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 Abstract: 

AI-based wearable health monitoring devices are transforming healthcare by 
enabling continuous, noninvasive, and real-time monitoring of physiological 
parameters, such as heart rate, ECG, EEG, blood pressure, glucose levels, 
respiration, and body temperature. These devices integrate advanced 
biosensors, edge computing, and machine learning (ML) or deep learning (DL) 
algorithms to detect, predict, and manage chronic diseases effectively. 
Examples of such devices include Apple Watch, Fitbit Sense, Hexoskin Smart 
Shirt, Garmin Vivosmart, and BioSticker, which use biosensors to collect 
electro-physiological and electro-chemical signals. AI/ML algorithms analyze 
complex time-series and image-based data to provide personalized insights, 
early diagnosis, and continuous patient monitoring. Data preprocessing, secure 
wireless transmission, and energy-efficient solutions enhance the reliability and 
usability of these devices. Future research is expected to focus on advanced 
machine learning models, explainable AI (XAI), embedded and edge AI, 
multimodal data fusion, and reducing the dependency on clinical parameters 
to expand accessibility and performance. Ethical considerations, including 
data privacy, algorithmic transparency, and equitable access, are critical for 
the safe and responsible adoption of AI. Despite challenges such as sensor 
reliability, black-box models, high computational requirements, and cost 
limitations, AI-powered wearables hold immense potential for improving 
patient outcomes, supporting remote healthcare, and transforming traditional 
healthcare systems. 
Key Points: 
• Continuous, noninvasive monitoring of vital signs and chronic 
conditions. 
• Integration of advanced biosensors with AI/ML and DL for predictive 
analytics. 
• Real-world devices: Apple Watch, Fitbit Sense, Hexoskin Smart Shirt, 
Garmin Vivosmart, and BioSticker. 
• Data preprocessing, secure wireless transmission, and energy-efficient 
solutions enhance the efficiency of the devices. 
• Ethical considerations include privacy, transparency, and equitable 
access. 
• Future research should focus on explainable AI, edge computing, 
multimodal data fusion, and reducing dependence on clinical variables. 
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Introduction:  
Wearable Health Devices (WHDs) represent an 
important emerging technology that allows 
continuous and mobile monitoring of vital signs 
in everyday life, whether at work, home, during 

physical activity, or within clinical 
environments. Their main advantage is that they 
minimize user discomfort and do not interfere 
with the daily routine. WHDs originated from 
the concept of personal health systems 
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introduced in the late 1990s, which aimed to 
place individuals at the center of healthcare 
management and promote “patient 
empowerment.” This approach encourages 
people to actively monitor their health status 
while benefiting from technological 
advancements. These devices combine 
innovations from various scientific fields, 
including biomedical engineering, micro- and 
nanotechnology, materials science, electronics, 
and information and communication 
technology, thereby creating a multidisciplinary 
foundation for modern wearable health 
solutions (Dias & Cunha, 2018). 
The healthcare industry is rapidly transitioning 
toward digital health technologies, driven by the 
growing need for real-time monitoring and 
improved diagnostic capabilities. The increasing 
prevalence of chronic conditions, such as 
diabetes, heart disease, and cancer, along with a 
rise in the aging population, has significantly 
increased the importance of continuous and 
remote health monitoring devices. This shift 
highlights the essential role of wearable sensors 
in supporting early diagnosis and long-term 
disease management (Shajari et al., 2023). 
Artificial intelligence (AI) and machine learning 
(ML) have become central to the functioning of 
modern smart wearables because they are 
embedded within their architecture. AI-based 
wearable systems are widely used in medical care, 
sports performance monitoring, rehabilitation, 
entertainment, and smart home surveillance. 
These systems can track and analyze conditions 
such as heart failure, diabetes, and 
cardiovascular diseases. They are also capable of 
detecting emotional states, identifying human 
postures, and classifying sleep stages. AI 
approaches range from traditional machine 
learning methods to advanced deep learning 
techniques, enabling the improved processing of 
complex biosignals (Seng et al., 2023). 
Wearable health technologies have transformed 
the way individuals monitor their physiological 
activities by enabling the continuous tracking of 
vital parameters. However, conventional 
wearables typically rely on simple algorithms and 
user input, which limits their ability to provide 
accurate or personalized insights. Integrating AI 
into wearable devices overcomes these 
limitations by analyzing large volumes of data in 

