briganti & Moine, 2020). Technological 

advancements deliver personalized support and guidance that enhances wellbeing and 

independence through the continuous analysis of real-time data from wearable sensors, social 

media activity, and environmental monitors. AI algorithms demonstrate substantial capability 

through their analysis of patient data, such as vital signs and test results, to forecast health 

issues and develop customized care plans (Li et al., 2024). The development of intelligent 

medical technologies is enabling a new field in Medicine: Augmented Medicine represents a 

field where new medical technologies enhance various aspects of clinical practice (Briganti & 

Moine, 2020). The study examines adaptive health interventions for seniors through real-time 

analysis of social and behavioral data using causal AI techniques. 

 

The combination of causal AI methods with real-time streaming data offers a powerful 

solution. 
Causal AI transforms machine learning practices by establishing causal relationships between 

variables rather than merely examining correlations (Elvas et al., 2025). The healthcare field 

requires an accurate understanding of cause and effect for interventions to ensure 

effectiveness and prevent unintended outcomes. Causal AI algorithms use streaming social 

and behavioral data to identify health and wellbeing determinants for creating targeted 

interventions that tackle health issues at their core. The real-time and continuous 

characteristics of streaming data provide extensive insights into personal daily routines and 

social behaviors. Wearable sensors measure physical activity and physiological parameters, 

tracking sleep patterns, while social media provides information about mood states and social 

engagement related to health. 

 

Environmental sensors track air quality levels alongside noise measurements and additional 

health-impacting elements. The integration of heterogeneous data streams requires advanced 

data fusion methods, along with robust data governance measures, to ensure privacy and 
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security (Serag et al., 2019). Healthcare humanities rely on AI-driven analysis of big data 

because AI algorithms help identify diagnostic patterns, leading to improved precision (Tariq, 

2023). Medical AI applications analyze clinical notes to enhance data management systems 

while also supporting patient risk identification and the development of new drugs. AI 

research focuses heavily on predictive analytics and risk assessment, through which models 

can forecast patient outcomes, including disease progression possibilities and surgical 

complication risks (Li et al., 2024). 

 

Healthcare applications of AI represent a growing sector where machine-learning approaches 

forecast health trends and enhance diagnostics and treatment methods, leading to improved 

clinical outcomes and more efficient healthcare delivery (Jiang et al., 2017). The goal is to 

anticipate disease development or advancement through the examination of patient records 

combined with clinical data and additional relevant sources. These algorithms process 

extensive medical data sets to detect patterns and correlations that human analysis might miss 

(Bekbolatova et al., 2024; Varnosfaderani & Forouzanfar, 2024). Researchers aim to forecast 

disease onset and progression by examining patient and clinical data, as well as additional 

relevant information. The method facilitates the early identification of diseases, enabling 

customized treatment plans and forward-thinking intervention approaches. AI algorithms now 

analyze medical imaging, including X-rays, MRIs, and CT scans, with high precision, and 

sometimes, they surpass human experts in detecting abnormalities (AbuAlrob & Mesraoua, 

2024). 

 

Artificial intelligence applications span disease diagnosis processes, predicting infectious 

disease patterns, and discovering new drug targets (Kuwaiti et al., 2023; Olawade et al., 

2023). Researchers have utilized AI to process large data volumes, enabling the identification 

of complex patterns that humans cannot easily comprehend, which has led to remarkable 

breakthroughs in genomic research and drug development (Alowais et al., 2023). The 

application of AI in radiology is highly relevant because it enhances both speed and precision 

in identifying and diagnosing various conditions. AI systems function as essential tools in 

drug discovery and development by examining large molecular compound datasets to 

estimate their potential effectiveness and safety. The drug development process becomes 

faster and less costly than traditional methods through this approach (Oualikene-Gonin et al., 

2024). AI plays a pivotal role in creating customized treatment plans by analyzing patients' 

genetic profiles along with their lifestyle and medical histories (Houfani et al., 2021). AI 

technology analyzes text and speech patterns to identify depression, anxiety, and other mental 

health issues, which enables healthcare professionals to offer timely interventions and 

support. 

