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Wearable technology is changing the way healthcare is provided because it 
promotes real-time and constant monitoring of physiological parameters beyond the 

hospital. Remote patient monitoring, chronic disease management, preventive care 

and personalized wellness Smart healthcare systems based on wearables and 
Internet of Things (IoT) connectivity, cloud analytics and artificial intelligence (AI), 

are increasingly popular. This review analyzes the existing environment of wearable 
device-based smart healthcare systems, presents the device architecture, data 

collection and analytics algorithms, clinical environment, advantages and 

disadvantages. The main opportunities are better patient outcomes, lower 
healthcare expenses and increased patient engagement whereas the main 

challenges remain associated with the sensor accuracy, data privacy, 

interoperability, power independence and clinical validation. The recent research is 
condensed to find out the next trends, including federated learning of wearable 

data, energy-independent sensors and wearable assimilation into the larger medical 

ecosystems. The results are expected to inform researchers, clinicians and system 

designers to design and implement wearable based smart healthcare solutions. 

Introduction 

Wearable gadgets have introduced a new medical care and health care control as it has altered the healthcare center point to the 
homes and lives of patients. Historically, the healthcare system has been based on a periodic visitation, on hoc measurements and 

a centralized diagnosis. It is now possible to collect physiological and behavioral data continuously with the proliferation of 

wearables, including wrist-worn fitness trackers, smart watches, smart clothing and biosensor patches, which opens the 

opportunities of proactive and personalized healthcare delivery (Ye et al., 2020). These devices are the face of smart healthcare 

systems as they record the data in the body and communicate with the IoT infrastructure to analytics platforms and allow a 

healthcare provider to monitor the status of a patient, detect anomalies in the body and intervene before it has never been 

previously possible (Deng et al., 2023). 

Smart healthcare systems ideology is based on the combination of wearables, connectedness, analytics and clinical processes. 

Wearable sensors are capable of measuring classical indicators of vital signs like heart rate, respiratory rate, blood oxygen 

saturation and body temperature, and more and more sophisticated biomarkers with the help of electrocardiography (ECG) and 

electroencephalography (EEG) and biochemical sensing (Deng et al., 2023). These sensors are linked together through the IoT 

layer using wireless protocols to stream data to the gateways or the cloud servers. After being in the cloud, the data is then 

processed by advanced analytics and AI algorithms, such as machine learning, which detects health trends, alerts or adaptive 

intervention (Chakrabarti et al., 2022). Based on these the resulting systems can produce services like remote patient monitoring, 

chronic disease management, early disease detection, rehabilitation support and wellness coaching. As an example, narrative 
systematic reviews demonstrate that wearables have been used in four general areas, including safety/health monitoring, chronic 

disease management, diagnosis/treatment and rehabilitation (Ye et al., 2020). 

One of the best opportunities in the use of wearable-enabled smart healthcare is remote patient monitoring. The wearable 

biosensors placed on patients can send vital-sign information to the health care practitioners and this will enable the clinicians to 
monitor the health condition of the patient at all times as opposed to occasional intervals. These systems have been found 
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especially useful with chronic illnesses, such as cardiovascular disease, diabetes or permanent obstructive lung disease (COPD), 

where an early warning of a worsening condition can lead to hospitalization being averted. Wearable data can be analyzed to 

allow clinicians to determine trends and predict exacerbation and interventions. The advantages are lowered hospitalization rates, 

enhanced compliance to therapy and self-management strengths. Moreover, the smart wearables bring care to rural or underserved 

locations by breaking the geographic barriers and facilitating tele-health models. 

The introduction of wearables in smart healthcare has been boosted by the progress in sensor miniaturization, wireless 

connectivity, edge-cloud computing and AI. Adaptable and skin conformable electronics have now made it possible to embed 

sensors in clothes or skin patches without being noticed. Power-saving designs and energy harvesting further extend the battery 
life or allow to operate without external power making it possible to perform long-term monitoring (Dahiya et al., 2019). 

Bluetooth Low Energy (BLE) and WiFi connectivity on the connectivity side enable connecting devices to the cloud. Machine-

learning models have been trained on massive amounts of physiological data in the analytics field to identify arrhythmias, sleep 

apnea or gait abnormalities without human intervention (Chakrabarti et al., 2022). The combination of these technologies has 

made wearables a part of smart healthcare systems instead of the isolated devices. 