real time, identifying hidden patterns, and 
detecting early indicators of health problems. AI-
driven wearables can deliver personalized 
recommendations, generate alerts, and support 
predictive healthcare by recognizing subtle 
physiological changes (Etli et al. 2024). 
The combination of medical sensors with 
artificial intelligence has attracted significant 
interest because it enhances the efficiency and 
accuracy of health-monitoring systems. Medical 
sensors convert biological parameters into 
measurable signals, such as electrical or optical 
outputs. These sensors can operate either 
through off-body detection, such as fluid analysis 
using blood, saliva, urine, and breath, or 
imaging, or through near-body monitoring using 
wearable devices attached directly to the skin. 
Near-body sensors enable continuous, real-time 
data collection, providing new opportunities for 
remote and digital healthcare. When paired with 
AI, these sensors can improve diagnostic 
accuracy and support more effective health-care 
systems (Chen et al., 2024). 
AI has become fundamental to modern wearable 
bioelectronics, enabling advanced data 
interpretation. Machine learning and deep 
learning algorithms allow devices to analyze 
complex data sets, recognize patterns, and 
generate predictions. For instance, supervised 
learning models can classify ECG signals to 
detect arrhythmias, whereas unsupervised 
learning can reveal trends in user health. AI also 
enhances data quality through noise reduction, 
extracting features, and detecting anomalies. 
Furthermore, the integration AI with edge 
computing enables real-time analysis directly on 
the device, reducing latency, increasing privacy, 
and decreasing power consumption. These 
capabilities make AI-powered wearables highly 
effective tools for proactive health management, 
such as the detection of abnormal heart rhythms 
or prediction of hypoglycemic events (Huang et 
al., 2025). 
Despite the benefits of big data and AI, wearable 
devices raise ethical and privacy concerns. 
System vulnerabilities may allow unauthorized 
access to personal health data, leading to risks 
such as data breaches and misuse of 
information. As wearable technologies advance, 
the consequences of data leakage become 
increasingly serious. In some cases, companies 
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prioritize new features over user data protection, 
resulting in weak security. The misuse of health 
data—such as unauthorized sales for advertising, 
poses additional risks. To address these 
challenges, stricter regulations, improved device 
security, and greater user awareness are required. 
Despite these concerns, wearable technologies 
continue to show strong potential for promoting 
healthier lifestyles and improving healthcare 
outcomes (Chang et al., 2019). 
Several wearable devices, such as ViSi Mobile 
and HealthPatch, have been tested in hospital 
environments for the continuous monitoring of 
vital signs and compared with traditional nurse-
measured readings. The results were generally 
positive, but the presence of artifacts and 
measurement errors indicates that further 
improvement is necessary for clinical 
equivalence. Additionally, advanced motion 
sensors have been successfully used in complex 
clinical assessments. For example, in a study on 
early Parkinson’s disease, motion tasks achieved 
more than 90% sensitivity. However, such 
precision required specially designed suits with 
numerous sensors, highlighting that current 
wearables still face challenges in reaching 
clinical-grade accuracy (Izmailova et al., 2018). 
The purpose of this work is to provide a 
comprehensive overview of biosensors used in 
wearable bioelectronic systems. It aims to 
explain how these devices detect physiological 
biomarkers and how their integration into 
wearable platforms enhances real-time health 
monitoring. This review also seeks to classify 
different types of biosensors, highlight their 
working principles, and evaluate their 
performance in non-invasive applications. 
Another objective is to analyze recent 
technological advancements that improve 
sensitivity, specificity, and user comfort. 
Furthermore, the review intends to discuss 
current challenges, such as signal stability, 
material biocompatibility, and data accuracy. 
Overall, the objective is to offer updated 
scientific insight that supports future 
development of efficient, reliable, and 
consumer-friendly wearable biosensing 
technologies. 
 
 
 

Methodology:  
This study is based on a comprehensive review 
of research on AI-based wearable health 
monitoring devices, covering literature 
published over the past 7–8 years (2018–2025). 
Data was collected from peer-reviewed journals, 
including studies on biosensors, wearable 
devices, AI and machine learning applications, 
ethical considerations, challenges, and future 
research directions. The review focused on 
integrating findings from experimental studies, 
clinical trials, and systematic reviews to provide 
a holistic understanding of wearable 
technologies and AI-enabled health monitoring 
systems. Key parameters analyzed include 
physiological signal monitoring, sensor types, 
data preprocessing techniques, AI/ML 
algorithms, energy management, and ethical and 
privacy considerations. The collected data were 
synthesized to highlight trends, identify research 
gaps, and outline potential areas for future 
exploration in digital healthcare. 
Device Types in Wearable Health Technology: 
Wearable health devices encompass a variety of 
technologies, often overlapping in functions, 
making strict categorization challenging. In this 
context, we will use the term “wearable” as a 
general reference to wrist-worn devices capable 
of tracking and transmitting physical activity 
(PA) data to a mobile phone (Henriksen et al., 
2018). 
 
Smartwatches and Fitness Trackers: 
Smartwatches are wrist-worn devices that 
primarily function as mobile phone extensions, 
providing notifications and tracking physical 
activity and related health metrics. Modern 
smartwatches often feature touchscreens, high-
resolution displays, and advanced analytics to 
present detailed activity trends (Henriksen et al., 
2018). Fitness trackers, also called smart bands, 
are generally worn on the wrist or hip and focus 
specifically on monitoring physical activity. They 
are typically more affordable than smartwatches 
due to simpler hardware and fewer sensors, 
which also often results in longer battery life and 
a simplified interface (Henriksen et al., 2018). 
Related terms include sports watches and GPS 
watches, which merge features of smartwatches 
and fitness trackers. 
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Fitness trackers serve multiple functions beyond 
mirroring smartphone notifications. They 
employ built-in sensors to monitor motion, 
count steps, calculate calories burned, track 
distance traveled, and analyze sleep patterns, 
providing a comprehensive understanding of 
individual activity levels (Bizel et al., 2022). 
While smartwatches can capture activity data via 
health apps, dedicated fitness trackers often 
provide more accurate and extensive physical 
activity tracking. Popular brands include Fitbit, 
Apple Watch, Garmin, Amazfit, and Huawei 
Band. Research indicates that fitness trackers, 
when combined with smartphone applications, 
can effectively promote physical activity in adults 
aged 18–65 and encourage goal-oriented 
behaviors such as step counting, weight loss, or 
participation in group challenges (Bizel et al., 
2022). 
Smartwatches have also advanced applications 
in remote health monitoring and mobile health 
(mHealth). By continuously tracking metrics 
such as steps, heart rate, energy expenditure, and 
overall activity levels, these devices provide real-
time feedback and facilitate timely interventions, 
including medication reminders or 
communication with healthcare providers (King 
& Sarrafzadeh, 2018). Despite their potential, 
widespread adoption in clinical settings is 
limited by factors such as cost, wearability, and 
battery life. Smartphones, while useful for data 
processing and communication, cannot provide 
continuous biometric monitoring, particularly 
during high-intensity activity (King & 
Sarrafzadeh, 2018). Nevertheless, the modularity 
of smartwatch software allows for 
personalization to individual healthcare needs, 
indicating substantial potential for future 
healthcare integration. 
 