 

Adaptive Interventions: Tailoring to the Individual 
Healthcare systems implement adaptive interventions that use causal AI analysis insights to 

provide older adults with personalized support and guidance. These interventions 

dynamically adapt in real time to meet the evolving needs and circumstances of each 

individual (AlSamhori et al., 2024). Healthcare benefits from direct AI applications, 

presenting various challenges and opportunities, as described by Ghassemi et al. (2019). The 

application of AI extends across various functions, including supporting medical decision-

making processes, advancing knowledge systems, fostering patient participation, and 

streamlining administrative work. An adaptive intervention could initiate with medication 
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reminders but increase in complexity to virtual coaching sessions or healthcare consultations 

when patient activity decreases or mood worsens. AI systems enhance the efficiency of 

medical personnel by providing assistance that reduces their workload. Healthcare 

professionals receive data-driven recommendations through AI-enabled systems that analyze 

large datasets to facilitate faster, informed decision-making. 

 

Successful adaptive interventions depend on ongoing monitoring and feedback mechanisms. 

The process involves monitoring individual progress while identifying adherence challenges 

and tailoring interventions as necessary. AI applications in sentiment analysis and predictive 

analytics demonstrate significant potential, and their analytical capabilities enhance early 

diagnosis and personalized treatment (Alhuwaydi, 2024). When an older adult shows signs of 

social isolation, adaptive interventions may aim to connect them to local community events 

or online social networks. The intervention can supply personalized reminders and 

educational materials while connecting patients with pharmacists for medication 

reconciliation if they struggle to manage their medications. Medical professionals can 

determine optimal treatment paths by utilizing AI algorithms to analyze health data and 

medical histories and predict patient responses to various medical interventions. The primary 

objective is to enable older adults to preserve their wellbeing and independence while 

simultaneously alleviating strain on caregivers and the healthcare system (Parekh et al., 

2023). 

 

The implementation of AI in Healthcare demands careful analysis of ethical concerns to 

ensure that its deployment is fair and responsible. The ethical challenges that arise from AI-

driven healthcare systems include concerns about bias and the protection of privacy and data 

security. Healthcare settings must enforce protective measures to secure patient data and 

maintain ethical standards as AI expands its role in medical applications. A combined 

approach from policymakers, developers, healthcare professionals, and patients is necessary 

to solve AI-related legal and ethical problems in Healthcare (Jeyaraman et al., 2023). 

The establishment of AI healthcare regulations and standards, alongside algorithmic 

transparency and professional education on AI technology, represents key components of this 

strategy (Abukhadijah & Nashwan, 2024). Maintaining these treatments over time requires 

finding an equilibrium between technological advancements and ethical principles to 

establish healthcare systems that work more effectively while ensuring fairness and patient 

focus (Pham, 2025)(Lambert et al., 2023). 

 

 

Literature Review 

The Role of AI in Healthcare 
Healthcare applications of AI use advanced algorithms and technologies to replicate human 

cognitive processes for medical data analysis and decision-making (Yelne et al., 2023). AI 

aims to enhance medical procedures by advancing disease identification, treatment planning, 

patient monitoring, and healthcare management (Faiyazuddin et al., 2025). AI transforms 

healthcare delivery by customizing therapeutic approaches based on individual genetic 

profiles alongside environmental and lifestyle factors (Yu et al., 2018). The personalization 

process leads to better treatment outcomes and reduces adverse effects. 

AI's uses in Healthcare can be divided into several key categories (Kuwaiti et al., 2023): 

Artificial Intelligence systems analyze medical images to detect illnesses during diagnosis. AI 
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algorithms enable radiologists and other medical professionals to detect subtle anomalies and 

patterns in X-ray, MRI, and CT scan images that would have remained unnoticed. AI-driven 

virtual assistants and chatbots offer personalized assistance to patients, responding to their 

inquiries and monitoring health vitals between medical appointments. Artificial intelligence 

plays a critical role in drug discovery by identifying potential drug candidates while also 

predicting their success and accelerating medication development phases as outlined by 

various studies (Varnosfaderani & Forouzanfar, 2024) (Kuwaiti et al., 2023) (Mizna et al., 

2025). Although AI integration into medical procedures demonstrates potential benefits, it 

remains essential to address the ethical, legal, and practical challenges that emerge 

(Faiyazuddin et al., 2025). 

 

Ethical and Practical Considerations 
To ensure AI systems operate without endangering patients, their dependability and safety 

need thorough evaluation and validation. Healthcare AI implementation necessitates 

consideration of both ethical and practical issues, including the protection of data privacy and 

addressing algorithm bias and transparency (Torkey et al., 2025). Ensuring patient privacy 

protection while training AI systems requires adherence to data security and privacy 

regulations, including the Health Insurance Portability and Accountability Act (HIPAA). 