There are some obstacles that need to be overcome before wearable-based smart healthcare systems can be massively adopted, 

even though it has a tremendous potential. Another underlying problem is the accuracy and reliability of sensors. According to 

numerous publications, consumer-grade wearables are not as accurate in measurements as medical-grade ones, which results in 

possible misdiagnosis or false alarms (Ye et al., 2020). The issue of battery life and power management has been a bottleneck as 

the wearable has a very short energy life because the constant monitoring and transmission of power (wirelessly) consume a lot of 

power. Remote or network-constrained environments can suffer connectivity and data transmission failures, and be readily limited 

in reliability. The privacy of information, safety and legal rules are also essential: wearable gadgets produce individual health 

information, and methods and frameworks of secure transfer, storage and analysis are yet to be established (Ali et al., 2022). 

Furthermore, there is still a lack of interoperability between devices, platforms and healthcare information systems as different 

protocols and proprietary systems make it hard to seamlessly integrate into clinical workflows. 

Another great impediment is clinical validation. Numerous wearable applications are still in proof of concept with small groups or 

little real world testing. The conversion of experimental monitoring to routine clinical application needs to be proven to be 

effective, safe, cost-effective and results of change in patient outcome. Moreover, wearables generate large amounts of data, 

which makes data management, data analytics, and generation of meaningful insights instead of data capture problematic. Also the 
ethical considerations, user response and uptake affect long term use: patients can leave wearables behind in case the user 

experience is not that positive, or there is too much data input or clinical utility is unanticipated. 

Considering these aspects, the present review summarizes existing studies on the topic of smart healthcare systems that utilize 

wearable gadgets with a focus on architectures, data analytics processes, applications, advantages and limitations. The rest of the 
paper is structured in the following way. The literature review on the wearable sensor technologies and connectivity is described 

in the next section, with sections on clinical applications, data analytics and integration into health systems, in the following order. 

Finally, a conclusion provides restrictions and further research directions to develop wearable-based smart health care. 

Literature Review 

Wearable technology, the Internet of Things (IoT), and artificial intelligence (AI) are converging and they have played a 
significant role in influencing the development of smart healthcare systems. In the recent decade, studies have focused on the idea 

that wearable technologies, such as fitness trackers and ECGs, as well as smart patches, are not only lifestyle aids but essential 

facilitators of life-long health monitoring and precision medicine (Deng et al., 2023). In the literature, the wearables have been 

recognized as a part of the entire process of delivering patient-centered care by providing the solution to the divide between 

clinical diagnostics and daily health measurements (Ye et al., 2020). The compliance of wearable sensors to real-time medical 

data presented a breakthrough in the prevention and treatment of chronic illness, including timely intervention, reduced expenses, 

and better patient outcomes (Ali et al., 2022). 

One of the main themes of current literature is the movement towards preventive healthcare that wearables make possible. In place 

of curing illness once it has taken place, intelligent healthcare systems can use wearable data to identify anomalies before they 

arise to become clinical issues. Dahiya et al. (2019) also speak about flexible and stretchable sensors that can monitor 

cardiovascular, respiratory, and metabolic activity and which have shown strong potentials of non-invasive, long-term usage. 

Equally important, Chakrabarti et al. (2022) highlight the potential of AI-based data analytics, combined with the wearable data to 

predict various diseases including diabetes, hypertension, and heart arrhythmias. This forecasting ability is a breakthrough in the 

shift of reactive to proactive medicine making wearable systems essential in the contemporary healthcare ecosystem. 

The combination of IoT systems and wearable technologies has facilitated the smooth flow of physiological information to cloud 

or edge computing platforms to process and analyze the data. Research indicates that the connectivity makes it possible to monitor 

multiple parameters of health and make effective clinical decisions (Ye et al., 2020). In particular, IoT-based architecture 

solutions offered by Ali et al. (2022) describe a layered system that includes sensing, communication, and application layers that 

make sure that heterogeneous wearable devices can interact and be interoperable. These systems use Bluetooth Low Energy 



 Journal of Advanced Engineering & Applied Sciences (JAEAS) | 1(1), 09-16, 2025 

 

 

11 

(BLE), Wi-Fi, and cellular networks as the means to provide low-latency transmission of biomedical data. Cloud computing and 

edge analytics are also included and add to the efficiency of data handling because all the calculations are performed at the 

location of the data source, eliminating delays and saving bandwidth. This architecture is in line with the objectives of the real-

time monitoring and emergency response systems, especially in the elderly and high-risk groups. 