Chest Straps and Heart Rate Monitors: 
The development of wearable heart rate (HR) 
monitors began in the 1980s to meet the needs 
of the sports industry, initially using dry 
electrodes mounted on chest straps with radio-
linked wrist receivers. These devices have been 
validated for accuracy across various activities, 
although their size and comfort limited everyday 
use, especially for non-athletic populations 
(Sartor et al., 2018). Modern strapless HR 
monitors, often based on 

photoplethysmography (PPG), offer less 
obtrusive alternatives while still providing 
valuable data for monitoring HR and heart rate 
variability (HRV), which are critical for 
understanding training load, recovery, and 
injury prevention (Parak et al., 2021). 
Chest strap monitors, relying on 
electrocardiography (ECG), remain highly 
accurate, particularly for beat-to-beat HR data, 
and are considered the standard for precise 
physiological monitoring (Marzano-Felisatti et 
al., 2024). Wrist-worn PPG devices measure 
blood flow using green LEDs and photodiodes, 
estimating heartbeats based on changes in 
arterial blood volume. While PPG devices are 
convenient, their accuracy can be affected by 
factors such as exercise intensity, movement, 
skin tone, and body composition (Marzano-
Felisatti et al., 2024). Therefore, inter-device 
comparisons are essential to assess measurement 
reliability across different activities and 
populations. 
 
Smart Clothing and Textile-Based Wearables: 
Smart clothing integrates multiple micro-sensors 
into textiles for physiological monitoring. These 
systems combine fabric, biosensors, and 
intelligent sensors with high-tech materials and 
rely on mobile cloud support to achieve machine 
intelligence (Chen et al., 2016). Smart clothing 
applications range from health monitoring and 
sports to entertainment and military use. The 
intelligence of these systems derives from both 
sensing capabilities and cloud-based processing, 
involving expertise from clothing design, 
materials science, low-power wireless 
communication, microelectronics, sensor 
networks, telemedicine, and big data analytics 
(Chen et al., 2016). 
Elastic fabrics allow sensors such as pulse, body 
temperature, ECG, myocardial, blood oxygen, 
and EEG sensors to be worn comfortably on the 
skin. Components are detachable for washing 
and can be reinstalled via snap buttons. Smart 
clothing designs can be personalized based on 
user preferences, age, sex, climate, and lifestyle 
(Chen et al., 2016). When combined with 
technologies such as AI, IoT, and smart glasses, 
smart textiles and wearables create enhanced 
human-to-human and human-to-machine 
interactions, potentially transforming society 
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and multiple industries through large-scale 
adoption (Fernández-Caramés & Fraga-Lamas, 
2018). 
 
Biosensor Patches and Skin-Attached 
Wearables: 
Biosensor patches provide a flexible, wireless, 
and wearable solution for continuous health 
monitoring. These devices integrate multiple 
sensors into a skin-conformal patch to track vital 
signs such as body temperature, movement, 
heart rate, and blood pressure. The flexible 
biosensor module is compact (<0.1 mm) and 
lightweight (<5 g), ensuring long-term comfort 
and wearability. Mechanical simulations 
indicate a safe stretch ratio during skin bending 
(21% and 12%) and stress levels below sensory 
perception thresholds (20 kPa), promoting 
stable attachment (Phan et al., 2022). These 
devices are often connected to an Internet of 
Medical Things (IoMT) platform, enabling 
cloud-based storage, mobile app integration, and 
remote monitoring for health management. 
Artificial intelligence (AI) has enhanced 
biosensor applications, particularly in 
standardizing and automating diagnostic 
procedures such as patch testing for allergic 
contact dermatitis (ACD), reducing observer 
variability and improving access to diagnostics 
(Tang et al., 2025). Generative AI combined with 
gamification has further enhanced biosensing 
applications, allowing devices to actively interact 
with users, provide real-time health insights, and 
deliver personalized recommendations (Khan et 
al., 2025). AI-driven methods are also used to 
design and customize biosensing wearables, 
facilitating real-time monitoring and 
personalized healthcare (Qureshi et al., 2023). 
 
