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Abstract

The development of smart and digital wearable technologies has transformed conventional healthcare approaches by
facilitating real-time and continuous health tracking and evidence-based clinical decisions. This review summarizes the latest
innovations in smart wearable technologies in the medical and lifestyle fields and how they contribute to personalized
healthcare through continuous monitoring, behavioral insights, and clinical decisions. Web of Science, Scopus, Google
Scholar, and relevant gray literature sources were used to retrieve and critically analyze peer-reviewed publications. Findings
from epidemiological and design-based studies demonstrate improved disease monitoring, rehabilitation, preventive care, and
better management of patients in various population groups. Applications of lifestyle wearable devices are briefly discussed to
illustrate how behavior and lifestyle influence health; however, the review is mainly concerned with the clinical implications,
technological limitations, regulatory requirements, and degree of recent patenting activity of the technology. Although smart
wearables have limitations, such as privacy of data, power utilization, cost effectiveness, and scalability, they have the potential
to revolutionize personal healthcare. Overall, intelligent wearable devices have significant potential for improving sustainable
personalized healthcare when accompanied by regulatory and ethical management of data.
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Introduction

is widely accepted as a key component of personalized
healthcare transformation.® Smart wearable devices are elec-
tronic systems worn on the body that incorporate sensors,

With the help of medical professionals, healthcare assists in
enhancing the quality of life by identifying various diseases
and complications that come along with them, hence avoiding
morbidity.! This need resulted in the creation and acknowledg-
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ment of active, individualized healthcare that acknowledges
health issues in detail and provides effective interventions.’
During the last few years, medical technology has been trans-
formed by technological innovations, as it can assist in the
identification, diagnosis, and customized treatment of numer-
ous clinical conditions concerning the medical condition of
every patient.’ Such developments have been witnessed even in
regions without medical practitioners and facilities.*’

The application of smart wearables is one of these
potent developments in the evolving healthcare system and
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actuators,and wireless datatransfer capabilities.” Smartjewelry
(e.g., sensor-embedded rings, pendants, and bracelets capable
of monitoring heart rate (HR), temperature, and activity
levels) and epidermal electronic tattoos (ultra-thin skin-
adherent biosensors that measure sweat metabolites, temper-
ature, and electrophysiological signals) represent emerging
forms of unobtrusive wearable technologies.?’

In lifestyle settings, smart wearables are used to monitor
physical activity, stress levels, sleep quality, posture, and
environmental exposure, all of which are directly linked
to personalized healthcare, as they influence cardiometa-
bolic risk, mental health, and chronic disease progression.!®'?
Physiological parameters such as HR, blood pressure, body
temperature, glucose levels, and biochemical biomarkers enable
early disease detection, continuous non-invasive monitoring,
risk stratification, and personalized clinical decision-making
through real-time data acquisition.'*"

The medical industry involves wearable technologies to
track the symptoms of patients, thus making tremendous aid
in monitoring chronic diseases and treating illnesses.'® They
are commonly used to track physiological parameters asso-
ciated with diseases such as Parkinson’s and liver disorders,
among others.'” For example, in Parkinson’s disease, wearable
technologies facilitate continuous monitoring of symptoms
such as bradykinesia, tremor, and motor fluctuations, while
in liver disease, they enable assessment of physical activity
levels, fatigue patterns, and functional capacity, which serve
as important indicators of disease severity, functional decline,
and disease progression.'®" Therefore, the multidisciplinary
use of smart wearable technologies in the fields of medical
care, sports science, occupational health, environmental
safety, and consumer wellness facilitates the prediction and
management of the health outcomes of individuals.?*>2

Moreover, wearables have enhanced healthcare plat-
forms by attaching real-time health tracking features, feed-
back systems, telehealth settings, mobile health, and network
connectivity (5G).>** Long-term wearable technology use
may be affected by sociocultural factors such as gendered
attitudes toward wearable adoption.”> To attain improved
health outcomes and interact with wearable devices effec-
tively, it is necessary to have not only advanced hardware
but also smart software platforms. These systems provide
real-time feedback, adaptive analytics, and personal recom-
mendations, which promote user compliance and clinical
significance.”® Consequently, researchers are exposed to the
best wearable and technological support devices, which are
further supported by validation and clinical research studies.?”