Healthcare providers must track AI algorithms for biases because they can sustain current 

healthcare inequalities when trained on skewed datasets. The human experience remains 

indispensable for successful AI implementation in Healthcare, as per the findings of Alowais 

et al. (2023). Medical professionals need both to understand AI-generated findings and 

suggestions and to apply their professional judgment to take necessary actions. Transparency 

remains vital for both medical professionals and patients to understand the functioning and 

decision-making processes of AI algorithms (He et al., 2018; Naik et al., 2022). 

 

Research demonstrates that AI implementation in Healthcare introduces ethical concerns such 

as data protection, fairness in algorithms, safety measures, and system transparency (Naik et 

al., 2022) (Hildt, 2025). Lack of transparency in AI algorithms poses a significant issue, as it 

hinders people's ability to understand and trust AI decision-making (Davenport & Kalakota, 

2019). The reliability of AI systems remains a significant concern, as mistakes in AI-guided 

medical treatments pose risks to patients. 

AI and Data Analysis 
AI algorithms that merge behavioral and social data sources enable the creation of 

personalized health interventions for the elderly population (Hildt, 2025). The algorithms 

continuously examine data gathered from wearable sensors, alongside social media activity 

and environmental factors, to detect trends and potential hazards (Akhtar, 2025). 

AI-based health treatment development relies heavily on streaming behavioral and social data 

when designing solutions for older persons. AI algorithms analyze patterns from social media 

posts and wearable sensor data to gain an understanding of health behaviors, as well as social 

connections and emotional wellbeing. 

 

Casual AI 
Casual AI enables older adults to use technology effortlessly, as it has been designed for 

intuitive accessibility, eliminating the need for specialized training or technical knowledge. 

Transparent and explainable AI techniques enhance algorithm performance by helping users 

understand how AI systems arrive at their recommendations (Kaplan, 2020). Through the 
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analysis of wearable sensor data trends and social media post patterns, AI algorithms provide 

a significant understanding of social interactions, as well as emotional states and health 

behaviors, according to Sargent (2021) and Weiner et al. (2025). Customizing the user 

interface and experience of AI systems enables us to offer personalized interventions that 

match the preferences and abilities of older adults. 

 

Bias and Fairness 
Healthcare AI algorithms require thorough bias evaluation because they impact vulnerable 

groups such as older adults (Liu et al., 2023). The opaque nature of AI decision-making 

processes creates patient trust issues because transparency deficits in algorithm functioning 

undermine patient confidence (Akingbola et al., 2024). To achieve fairness and reduce bias in 

AI-driven healthcare solutions, it is necessary to address data disparities while implementing 

explainable AI models and involving diverse teams during algorithm development and 

evaluation ("Ethical Considerations In The Use Of AI Mortality Predictions In The Care Of 

People With Serious Illness," 2020). The creation of unbiased algorithms in healthcare 

decision-making is necessary because AI systems may inadvertently perpetuate existing 

biases present in historical health data, resulting in unequal diagnostic and treatment 

outcomes (Elendu et al., 2023). The performance and reliability of AI systems improve 

significantly when training datasets include diverse sources and properly represent different 

demographic populations (Nazer et al., 2023) (Zou & Schiebinger, 2021). 

Artificial intelligence serves two purposes in Healthcare: reducing costs and enhancing 

elderly safety while simultaneously improving domiciliary care through technological 

advancements. 

 

AI processes extensive datasets from wearable sensors and social media to identify health 

trend patterns and potential health risks among older adults. This method enables AI-driven, 

customized interventions that can be adapted to meet the specific needs and preferences of 

every individual (Nazer et al., 2023). Building healthcare algorithms requires stakeholder 

consultation and partnership to establish a shared understanding of algorithmic design (Lu et 

al., 2022). Protecting data security and privacy through robust safeguards is crucial when AI 

systems analyze health data from elderly individuals. 

 

Long term monitoring 
AI-driven interventions in elderly care require continuous monitoring and feedback loops to 

assess both their effectiveness and their long-term consequences. The evaluation process 

examines both the effective integration of technology into everyday life and its impact on 

social interaction, as well as health-related quality-of-life outcomes. The use of AI demands 

an evaluation of potential adverse outcomes, including dependency on technology and 

reduced human interaction, which can lead to social isolation. Research into the ethical 

aspects of embodied AI usage is necessary, while medical professionals require education on 

how to inform patients about algorithms in various applications (Fiske et al., 2019). 