EEG Headbands and Brain Monitoring 
Wearables: 
Wearable EEG devices, often in the form of 
headbands, use electrodes placed on hair-free 
facial regions to monitor brain activity and sleep 
stages. Devices such as Zeo have demonstrated 
moderate agreement with polysomnography 
(PSG), though they face challenges in detecting 
wakefulness and low sleep efficiency (Markov et 
al., 2024). EEG wearables have provided 
valuable insights into neurodegenerative 
diseases, such as identifying reduced slow-wave 

sleep in Alzheimer’s disease patients, and are 
emerging as early biomarkers for at-risk 
populations. 
Bio-integrated wearables combined with AI and 
IoT enable continuous physiological, 
electrophysiological, and chemical monitoring. 
Systems leveraging event-related potentials 
(ErrP) allow AI-powered devices to adapt and 
reinforce decision-making based on human 
brain signals without conscious input, 
enhancing human–machine interaction and 
decision-making efficiency (Shin et al., 2022). 
Wearable devices with AI are increasingly used 
to detect early mental health conditions, 
including anxiety and schizophrenia, by 
analyzing physiological patterns and providing 
continuous monitoring (Paraschiv et al., 2024). 
 
Smart Glasses and AR-Based Wearables: 
AI-powered smart glasses represent an advanced 
category of wearables, integrating sensors, AI 
algorithms, and AR/VR/MR capabilities to 
deliver immersive health monitoring 
experiences. Equipped with onboard sensors 
and body sensor networks, these glasses capture 
physiological and environmental data, processed 
in real time through AI and sensor fusion 
algorithms. Display technologies, such as liquid 
crystal displays (LCDs) and augmented reality 
near-eye displays (AR NED), provide immediate 
feedback and health recommendations 
(VORGUCA, 2022). 
Recent innovations include Baidu’s Xiaodu AI 
Glasses, integrating AI models for real-time 
interaction, physiological tracking, object 
recognition, and translation, demonstrating the 
growing application of AI in wearable eyewear 
(Wang et al., 2025). These devices highlight the 
potential for continuous, real-world health 
monitoring and personalized healthcare through 
portable, interactive platforms. 
 
Implantable Wearable Devices: 
Implantable devices, including pacemakers, 
ICDs, intracardiac pressure sensors, and 
BioMEMS, generate continuous physiological 
data for early diagnosis, risk prediction, and 
personalized treatment strategies. Studies such 
as MultiSENSE use multisensor algorithms to 
predict heart failure exacerbations, while AI-
enhanced implantables leverage electrogram and 
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cardiac function data to identify high-risk 
patients and guide therapeutic interventions 
(Gautam et al., 2022). 
Implantable BioMEMS enable continuous 
monitoring of biomarkers, targeted drug 
delivery, and precise therapy administration. 
Advances in biocompatible materials, wireless 
power transfer, and smart bioelectronics support 
durable, autonomous operation. Devices such as 
continuous glucose monitors (Abbott Freestyle 
Libre, Senseonic Eversense) and implantable 
EEG sensors provide real-time management of 
diabetes and neurological disorders. AI 
integration allows implantables to offer 
predictive analytics, adaptive therapy, and 
automated decision support, exemplifying the 
transition from passive monitoring to 
intelligent, autonomous healthcare systems 
(Abhinav et al., 2025). 
 
Core Technologies Behind AI-Based Wearable 
Devices: 
Biosensors and Sensor Technologies in 
Wearable Health Devices: 
Biosensors are essential components in wearable 
bioelectronics, combining a biological 
recognition element, such as an enzyme, 
antibody, aptamer, cell receptor, or organelle, 
with a transducer to detect specific analytes 
(Shajari et al., 2023). These devices generally 
consist of two main parts: a bioreceptor that 
selectively identifies the target analyte and a 
physicochemical transducer that converts the 
recognition event into a measurable electrical 
signal. For instance, aptamers—single-stranded 
oligonucleotides—offer high specificity similar to 
antibodies, while enzyme-based biosensors 
provide rapid and selective responses due to 
shorter diffusion pathways. By enabling non-
invasive and continuous monitoring of 
physiological parameters, including heart rate, 
respiration, blood pressure, and body 
temperature, biosensors play a pivotal role in 
healthcare monitoring and medical diagnostics 
(Hong et al., 2025). 
The integration of biosensors into wearable 
platforms, such as patches, smartwatches, smart 
glasses, VR headsets, and textile-based sensors, 
has significantly advanced digital healthcare 
(Qureshi et al., 2023). These devices can capture 
electrophysiological signals, including ECG 

(heart activity), EMG (muscle activity), and 
electrodermal activity (EDA), as well as 
electrochemical data from bodily fluids like 
sweat, saliva, and interstitial fluid. Wearable 
biosensors allow for passive, real-time data 
collection, empowering individuals to track 
health continuously while providing clinicians 
with actionable insights for early diagnosis and 
intervention. 
In addition to biosensors, a variety of wearable 
devices use multiple sensor technologies to 
monitor physical activity and related health 
metrics. Early devices relied on simple 
pedometers to measure steps, but modern 
wearables, including smartwatches and fitness 
trackers, employ accelerometers to assess 
movement in three dimensions, estimate energy 
expenditure, classify activity types, and monitor 
sleep patterns (Henriksen et al., 2018). 
Advanced wearables incorporate gyroscopes, 
magnetometers, barometers, altimeters, and 
GPS receivers. Gyroscopes and magnetometers 
form inertial measurement units (IMUs) to 
improve motion tracking accuracy, while 
barometers and altimeters provide elevation data 
for precise energy expenditure calculations. GPS 
further enhances activity tracking by providing 
speed, position, and movement patterns, 
particularly useful for athletes and highly active 
individuals. 
The convergence of biosensor technology with 
advanced physical activity sensors in wearable 
devices facilitates continuous, comprehensive 
health monitoring. These integrated systems 
allow for real-time feedback, personalized health 
management, and early detection of 
physiological abnormalities. Despite the 
substantial progress, challenges remain, 
including sensor reliability, miniaturization, 
energy efficiency, and maintaining accuracy 
under diverse environmental and user 
conditions. Continued advancements in 
wearable biosensors and sensor technologies 
promise to make health monitoring more 
accessible, precise, and user-friendly, supporting 
both personal and clinical applications (Huang 
et al., 2025; Henriksen et al., 2018). 
 