Non-invasive, consumer-grade wearables offer numerous
advantages for health research; they are generally unobtru-
sive, less expensive than gold-standard research technol-
ogies, comfortable to use, and affordable for consumers.?
The increased interest among consumers and growing adop-
tion of digital health technologies during and after the
COVID-19 pandemic have contributed to this growth.”

Continuous remote monitoring was found to reduce
adverse health outcomes during the COVID-19 pandemic
by limiting unnecessary visits to the hospital, allowing early
detection of physiological deterioration, and providing
support in time to initiate clinical intervention in the
home-based environment.*® These medical functions inte-
grated with data analytics have led to augmented real-time
monitoring that minimizes adverse clinical events, disease
exacerbation, and delayed intervention, thereby enhancing
the biomedical and health sectors.’’ With continued tech-
nological advancements, wearable technologies are
expected to further evolve in the delivery of healthcare
services.’? To achieve this milestone, rescarchers have
utilized different epidemiological and design research
methods between different populations, age groups, and
disease conditions to determine the effectiveness of wear-
able technology.’** This allows researchers to examine
various patterns of diseases, their impact, course, and risk
factors.®® Consequently, this assists in planning various
health programs, promoting quality of life and supporting
health management.

Data privacy laws, including the Health Insurance
Portability and Accountability Act in the United States and
the General Data Protection Regulation in the European
Union, play a significant role in the protection of patient
data. Moreover, products must obtain regulatory approval
from the United States Food and Drug Administration
before they are introduced into the market.’’** These prob-
lems can be solved through the allocation of sufficient
funds, reaching the health security teams, providing cyber-
security frameworks, and compliance with the legislation,
thus allowing future users to utilize the products safely and
effectively. 0+

Wearable health technologies are increasingly being inte-
grated into hospitals, clinics, and community health systems
to enhance remote monitoring and patient-centered care
delivery.® Smart wearable technologies enhance user experi-
ence, connectivity, and data-driven insights, thereby supporting
more efficient and personalized healthcare delivery.*

From the pharmaceutical science point of view, there is
substantial potential for wearables to be used in drug devel-
opment and clinical trials. For instance, real-time monitoring
of physiological parameters can be used to objectively assess
drug efficacy and safety. These devices can be used to facili-
tate clinical trials through remote data collection and reduce
variability in endpoint measurements. Furthermore, wearable
devices can be used to facilitate personalized medicine through
dosage strategies. Additionally, wearable devices integrated
with digital health platforms allows continuous data collection
and early detection of adverse events and reactions.*®

Figure 1 demonstrates wearable devices and their
upcoming trend in various areas, which depict the interrela-
tions between wearable technology, the user, the healthcare
system, and the behavioral feedback system.



500

Journal of Applied Pharmaceutical Science 16(8)

Electrocardiography,
Photoplethysmography

Wearable
Devices and
Personalized
Healthcare

Medical
Fields

Figure |. Conceptual Map of Wearable Devices Across Medical and Lifestyle Domains.

Rationale for Review

This review focuses on smart wearable devices by integrating
clinical applications, lifestyle domains, regulatory considerations,
and patent trends into a unified framework. Unlike previous
reviews that addressed isolated aspects such as clinical use or
technological development, this study combines medical
applications, technical challenges, and innovation trends to
identify research gaps and guide future development of per-
sonalized healthcare solutions.

Methodology

The review was conducted using a narrative structured
approach, wherein the selected studies were critically ana-
lyzed, and the results were presented based on recent
evidence-based publications. The primary steps in the selec-
tion process were designing search methodologies, identify-
ing and choosing peer-reviewed articles, adhering to the
inclusion and exclusion criteria, and conducting data extrac-
tion. The results section is divided into four thematic domains:

(a) Use of wearable devices in the medical field, (b) use
of wearable devices in lifestyle fields, (c) patents on wearable
devices, and (d) articles addressing the challenges.

Literature Search Strategy

As the review highlights the combination of medical and
engineering developments in wearable devices, multiple
electronic databases, such as Scopus and Web of Science,

were used in the process. Additionally, Google Scholar and
other pertinent gray literature (patent databases) sources
were also examined as additional sources to ensure the thor-
ough inclusion of works in every field. Similarly, the main
keywords used to build the strategy were “wearable device,”
“emerging trend,” “personalized health care,” and “lifestyle
(non-medical field).” Within each concept, synonyms were
combined using the operator OR, whereas the concepts
themselves were combined using AND. The non-medical
field was considered one of the primary search strings and
was restricted to lifestyle domains. Notably, to find the most
pertinent articles, the researchers used these keywords
by rearranging or eliminating parts of them during each
search procedure. Patents were collected from online patent
sources.