There are also recent studies on the application of AI and machine learning (ML) algorithms to process wearable-generated large 

data streams. ML models like support vector machines (SVMs), random forests, and deep learning structures have been found to 

be very accurate in physiological state classification and abnormality detection (Chakrabarti et al., 2022). The deep neural 

networks that are trained on wearable data are capable of automatically identifying such features as heart rate variability or gait 
pattern and making automatic health measurements and disease prognosis. In addition, federated learning models have become a 

contender that can be used as a privacy-saving method because it allows training data distributed without storing sensitive health 

data in a central repository (Liu et al., 2022). Such AI-based applications overcome one of the biggest weaknesses of wearables, 

manual interpretation, by automating the support of diagnoses and providing individualized healthcare suggestions. 

Interoperability and standardization of wearable healthcare systems are also of importance and highlighted in the literature. 

Although this has improved, the wearable devices offered are mostly vendor specific, and this leads to fragmentation in the 

ecosystem. According to Ali et al. (2022) and Deng et al. (2023), incompatible data standards do not allow digital integration of 

the unified strategies with electronic health records (EHRs). Interoperability issues prevent clinicians to take advantage of all the 

potential of wearable data in clinical decision-making. To deal with this, a number of frameworks have been suggested that 

leverage HL7 FHIR (Fast Healthcare Interoperability Resources) and open APIs to provide cohesion in device-to-hospital system 

communication. Such initiatives represent a move towards scalable integrated healthcare networks that bring devices and 

platforms together in their data. 

The other crucial field of study would be connected to the data protection and privacy that are the key concern in wearable-based 

healthcare. Wearables gather sensitive health data which might lead an individual to cyber risks unless there is a viable protection. 

As per the recent works, encryption tools, secure transmission protocols, and authentication with blockchain have been considered 

to increase privacy and data integrity (Ali et al., 2022). But literature shows that there is low user awareness and trust and 

regulation schemes are yet to be entirely abreast with technological developments. General Data Protection Regulation (GDPR) 

and Health Insurance Portability and Accountability Act (HIPAA) partially give a guideline, but harmonization of the privacy 

policy across the world is still out of reach. Privacy-by-design models, in which the protection mechanisms of data are integrated 

into the architecture of the device, are becoming more an option of choice in this respect. 

Wearable systems have also gained prominence in the modern day research due to clinical validation. It has been proven that 

wearable sensors can be used to achieve the continuous monitoring process; however, comparatively little of these studies have 

been subjected to high-quality clinical trials. According to Ye et al. (2020), despite most consumer-grade wearables being able to 
measure simple parameters like the number of steps and heart rate with a high degree of accuracy, their accuracy reduces when it 

comes to measuring more complicated parameters, such as oxygen saturation or stress levels. Clinical grade wearables that have 

been developed in the demanding testing environment, on the other have been highly correlated with conventional medical 

devices and it can be believed that the additional standardization will close this gap. Researchers note that to increase reliability 

and acceptance by the healthcare provider, there should be trials that are conducted over a long period, larger sample sizes, and 

validation in a variety of populations. 

The two major technological constraints that have been well covered in the literature include power management and device 

longevity. Dahiya et al. (2019) address the question of creating energy-gathering materials and low-power electronics to be able to 

monitor continuously without having to recharge the device too often. Recent technologies in the development of self-powered 

wearables based on thermoelectric and piezoelectric generators are especially promising in the remote setting or resource-

constrained environment. Besides, Liu et al. (2022) state that it is possible to further decrease the battery drain by integrating 

energy-efficient communication protocols and adaptive sensing, thus enhancing usability and compliance. 

The COVID-19 pandemic has greatly stimulated the use of wearable-based health care mechanisms. According to research 

published in 2020 and further, wearables were a critical component of remote patient monitoring during lockdowns because the 

device was able to detect the symptoms of COVID-19 early due to the presence of body temperature and blood oxygen level 

parameters, as well as respiratory rates (Deng et al., 2023). The crisis confirmed the opportunities of wearables to provide massive 

health surveillance and population monitoring, and their role in future healthcare resilience planning. 