Data Preprocessing: 
Before AI/ML analysis, raw data from wearable 
sensors must be preprocessed to remove noise, 
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correct errors, and structure the data 
appropriately. Preprocessing steps include data 
cleaning (e.g., smoothing, outlier removal, 
handling missing values), data integration 
(combining multiple sources), transformation 
(normalization, windowing), dimensionality 
reduction, and data labeling (Ortiz et al., 2024). 
Signal preprocessing often involves filtering 
techniques such as FIR, IIR, Butterworth, 
Kalman, or moving median filters to remove 
ambient, low-frequency, or high-frequency 
noise. Physiological data are typically one-
dimensional, time-domain signals, including 
ECG, heart rate, respiration, and accelerometry. 
After preprocessing, signals can be analyzed 
using threshold-based or AI-based algorithms, 
with AI methods increasingly preferred for 
higher accuracy in health monitoring (Liu et al., 
2024). 
Artificial Intelligence (AI) and Machine 
Learning (ML): 
AI empowers wearable sensors to analyze 
complex biological signals, enabling real-time 
diagnosis and decision-making. Classical 
machine learning (ML) and deep learning (DL) 
are widely employed to interpret physiological 
data collected from wearable devices (Huang et 
al., 2022). 
Machine learning allows devices to learn from 
past data without explicit programming. 
Supervised ML requires labeled data to train 
models for classification or regression tasks, 
while unsupervised ML identifies hidden 
patterns in unlabeled datasets. Semi-supervised 
and reinforcement learning approaches are also 
used depending on the available data and 
application. These AI/ML approaches can 
model complex, non-linear relationships 
inherent in physiological data, facilitating 
accurate predictions for health monitoring 
(Gautam et al., 2022; Sabry et al., 2022). 
Deep learning algorithms, such as convolutional 
neural networks (CNNs), recurrent neural 
networks (RNNs), long short-term memory 
(LSTM) networks, and spike neural networks, 
are applied to raw sensor data for automatic 
feature extraction and classification. For 
instance, ECG and other biosignals can be 
analyzed end-to-end using DL models to detect 
abnormalities without manual feature 
engineering (Huang et al., 2022). 

Wearable devices equipped with AI/ML can 
continuously monitor patients’ health, alert 
clinicians during emergencies, and support 
chronic disease management, including 
diabetes, heart disease, and COPD. Remote 
monitoring studies have shown substantial 
reductions in mortality and hospitalizations, 
highlighting the clinical relevance of AI-enabled 
wearables (Srinivasaiah, B.). 
 
Connectivity and IoT Integration: 
Modern wearable devices are integrated with 
wireless technologies such as Bluetooth, 
Bluetooth Low Energy (BLE), Wi-Fi, NB-IoT, 
and LoRa to transmit sensor data to 
smartphones, cloud servers, or remote 
monitoring platforms (Alattar & Mohsen, 
2023). BLE is particularly effective for reducing 
power consumption during continuous data 
transmission. IoT-enabled wearables allow 
remote tracking of patient vital signs, health 
record storage, and real-time diagnostics, 
enhancing emergency response and chronic 
disease management. AI algorithms, including 
deep learning and data mining, further enable 
automated analysis and personalized health 
insights. 
 
Power Sources and Energy Harvesting: 
Efficient power management is crucial for the 
continuous operation of wearable 
bioelectronics. Traditional batteries are often 
bulky and have limited lifespans, whereas energy 
harvesting methods allow devices to convert 
ambient energy into electrical energy. Examples 
include: 
o Piezoelectric materials: Convert 
mechanical motion into electricity. 
o Thermoelectric materials: Generate 
power from temperature differences. 
o Photovoltaic cells: Harvest solar energy 
for outdoor use (Huang et al., 2025). 
Flexible batteries made of thin-film lithium-ion 
or solid-state electrolytes enable bendable, 
lightweight wearables. Wireless charging 
through inductive or resonant coupling further 
enhances convenience. Coupled with low-power 
electronics and energy-efficient algorithms, these 
innovations ensure wearable devices can operate 
sustainably while maintaining comfort and 
functionality. 
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Battery health monitoring, particularly for 
lithium-ion cells, is critical for ensuring device 
reliability. AI models can predict capacity loss 
and internal resistance increase over charge-
discharge cycles, supporting long-term wearable 
operation (Bhupathi & Chinta, 2024). 
 