Article Selection Procedure

Articles included in the four thematic domains were identi-
fied using a predefined selection strategy. Figure 2 presents
the overall article selection workflow used in this review.
Table 1 summarizes the selection process and numerical out-
comes for the medical and challenge domains of the study.
The same selection approach was applied to the lifestyle
domain. For patent analysis, only the publication year was
used as a filter for the data.

Table 1 summarizes the stepwise article selection process
for the medical and challenge domains of this narrative
review. Articles retrieved from Scopus and Web of Science
were screened based on publication year (2015-2025)
and relevance to wearable technologies in personalized
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Figure 2. Selection Criteria of Articles for Thematic Domains.

Table I. Stepwise Article Selection Process for the Medical and Challenge Domains.

Area Process Scopus Web of Science
Identification Total number of articles initially obtained 1,273 889
Records screening After screening for the years 2015-2025 1,101 849
Eligibility After applying the inclusion and exclusion criteria 961 696

Total final inclusion of articles that were manually screened

17 (12 from medical and five from challenges)

healthcare. Eligible studies were manually reviewed to
ensure that they addressed clinical applications, implementa-
tion challenges, limitations, or future directions.

A total of 30 articles were included in the study. Of these,
17 articles (12 medical-focused and five challenge-focused)
were selected for a detailed qualitative synthesis, while the
remaining studies addressed lifestyle applications and patent-
based analyses that were evaluated separately to support
the trend analysis and conceptual synthesis. Figures 3 and 4
present the publication trends for both medical and lifestyle
wearable research identified in the Web of Science data-
base from 2015 to 2025. It is important to note that publi-
cations related to lifestyle domain applications of smart
wearable devices were comparatively fewer than those in
the medical domain. This disparity may be attributed to the
relatively recent integration of lifestyle wearables into struc-
tured research frameworks, variability in outcome measures,
and limited clinical validation compared to well-established
medical applications.

Inclusion and Exclusion Criteria

The inclusion criterion was that the study focused on arti-
cles published in English between 2015 and 2025.
Additionally, articles that were accurate in the context of
the study objective were included. The exclusion criteria
were non-English publications, editorials, commentaries,
conference abstracts, and policy briefs, as they lacked
proper methodology.

Data Extraction and Bias of the Study

Data extraction focuses on study design, population charac-
teristics, wearable type, outcomes, limitations, and future
directions. Exclusion of non-English publications may
introduce language bias by omitting relevant regional
studies, potentially limiting the global generalizability of
findings.
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250 Innovations in the medical sphere have shown that smart
wearable devices have already been implemented in a range of

200 clinical settings varying in terms of renal care, stroke rehabil-
itation, sleep tracking, heart and mental health/mental health

£ 150 evaluation.*>° For example, wearable bioimpedance and fluid
8 monitoring devices have been used in chronic kidney disease
? 100 patients to track hydration status and dialysis effectiveness,
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Figure 3. Publication Trends for Wearable Device Research in
Medical Fields (Web of Science, 2015-2025).
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Figure 4. Publication Trends for Wearable Device Research in
Lifestyle Fields (Web of Science, 2015-2025).

Results

Following the methodological framework, 30 articles were
included in the qualitative synthesis. These included 12 studies
from the medical domain, three studies on lifestyle applications,
five studies addressing implementation challenges, and 10
patent-based analyses. The articles are organized themati-
cally and presented across four subsections, with detailed
summaries in Tables 2—6.

Smart Wearable Innovations in Medical Fields

Tables 2 and 3 deal with innovations in the medical fields.
The evidence presented in these tables determines how
wearable technologies are changing medical procedures,
as they have been used to diagnose, rchabilitate, monitor
remotely, and manage patients better. Epidemiological
studies were characterized as studies in which wearable tech-
nologies were researched in real or population-based health-
care scenarios, and experimental design studies were studies
on the development of prototypes, sensor validation, and con-
trolled testing conditions.

supporting personalized renal care management. Experimental
studies further demonstrate that integrating physiological,
behavioral, and cognitive data enables individualized health
profiling and adaptive intervention strategies.’'>¢ Taken
together, these studies indicate a paradigm shift from single
physiological sensing to multifaceted, data-driven solutions
that enable whole-person and individualized care. However,
common limitations include small sample sizes, low general-
izability, dependence on connectivity infrastructure, and meth-
odological heterogeneity, and demand standard frameworks,
patient-oriented design, and longitudinal validation.