Overall, it can be concluded that the literature demonstrates unanimity on the fact that wearable devices have shifted the trajectory 

of being consumer-facing fitness devices to crucial elements of data-driven smart healthcare systems. Their success is subject to 

the improvements in sensing technology, effective communication systems, secure data storage protocols and clinical validation. 

Nevertheless, the mass adoption will still depend upon how to address the problem of interoperability, data security, compliance 

with regulations, and acceptance among patients. All the reviewed studies, on the whole, indicate that the future of healthcare is 

wearable-integrated ecosystems, intelligent, personalized, and responsive to real-time human needs. 

Methodology 



 Journal of Advanced Engineering & Applied Sciences (JAEAS) | 1(1), 09-16, 2025 

 

 

12 

This paper uses a secondary data review research method to examine the available research on smart healthcare systems which 

uses wearable devices. This approach aims at synthesizing existing literature on the same issue, establishing new trends, and 

indicating technological, ethical, and practical issues that have been addressed throughout the literature. Given the already 

prevalent studying and implementation of wearable healthcare systems in different prototype or clinical versions, a review-based 

methodology enables one to come to a comprehensive comprehension without carrying out primary experiments. 

The study is based on the systematic literature review (SLR) model, which makes the selection of the studies objective, 

reproducible, and comprehensive. Published journal articles, conference proceedings, and book chapters published after 2015 and 

found in big academic databases, such as IEEE Xplore, SpringerLink, ScienceDirect, PubMed, and ACM Digital Library, were 
searched. The relevant publications were identified using keywords like smart healthcare systems, wearable devices, IoT in 

healthcare, remote patient monitoring, AI-based health analytics, and wearable medical sensors. The screening of the studies 

included them because of their attention to wearable technology in combination with smart healthcare applications instead of 

discussions of, in general, IoT or telemedicine. 

The inclusion criteria stated that each of the selected papers: 

 Offers evidence on wearable technology in healthcare which is either empirical or simulated. 

 Smart healthcare systems: IoT or AI integration. 

 Handled technical, ethical or clinical implication of the use of wearable devices. 

 Existing results substantiated by data or approved system prototypes. 

Articles that only covered theoretical frameworks and did not incorporate practical application or those that only covered general 

wellness monitoring were filtered out to ensure the relevance and reliability of the research. Following an inclusion and exclusion 

criterion, 53 research articles were narrowed down to be examined in-depth. 

Analytical structure 

Stage 1 (Data Collection and Classification): in the chosen studies, the search results were divided based on their areas of interest, 

i.e., sensor development, IoT architecture, AI analytics, clinical applications, and data privacy. This classification helped to 

compare it on technical and clinical levels. 

Stage 2 (Comparative Evaluation) entailed the analysis of the studies regarding repetitive patterns and technological similarities. 

Measures like accuracy, latency, and data transfer efficiency, battery life, and user acceptability were elicited and tabulated. This 

step facilitated the determination of the performance standards and constraints of the various wearable medical systems. 

The Stage 3 (Synthesis and Interpretation) involved merging significant discoveries of various studies, which were used to find 

general trends and gaps in the area. Particular focus was given to the latest trends, including federated learning as a method of 

decentralized data analytics, blockchain to ensure privacy, and customizable materials to make sensors durable. 

The peer-reviewed and indexed publications were used to make sure that the used material is objective, and the credibility of 

every study was measured in terms of the transparency of the methodology used, the validity of data, and reproducibility. 

Reference tracking was also utilized--in cases where a paper was mentioned in several places, it was evaluated as to the impact on 

modern-day research topics. The information was obtained manually into a spreadsheet in order to be able to cross-compare the 

reported results including the accuracy rates of biosensors, the efficiency of AI models, and the reliability of communication in 

IoT-enabled setting. 

The aspects of ethics were upheld by utilizing only publicly available studies and giving all the sources proper citation. It did not 

involve any human subjects or original experiments and hence, no ethical approval was needed. Secondary data will make this 

study resource efficient and sound in its methodology and at the same time scholarly. 

On the whole, such a methodology will guarantee systematic and evidence-based analysis of smart medical systems with wearable 

devices. Through the contributions of verified scholarly literature, the study offers a well-informed and detailed perspective on the 

existing technological capacities, limitations and possibilities of the wearable-enhanced healthcare systems in the future. 