Objectives: 
The primary objective of this review is to 
examine how artificial intelligence–based 
wearable health monitoring devices are 
transforming modern healthcare by enabling 
continuous physiological assessment and timely 
clinical decision-making. This work aims to 
highlight the technological foundations—such as 
biosensors, machine learning algorithms, and 
data-processing architectures—that make these 
devices capable of capturing accurate, real-time 
health information. By analyzing current 
innovations, the review seeks to clarify how AI 
enhances monitoring efficiency, diagnostic 
precision, and personalized treatment. 
Another objective is to evaluate major challenges 
and ethical considerations associated with AI-
powered wearables. These include data privacy 
and security risks, issues of algorithmic bias, 
sensor reliability, and the limited interpretability 
of complex machine-learning models. By 
outlining these limitations, the review aims to 
provide a balanced understanding of both the 
benefits and risks of adopting wearable AI 
systems in clinical and home-based 
environments. 
A further objective is to identify future research 
directions that will strengthen the integration of 
AI and wearable technologies into healthcare. 
This includes exploring advancements in edge 
computing, explainable AI, multi-modal data 
fusion, and energy-efficient algorithms that can 
operate within wearable constraints. The review 
also aims to support the development of ethical 
frameworks and regulatory guidelines to 
promote responsible, trustworthy, and equitable 
use of AI-driven wearables in medical practice. 
 
Future Research Directions in AI-Powered 
Wearables for Healthcare: 
The integration of artificial intelligence (AI) with 
wearable devices is poised to transform 
healthcare delivery, patient monitoring, and 
treatment strategies. Current literature identifies 

several key directions for future research in this 
domain. 
 
Advanced AI Algorithms and Explainable AI 
(XAI) 
The ongoing evolution of AI technologies, 
including neural networks, deep learning, 
machine learning, and natural language 
processing (NLP), will continue to enhance the 
capabilities of wearable devices. Future research 
should focus on developing new AI architectures 
that are optimized for wearable hardware 
constraints, such as limited computational 
power, energy consumption, and real-time 
processing requirements. 
A critical area of exploration is Explainable AI 
(XAI), which aims to provide transparent, 
interpretable, and trustworthy AI decisions. XAI 
will facilitate clinician and patient trust, allowing 
the adoption of AI-enabled wearables in routine 
medical practice while ensuring accountability 
in critical health decisions (LaBoone & 
Marques, 2024). 
 
Integration into Healthcare Workflows: 
Future research should focus on seamless 
integration of wearables into medical workflows, 
including: 
o Electronic Health Records (EHRs): 
Linking continuous monitoring data from 
wearables with patient records. 
o Clinical Decision Support Systems 
(CDSS): Using AI-driven insights to guide 
physicians in real-time. 
o Remote and real-time monitoring: 
Enabling timely interventions for chronic 
disease management. 
By embedding wearables into healthcare 
processes, both physicians and patients will be 
empowered with continuous, actionable health 
data, improving personalized care and treatment 
adherence (LaBoone & Marques, 2024). 
 
Disease-Specific AI Models and Curated 
Datasets: 
The development of AI algorithms tailored for 
specific clinical conditions is essential. Large, 
high-quality, and curated datasets are required to 
train, validate, and benchmark disease-specific 
models. Future research should prioritize: 
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o Creating standardized datasets for 
conditions such as cardiovascular diseases, 
diabetes, neurological disorders, and mental 
health. 
o Developing robust AI models capable of 
handling the heterogeneity of real-world 
wearable data, including missing values, noise, 
and variability across patients (Etli et al., 2024). 
 
Energy Efficiency, Edge Computing, and 
Device Practicality: 
Wearable devices face technical challenges 
related to power consumption, storage, and data 
transmission. Future research should explore: 
o Energy-efficient AI algorithms and 
lightweight deep learning models. 
o Edge computing solutions that enable 
on-device analysis to reduce latency and 
dependence on cloud servers. 
o Data compression techniques to 
optimize storage and transmission without 
sacrificing accuracy. 
These innovations will enhance the usability, 
reliability, and autonomy of wearable devices, 
making them practical for continuous 
monitoring in diverse healthcare settings (Etli et 
al., 2024). 
 
Multidisciplinary Collaboration and 
Regulatory Standards: 
The successful deployment of AI-powered 
wearables requires collaboration among 
clinicians, engineers, researchers, technology 
developers, and regulatory authorities. Future 
research should address: 
o Establishing guidelines and standards 
for device validation, safety, and ethical use. 
o Incorporating patient and clinician 
feedback into the design process to ensure 
usability, acceptance, and trust. 
o Addressing data privacy, security, and 
ethical considerations, particularly in remote 
health monitoring and AI-driven decision-
making. 
Such collaboration will ensure that wearables are 
safe, effective, and aligned with clinical needs 
(Etli et al., 2024). 
 
Personalized and Preventive Healthcare: 
AI-powered wearables hold the potential to 
revolutionize patient care through continuous 

monitoring, early detection of health 
abnormalities, and timely interventions. Future 
research should emphasize: 
o Early diagnosis through advanced 
medical imaging, laboratory integration, and 
wearable data analytics. 
o Personalized treatment plans based on 
real-time physiological monitoring. 
o Long-term management of chronic 
diseases, ensuring patient adherence to medical 
prescriptions and treatment protocols. 
By supporting preventive care and patient-
centered medicine, these devices can 
significantly improve outcomes while reducing 
healthcare costs and hospitalizations (LaBoone 
& Marques, 2024; Etli et al., 2024). 
 