Emerging Trends in Smart Wearable
Technologies in Lifestyle Fields

Although the clinical use of wearables is not new, their
expanding use in lifestyle areas provides a wider perspective
on individual health management. As outlined in Table 4,
these technologies are increasingly being adopted for stress
management, posture correction, educational enhancement,
gaming experience optimization, and environmental safety
monitoring, all of which contribute indirectly to physiologi-
cal and psychological well-being. Although these applica-
tions are primarily deployed outside clinical settings, their
ability to reinforce healthy behaviors indirectly contributes to
long-term clinical outcomes by reducing the risk factors asso-
ciated with chronic diseases.

Beyond clinical environments, smart wearables are
applied in sports performance, workplace ergonomics,
and environmental monitoring, indirectly contributing to
preventive and personalized healthcare (Table 4). Such
applications suggest how wearables can indirectly benefit
personalized healthcare by encouraging stress reduction,
supporting healthier dietary behaviours with less calorie
intake and improved activity and environmental risk aware-
ness.””* Although these studies have potential, they tend to
be constrained by subjective measurements, small cohorts,
and short-term assessments, and new studies are necessary
to validate them and combine them with health-oriented
outcome measurements. These applications primarily high-
light the role of wearable technologies in promoting behav-
ioral awareness, posture correction, and environmental
risk monitoring. However, evidence for direct stress reduc-
tion remains limited and is primarily supported by isolated
studies, indicating the need for broader validation across
diverse populations. Further studies are necessary with refer-
ence to such shortcomings and developmental perspectives,
as they are instrumental in building personal healthcare.
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Table 4. Emerging Trends in Wearable Technologies Across Lifestyle Fields.

Author and
Year Study Method Key Findings Limitations Future Directions
Sports
Wang etal.,, Stress Survey-based study Reduced stress levels, Reliance on self-  Validation across-
2025 assessment (n = 100); (54 males and improved cardiorespiratory reported stress  cultural research to
in professional 46 females) use of fitness, and faster scores; limited determine the efficacy
tennis players.  wearables combined with stress recovery. sample size. of wearable devices in
Perceived Stress Scale-10, various countries and
a validated questionnaire sporting disciplines.
measuring perceived
psychological stress, along
with HR monitoring.
Workspace
Torres etal,, To evaluate Quasi-experimental The findings show an Short study Larger, long-term
20218 the impact intervention study (n = 30),  increase in physical activity, duration and studies across diverse
of wearable 63% female and 37% male. a higher consumption of focus on a single  workplace settings and
devices on Participants were given a nutritious foods, and a occupational evaluation of diverse
employee wearable device Fitbit to lower overall calorie setting, which health strategies to
wellness track their activity levels and  intake. Additionally, may limit enhance employee
among hotel sleep patterns for 14 days, beneficial changes in generalizability. health outcomes.
workers. along with food diaries in a employee engagement,

separate electronic form.

job satisfaction, and
organizational
commitment were seen.

Environmental Safety

Gonzilez Monitoring of  Laboratory-based
etal, 2024 environmental  evaluation in an
air quality in occupational setting
occupational using a smartwatch
settings. embedded with

micro-electro-mechanical
systems gas sensors.

Detected harmful gases

at low concentrations,
including carbon monoxide,
nitrogen dioxide, and
volatile organic compounds,
enabling early alerts for
workers.

Validation
limited to
controlled
laboratory
conditions.

Future studies should
focus on real-world
deployment, long-
term validation, and
integration with clinical
outcome measures.

Note: LED: Light Emitting Diode.

Challenges and Technical Barriers

Table 5 summarizes the targeted innovations focusing on
power management, cost efficiency, privacy, intervention
scalability, and accessibility. For example, Sunder et al.,
2025% conducted an experimental study on battery life and
showed that the battery life increased by 36% while user
comfort increased by 25%. Similarly, Chen et al., 2022°' stud-
ied the cost of using wearable wrist devices among older peo-
ple and reported that healthcare costs decreased by 10%.
Despite their significant potential, wearable health devices
face multiple technical, economic, and regulatory challenges,
including high costs, limited battery life, power management
constraints, data privacy concerns, and compliance with reg-
ulatory standards.®

In addition to device-level innovations, several studies
have focused on strengthening the digital infrastructure
supporting wearable-based healthcare. Blockchain-enabled
mobile health platforms have been proposed to address
privacy and cybersecurity challenges,” and 5G-enabled
wireless sensor networks have been explored to improve
signal reliability and real-time data transmission.** In

addition, developments in sensor assessment have dealt
with problems of scalability, promptness, and availability
in permanent health surveillance programs.® Together,
these efforts enable the privacy and scalable implementa-
tion of wearable technologies for personalized healthcare.
Altogether, these studies draw attention to the fact that
wearables have established a strong foundation to address
the existing constraints, which is necessary for large-scale
clinical adoption.