Education programs should be established to guide senior citizens in applying AI 

technologies for healthcare purposes, maximizing technological advantages. 

 

Integration of AI 
The application of artificial intelligence combined with robotics in elder care raises 

significant ethical concerns that necessitate thorough evaluation (Pradhan et al., 2023). The 
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ethical and responsible use of AI in Healthcare depends on addressing ethical concerns and 

ensuring equitable access while fostering multidisciplinary collaboration (Farhud & Zokaei, 

2021). The shortage of geriatricians fails to keep pace with healthcare needs due to the 

world's rapidly aging population (Pradhan et al., 2023). AI and human collaborations possess 

the potential to enhance patient care while solving emerging concerns related to technological 

safety, privacy protection, and trustworthiness (Harrington et al., 2021). Implementing rules 

and regulations to ensure AI use in Healthcare meets moral standards for patient protection is 

essential (Elendu et al., 2023). 

 

Healthcare AI integration presents substantial ethical and regulatory challenges that require 

careful attention to patient safety standards, as well as data protection and healthcare 

regulations (Mennella et al., 2024). Strong regulatory frameworks must be established to 

supervise AI applications in Healthcare while addressing accountability, transparency, and 

liability concerns. Organizations must ensure patient data protection through robust security 

measures and stringent access protocols while applying anonymization methods to prevent 

unauthorized access and data breaches (Naik et al., 2022). AI systems must be designed with 

adherence to legal standards, such as GDPR and HIPAA while prioritizing data security and 

privacy protection. Ensuring AI-driven healthcare solutions remain inclusive and equitable 

for all older adults requires consideration of their diverse cultural and linguistic backgrounds 

(Abujaber & Nashwan, 2024; Gill, 2021; Mennella et al., 2024; Pham, 2025). 

 

Regulation and Governance 
The proper function and ethical deployment of AI systems within Healthcare rely on 

established regulatory frameworks and governance structures (Pesapane et al., 2021). 

Developing standards that govern explainability, bias mitigation, transparency requirements, 

and validation processes for healthcare AI algorithms are of critical importance (Elendu et al., 

2023). Post-market surveillance mechanisms need to be established to enable performance 

tracking of AI systems, which will help identify and address any potential problems or 

unintended outcomes. The development of ethical standards and best practices for AI 

applications in elderly care needs collaborative input from ethicists, regulators, healthcare 

professionals, and AI developers (Zhang & Zhang, 2023). Developing comprehensive 

protocols for data governance alongside consent processes and data-sharing agreements is 

essential to protect patient autonomy and privacy within AI-driven healthcare systems (Pham, 

2025; Zhang & Zhang, 2023). 

 

Healthcare AI systems must prioritize ethical considerations, including fairness and 

transparency, while safeguarding patient rights, according to Abujaber and Nashwan (2024). 

The analysis of streaming behavioral and social data can expose private information, raising 

concerns about its potential misuse. AI integration in healthcare settings requires careful 

consideration of its impact on doctor-patient interactions and the essential role of human 

supervision in clinical decision-making processes (Abujaber & Nashwan, 2024). AI systems 

require explainable AI strategies to build trust and understanding among healthcare 

professionals, as these strategies demonstrate how AI algorithms arrive at their conclusions 

(Markus et al., 2020). To ensure that AI functions ethically and effectively in healthcare 

settings, it is essential to prioritize transparency, accountability, and patient empowerment 

(Abujaber & Nashwan, 2024; Gerke et al., 2020; Göktaş & Grzybowski, 2025; Jha et al., 

2023). 
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The healthcare community stands to benefit from AI when they apply these principles to 

build a healthcare system that delivers more effective and equitable care for everyone 

(Shuaib, 2024). The responsible application of AI in Healthcare requires collective efforts to 

address ethical issues (Jeyaraman et al., 2023). The necessity to address algorithmic bias 

exists so that AI systems function fairly without sustaining health disparities. An inclusive 

and equitable healthcare AI ecosystem demands algorithmic auditing and transparent model 

development procedures (Panch et al., 2019). To ensure AI systems in Healthcare adhere to 

ethical standards and responsibility requirements, patients must be involved and obtain their 

informed consent through specific strategies (Marey et al., 2024) 
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