Ethical Considerations:  
Ethical considerations form a critical foundation 
for the integration of machine learning (ML) 
into healthcare systems, as these technologies 
introduce complex challenges that must be 
addressed to ensure responsible 
implementation. One of the most significant 
ethical concerns involves algorithmic bias, which 
arises when ML models trained on incomplete 
or unrepresentative datasets inadvertently 
reinforce inequalities in medical decision-
making and clinical outcomes (Saad et al., 2024). 
Safeguarding patient confidentiality and data 
security is equally essential, given that ML 
systems rely on extensive health information 
whose misuse or unauthorized access could 
undermine trust and violate privacy. Another 
key issue is the need for transparency and 
interpretability in ML models, as clinicians and 
patients must be able to understand how 
algorithms derive predictions to maintain 
accountability and support informed decision-
making (Saad et al., 2024). Ethical questions also 
emerge regarding the level of automation and 
decision autonomy within clinical workflows, 
requiring careful attention to patient rights, 
autonomy, and professional responsibility. 
Addressing these challenges necessitates 
collaboration among healthcare practitioners, 
policymakers, ethicists, and AI developers to 
create comprehensive ethical and regulatory 
frameworks that guide the responsible 
deployment of ML in healthcare (Saad et al., 
2024). 
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Beyond ML-specific challenges, wearable health 
devices introduce additional ethical issues 
related to data privacy, informed consent, and 
user vulnerability. These devices continuously 
collect and transmit large volumes of sensitive 
data, creating significant risks of data breaches, 
unauthorized access, and misuse, which may 
severely impact both individuals and 
organizations (Segura Anaya et al., 2018). In 
many cases, users may not fully comprehend the 
extent of data collection or how their 
information is being used, especially in 
populations with limited digital literacy or 
disabilities. Although wearables are designed to 
promote independence and improve 
monitoring, they inherently require varying 
levels of privacy intrusion, making it essential to 
consider ethical implications from the 
perspective of different stakeholders, including 
patients, caregivers, developers, and regulators 
(Segura Anaya et al., 2018). 
As artificial intelligence becomes increasingly 
embedded in wearable technologies, broader 
ethical issues—such as fairness, accountability, 
transparency, and societal impact—gain even 
greater significance. Without deliberate ethical 
oversight, AI systems may perpetuate 
discrimination or amplify biases, as 
demonstrated in real-world situations involving 
racially skewed diagnostic algorithms, facial 
recognition inaccuracies, and privacy concerns 
associated with continuous monitoring 
(Radanliev, 2025). To mitigate such risks, 
diverse and representative datasets must be 
prioritized, and bias-reduction strategies 
integrated into model development. 
Furthermore, developers and manufacturers 
must ensure transparent reporting of 
algorithmic capabilities, limitations, and 
potential risks to foster user trust. Establishing 
strong governance frameworks centered on 
ethical AI principles, transparency, and 
accountability is essential as these technologies 
continue to influence clinical practice and 
personal health monitoring (Radanliev, 2025). 
 
Challenges and Limitations of AI and 
Wearable Healthcare Devices: 
Black Box Problem and Interpretability: 
Many AI/ML models, particularly complex 
ones, suffer from the “black box” issue, where 

their internal decision-making processes are 
difficult to interpret. This lack of transparency 
poses challenges in healthcare, as both clinicians 
and patients need to understand not only the 
outcomes but also the reasoning behind 
predictions. Research has increasingly focused 
on creating explainable models using techniques 
such as variable importance plots and other 
intelligible approximations to improve 
interpretability [Gautam et al., 2022]. 
 
Time-Series Forecasting Challenges: 
AI/ML models for time-series forecasting, such 
as ECG or heart rate predictions, face several 
limitations. Raw data must be carefully 
preprocessed to maintain model stability, and 
training neural networks for these tasks requires 
substantial computational resources. Few studies 
have directly compared AI/ML models with 
traditional statistical methods, with some 
evidence suggesting that statistical approaches 
may outperform certain AI/ML models in 
specific contexts. Additionally, quantifying 
uncertainty, similar to confidence intervals in 
statistics, is critical for clinical decision-making 
[Gautam et al., 2022]. 
 
Reliability and Data Quality: 
The accuracy of wearable health devices depends 
heavily on sensor performance. Factors such as 
motion artifacts, poor skin contact, 
environmental conditions, and electronic noise 
can result in false or incomplete data. Poor data 
quality can undermine AI/ML algorithms, 
reducing the reliability of diagnoses and 
predictions [Shabbir & Linh, 2024]. 
 
Privacy and Security Concerns: 
The sensitivity of health data makes privacy and 
security critical issues. Wearable devices often 
connect to cloud servers, exposing users to 
potential data breaches, unauthorized access, 
and misuse of personal health information. To 
address these risks, technologies such as 
encryption, federated learning, and blockchain 
can enhance security while maintaining the 
integrity of AI models in real-world settings 
[Shabbir & Linh, 2024]. 
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Regulatory Oversight: 
AI models lacking rigorous validation or 
regulatory approval may misdiagnose patients or 
produce unsafe recommendations. Establishing 
robust validation frameworks and 
comprehensive privacy safeguards is essential to 
ensure that wearable health devices are safe, 
reliable, and effective for clinical use [Shabbir & 
Linh, 2024]. 
 