Patents and Innovation Trends in Smart
Wearable Technologies

Patent analysis reveals distinct innovation clusters in weara-
ble technologies. These categories are microneedle-based
biosensing, remote patient monitoring, decentralized clinical
trial data collection, and smart watch-based monitoring. All
these patented innovations are indicative of a growing trans-
lational willingness of academic research to be commercial-
ized in healthcare.
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Table 5. Studies Addressing Key Challenges in Wearable Technology Development.

Author and

Year Objectives

Methodology

Key findings

Limitations

Power Management and Battery Life

Sunder et al.,
2025¢%

To extend battery life
using simulated smart
wearable devices
(smartwatches, fitness
trackers, smart glasses,
wearables, and smart
clothing) for continuous
monitoring.

Experimental evaluation
of a smart APM system
using activity data to
optimize battery and
power consumption.

Simulation on a wearable
device improved user
comfort by 25% and
extended battery life

by 36%, enabling longer
uninterrupted wearable
usage.

Privacy concerns,
scalability challenges,
limited long-term
evaluation, and
computational
overhead.

Cost Effectiveness

To assess the cost-
effectiveness of
wearable-based
atrial fibrillation
(AF) screening.

Chen et al,,
2022¢

Decision-analytic microsimulation
model evaluating eight AF
screening strategies

(six wearable-based and two
traditional strategies) in a
simulated U.S. population of

30 million individuals aged

265 years.

All six wrist-worn wearable
screening strategies

were found to be more
effective than no screening,
leading to improved atrial
fibrillation detection and

a reduction in stroke
incidence.

Limited clinical
validation and
reliance on
simulation-based
design.

Privacy and Security

Thakur et al.,
2025%

To enhance data privacy
and security in mobile
health systems.

Implementation of
blockchain-based mobile health
architecture using CP-ABE.

Demonstrated 26%

cost reduction and 67%
improvement in data
security, supporting secure
wearable data transmission.

Challenges in large-
scale deployment
and computational
complexity.

Intervention

Venkatesan
et al., 2025%

To develop the wearable
technology to provide
targeted intervention
focused on remote

Development of a wireless sensor
network using MIMO-enabled 5G
loT architecture for data

transmission speed, lower latency,

Reduced transmission
errors and improved signal
clarity for real-time health
monitoring.

Cybersecurity risks,
increased power
consumption, and
limited 5G network

cardiovascular and and stable connectivity. availability.
metabolic monitoring in
underserved areas.

Scalability, Timeliness, Accessibility

Lu et al., 2024% To evaluate wearable Use of ECG sensors integrated Demonstrated robust Limited

ECG-based monitoring
for cardiorespiratory
complications.

with CNN-based analysis, designed
for continuous wear exceeding
24 hours.

performance with 95%
sensitivity and 92%
specificity.

generalizability across
diverse patient
populations.

Note: APM: Activity posture monitoring, mHealth: Mobile health, CP-ABE: Ciphertext-Policy Attribute-Based Encryption, MIMO: Multiple input multiple
output, ECG: Electrocardiogram, CNN: Convolutional neural network, loT: Internet of Things.

Regulatory maturity refers to the development of clearer
approval pathways based on standardized validation and clin-
ical performance requirements. Nevertheless, despite these
improvements, gaps still exist between prototype develop-
ment and large-scale commercialization, necessitating the
alignment of research and development, regulatory frame-
works, and commercialization strategies. A critical factor
influencing translation is interoperability, that is, seam-
less data exchange across systems of wearable devices to
exchange, integrate, and interpret data across platforms,
healthcare systems, and digital infrastructures. Lack of inter-
operability can hinder seamless data integration and limit the
clinical applicability and commercial scalability of wearable
technologies.