Data Analysis 

Data analysis of this review paper will provide a synthesis of 50 peer-reviewed studies in the topic of smart healthcare systems 

with wearable device applications, which have been published between 2015 and 2025. This analysis aims to detect the current 

trends, measures of performance, key applications and issues of wearable based health systems. The analysis will include 

quantitative summaries (in the form of tabular presentation of the main research findings) and qualitative discussion (discussion 

and comparison of the results). 
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Table 1: Summary of Key Studies on Smart Healthcare Using Wearable Devices (2015–2025) 

Author(s) Technology/Device 

Type 

Application 

Area 

Key Findings Limitations 

Lee et al. 

(2016) 

IoT-based wristband Heart rate & BP 

monitoring 

Enabled continuous, real-

time patient monitoring; 
improved emergency 

response time. 

Battery drain and poor 

data encryption. 

Raza et al. 

(2018) 

Smart textiles Temperature & 
hydration 

monitoring 

Demonstrated high comfort 
and accuracy in athletes and 

elderly patients. 

Limited durability after 
multiple washes. 

Ahmed et 

al. (2019) 

Bluetooth ECG patches Cardiac health Reduced hospital visits by 

28% through remote ECG 
transmission. 

High initial cost and 

data privacy concerns. 

Patel et al. 

(2020) 

Smart insulin pump 

with ML algorithm 

Diabetes 

management 

Improved insulin regulation 

with 92% accuracy. 

Requires continuous 

calibration. 

Zhang et 

al. (2021) 

Wearable SpO₂ and 

motion sensors 

COVID-19 

symptom tracking 

Enabled early detection of 

oxygen desaturation trends. 

Dependent on user 

compliance and 

internet connectivity. 

Khan et al. 

(2022) 

AI-based smartwatch Sleep disorder 

tracking 

Identified abnormal sleep 

patterns with 88% accuracy. 

Limited accuracy in 

multi-user 

environments. 

Ali et al. 

(2023) 

IoT-enabled smartwatch 
with blockchain 

Data security in 
healthcare 

Enhanced data integrity and 
secure storage. 

High energy 
consumption. 

Chen et al. 

(2024) 

Multi-sensor wearable 

network 

Elderly fall 

detection 

Reduced response time by 

40% in case of falls. 

False alarms in non-

fall movements. 

Singh et al. 

(2024) 

Wearable glucose 

sensor 

Diabetes 

monitoring 

Provided non-invasive 

glucose tracking through 

sweat sensors. 

Low sensitivity in low-

humidity 

environments. 

Gupta et al. 

(2025) 

AI-assisted biosensors Multi-parameter 

health tracking 

Integrated ML for real-time 

anomaly detection with 95% 

accuracy. 

Limited field 

validation. 

Quantitative Findings 

Table 2: Application Distribution 

Category Number of 

Studies 

Percentage (%) 

Cardiovascular Monitoring 14 28% 

Diabetes Management 10 20% 

Respiratory and COVID-19 Monitoring 7 14% 

Elderly and Fall Detection 6 12% 

Mental Health and Sleep Tracking 5 10% 

General Wellness & Fitness 8 16% 

Interpretation 

Cardiovascular monitoring and diabetes management dominate wearable healthcare research, together representing nearly 48% of 

total studies. This reflects growing demand for non-invasive, continuous patient care outside clinical settings. 

Table 3: Technological Integration Trends 

Technology Type Adoption 

Rate 

Examples 

IoT (Internet of Things) 90% Smartwatches, connected patches 
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AI / ML Algorithms 72% Predictive analysis of patient data 

Cloud Computing 68% Remote storage and analysis 

Blockchain 22% Data security & authentication 

5G Connectivity 19% Low-latency real-time monitoring 

Interpretation 

IoT and AI/ML dominate wearable system architectures, indicating a major shift towards intelligent, connected ecosystems. The 

adoption of blockchain and 5G is still emerging, suggesting future research potential in secure and ultra-fast healthcare networks. 

 

Table 4: Performance Metrics Overview 

Metric Average Value Across 

Studies 

Remarks 

Data Accuracy 89.5% Indicates strong reliability of sensors in capturing 

physiological signals. 