Accessibility and Affordability: 
Many wearable health devices remain 
inaccessible to low-income or rural populations 
due to high costs, lack of internet connectivity, 
or limited device availability. Designing 
affordable, user-friendly wearables is essential to 
broaden access and ensure equitable health 
monitoring across diverse populations [Shabbir 
& Linh, 2024]. 
 
Integration into Clinical Practice: 
Although AI and wearable technologies are 
advancing rapidly, their integration into 
standard clinical practice requires validation 
through randomized controlled trials. Future 
research may focus on combining structured 
clinical data with unstructured medical images 
to develop robust AI algorithms that enhance 
understanding of disease phenotypes and 
improve patient outcomes [Gautam et al., 2022]. 
 
Discussion: 
The integration of AI and wearable devices in 
healthcare presents a transformative potential 
for patient monitoring, personalized medicine, 
and clinical decision-making. Wearables 
equipped with biosensors allow continuous and 
non-invasive monitoring of key physiological 
parameters such as glucose, lactate, cortisol, 
heart rate, ECG, and EEG, enabling early 
detection of health anomalies and timely 
interventions (Huang et al., 2025; Qureshi et al., 
2023). The adoption of these devices in 
healthcare workflows can enhance real-time 
patient monitoring, facilitate telehealth, and 
improve adherence to treatment protocols, thus 
promoting proactive patient care (LaBoone & 
Marques, 2024). 
Core technologies such as AI, machine learning, 
deep learning, and natural language processing 
(NLP) are crucial for interpreting complex 

datasets generated by wearable devices. 
However, the literature reveals significant 
limitations, including the “black box” nature of 
AI models, computational constraints, and the 
need for large, curated datasets specific to 
various clinical conditions (Etli et al., 2024; 
Baker & Xiang, 2023). Advanced AI models like 
LSTM networks, transformers, and 
autoencoders remain underutilized, despite 
their potential to improve analysis of time-series 
and image-based data from wearable devices. 
Similarly, edge AI and embedded AI approaches 
offer promising solutions for real-time on-device 
processing, but research in this area remains 
limited (Hoang, 2025). 
Data fusion from multiple sources represents 
another significant opportunity. Many studies 
rely on single data types, yet combining 
physiological, demographic, and environmental 
data could enhance diagnostic and prognostic 
accuracy (Baker & Xiang, 2023). Additionally, 
there is a pressing need to reduce dependency on 
clinical or laboratory parameters, which limits 
the applicability of wearable devices in telehealth 
and low-resource settings (Baker & Xiang, 2023). 
Explainable AI (XAI) has emerged as a critical 
requirement to enhance the interpretability of 
predictions, build clinician trust, and support 
ethical implementation (Radanliev, 2025; 
LaBoone & Marques, 2024). 
Despite the technological advancements, ethical, 
privacy, and security challenges remain central 
concerns. Wearable devices collect large volumes 
of sensitive data, raising issues related to 
confidentiality, informed consent, and data 
misuse (Segura Anaya et al., 2018; Radanliev, 
2025). Incorporating robust privacy-preserving 
frameworks, including federated learning, 
encryption, and regulatory oversight, is necessary 
to ensure safe and ethical deployment. 
Furthermore, accessibility remains a limitation, 
as high costs and reliance on smartphones or 
internet connectivity restrict adoption in rural 
and low-income populations (Shabbir & Linh, 
2024). Addressing these challenges is essential 
for equitable implementation and maximizing 
the societal impact of AI-driven wearables. 
Overall, the literature underscores a promising 
trajectory for AI-based wearable health 
technologies but highlights the need for 
continued research in advanced AI 
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methodologies, edge computing, multi-modal 
data integration, interpretability, and ethical 
frameworks. Future investigations should focus 
on optimizing device efficiency, improving 
reliability, expanding accessibility, and 
enhancing patient-centered outcomes. Through 
multidisciplinary collaboration among 
clinicians, technologists, ethicists, and 
policymakers, AI-powered wearable devices can 
move from experimental research tools to 
integral components of modern healthcare 
delivery, ultimately improving patient care, 
preventive health, and personalized 
interventions (LaBoone & Marques, 2024; Etli 
et al., 2024; Baker & Xiang, 2023). 
 
Conclusion: 
AI-enabled wearable technologies are reshaping 
modern healthcare by supporting continuous 
monitoring, early detection, and personalized 
treatment. With advancements in biosensors, 
machine learning, and real-time data analysis, 
these devices offer clinicians and patients more 
accurate and timely insights into health status. 
Their ability to integrate physiological signals, 
behavioral data, and environmental information 
makes them powerful tools for preventive and 
precision medicine. 
However, several limitations still affect their 
widespread adoption. Challenges such as data 
quality issues, sensor inaccuracies, limited 
interpretability of AI models, and high 
computational demands can reduce reliability. 
Ethical concerns—including data privacy, 
algorithmic bias, and informed consent—also 
require careful management to ensure safe and 
fair use. Addressing these issues remains 
essential for increasing user trust and clinical 
acceptance. 
Despite these challenges, AI-powered wearables 
hold strong potential to transform healthcare 
delivery. Continued progress in edge computing, 
explainable AI, secure data-sharing frameworks, 
and multi-modal data fusion will strengthen 
their effectiveness. With responsible 
development and proper regulation, these 
technologies can significantly improve patient 
outcomes, support early diagnosis, and make 
healthcare more accessible and proactive. 
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