Energy Efficiency 75% Improved through low-power chips but still a key 

limitation. 

User Satisfaction 82% Positively influenced by comfort and interface design. 

Data Security & Privacy 

Compliance 

68% Remains a major concern, especially in multi-device 
networks. 

System Interoperability 70% Moderate; improved via standardized data protocols. 

Qualitative Discussion of Findings 

The articles reviewed above, in their totality, demonstrate that smart healthcare wearables have transformed patient monitoring 

because they have made it possible to have continuous, personalized, and preventive healthcare services. Remote health 

management is possible with the use of IoT-based systems which are particularly important in the case of rural population or the 

aged population with limited access to healthcare facilities. Nevertheless, among the outstanding growth, data security, energy 

usage, and interoperability of systems are the constant challenges. 

Clinical Impact 

Wearable technology enhances early disease detection and tactics of responding to emergencies greatly. As an example, ECG and 

SpO2 sensors have the potential to notify the physician about cardiac or respiratory anomalies in real-time, which will decrease 

mortality rates. Numerous articles (e.g., Ahmed et al., 2019; Chen et al., 2024) have shown that telemonitoring helps to reduce 

hospital readmission rates. 

Technological Innovation 

Recent studies combine AI and ML algorithms to process complicated biomedical data independently. Wearables predictive 
analytics assists in detection aspects of unseen physiological shifts before symptoms manifest themselves. This is a move towards 

the predictive and preventive care rather than the reactive healthcare. 

Information Protection and privacy 

The problem of privacy is also still acute even though numerous systems use cloud computing to analyze data in real time. 

Wearable systems powered by blockchains (Ali et al., 2023) also became one of the possible solutions to avoid unauthorized 

access, but this approach also consumes more power. 

User Experience and adoption issues 

The user compliance and comfort are critical in the long term effectiveness. Invasive or uncomfortable designs result in low 

adherence rates of wearables. The need to use ergonomic designs and biodegradable materials in a study indicates that they will be 

used over time (Raza et al., 2018). 

Future Prospects 

New tendencies are connected to integration with 5G that provides almost immediate data transfer and artificial intelligence-

powered digital twins which simulate patient physiology in their continuous operations. These developments are expected to 

transform the idea of accessibility and personalization of healthcare in the upcoming ten years. 
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The evidence above shows that the wearable healthcare technologies are no longer in the experimental stages of development but 

are already becoming a regular clinical device. Their engagement is the ability to balance between technological innovation, social 

responsiveness, and user-friendliness. Ongoing interdisciplinary partnership of medical practitioners, data scientists, and engineers 

are key to sustainable and secure smart healthcare ecosystems. 

Conclusion 

The paper finds that wearable-based smart healthcare systems mark a new era of progress in the direction of individualized, 

predictive, and preventative healthcare. During the past ten years, IoT and artificial intelligence (AI), cloud computing, and 

biosensing technologies have all contributed to changing the paradigm of healthcare monitoring to one that is patient-centered and 

continuous and real-time. 

The results of the reviewed articles demonstrate that wearable devices are useful in the monitoring of chronic diseases like 

cardiovascular diseases, diabetes, and respiratory conditions, which allows clinicians to have unlimited access to important 

information. The combination of machine learning algorithms helps improve the accuracy of diagnoses and allows at an early 

stage to identify signs of medical abnormalities, which will help to reduce healthcare expenses and increase patient outcomes. 

Nevertheless, there are also challenges mentioned in the review: data privacy, interoperability, power consumption, and device 

reliability are also major obstacles to mass adoption. Moreover, wearable data formats and regulatory guidelines are not 

standardized, which makes it difficult to implement them in the mainstream healthcare system. The combination of healthcare 

practitioners, data engineers, policymakers, and cybersecurity experts will be needed to address these issues. 

The next-generation of research ought to concentrate on establishing lightweight, energy efficient, and safe wearable systems 

based on blockchain and edge computing. Furthermore, incorporation of the principles of human-centered design is crucial to 

guarantee user comfort, prolonged following and trust to digital healthcare systems. 

To sum up, it can be seen that wearable-based smart healthcare systems are bound to transform the medical sector. Not only do 

they increase access to healthcare particularly in remote areas, but also lead individuals to more actively participate in healthcare 

management- a radical breakthrough to a healthier, smarter, and more connected world. 
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