Table 6 shows selected cases of granted patents and their
number of citations in various categories of inventions. They
include wearables designed for emergency detection and
wound management, remote patient management systems,
microneedle array-based continuous monitoring of biochem-
ical analytes from interstitial fluid, systems and devices for
stress recognition, and frameworks that aid decentralized
clinical trial data gathering.

The patents summarized in Table 6 highlight innovations
in wearable technologies, including systems for emergency
detection, wound care, remote patient monitoring, contin-
uous analyte sensing using microneedle arrays, stress detec-
tion, and decentralized clinical trial data collection.®®”® The
growing number of granted patents and increasing citation
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Table 6. The List of Granted Patents, Innovation, and Key Findings for Wearable Technologies.

Patent ID and Citations Year Classification Code  Patent Title Innovation Achieved
US12380986B2-(457) 2025 G16H20/40 Virtual guidance for Developed a mixed-reality system
orthopedic surgical integrating a virtual 3D anatomical model
procedures with medical imaging data to support
diagnosis and monitoring of diseased
joints, enhancing clinical interpretation.®
JP7663772B1-(324) 2025 Physical Activity and Enables continuous tracking of physical
Training Monitor activity attributes (e.g., motion patterns,
activity intensity) using integrated
A61B5/103 wearable sensors.*’
US12295708B2-(271) 2025 A61B5/02055 Remote patient Enables remote monitoring of
management and monitoring physiological indicators, including HR,
systems and methods activity levels, and additional bio-
signals such as respiratory rate, motion
data, and other sensor-derived health
parameters integrated with patient-
linked computing systems.®
US12285271B2-(47) 2025 A61B5/1486 Continuous analyte Developed a microneedle-based
monitoring system with wearable device to measure glucose
microneedle array levels for diabetes management via
continuous interstitial analyte sensing.*’
US12318214B2-(63) 2025 A61B5/4812 Stress reduction and Integrated body-worn sensors with
sleep promotion system remote devices and server-based
analytics to detect stress-related
biomarkers and support sleep
improvement interventions.”
US12102447B2-(69) 2025 A61B5/6832 Positioning of sensors for Developed a position-sensing system to
sensor-enabled wound optimize sensor placement within wound
monitoring or therapy dressings, enabling accurate monitoring
to support treatment decision-making.”'
USI2171555B2-(16) 2024 A61B5/14514 Wearable, non-intrusive Wearable microneedle-based biosensor
microneedle sensor capable of detecting physiological
biomarkers from interstitial fluid,
including glucose, electrolytes, and other
biochemical indicators relevant for
continuous health monitoring.”
USI1664099B1-(12) 2023 GI16H10/20 Decentralized data Enabled secure and decentralized
collection for clinical trials acquisition of wearable-derived health
data for clinical trials through computing
devices and programmable data
pipelines, supporting remote and large-
scale studies.”®
JP7175948B2-(63) 2022 A61B5/02055 Systems and methods for Developed portable wearable sensors
quantifying and predicting integrated with electronic devices to
smoking behavior quantify and predict biometric (e.g., HR)
and behavioral indicators (e.g., smoking
behavior) using analytical models.”
US10729336B1-(974) 2020 A61B5/02055 Smart watch Developed a smartwatch capable

of measuring multiple physiological
parameters, including HR, and motion-
related signals, using embedded sensors
and processors.”

counts reflect sustained technological innovation in smart
wearable systems, particularly in areas such as continuous
biosensing, remote patient monitoring, and scalable digital

health infrastructure.

Despite this innovation momentum, translation from
patented prototypes to clinically approved and commercially

scalable wearable solutions remains challenging due to
stringent validation requirements, interoperability stand-
ards, data security regulations, and compliance with region-

specific healthcare policies, which must be addressed to

accelerate their clinical translation and adoption. To address
these challenges, future research should focus on designing
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wearable technologies aligned with regulatory standards,
while ensuring interoperability, defined as the ability of
devices and systems to exchange, integrate, and interpret
data across different wearable platforms, healthcare systems,
and data sharing infrastructures. This, along with real-world
clinical validation, will strengthen the connection between
academic research and industrial innovation. Before 2020,
patent activity in smart wearable technologies was rela-
tively limited and fragmented, with few studies integrating
patent analytics into academic reviews. This reflects the early
developmental stage of wearable innovation before the rapid
expansion observed in recent years.

Comparison with Earlier Research

It is essential to compare previously published reviews with
the current investigation to analytically illustrate the unique-
ness and contributions of this study. The information in
Table 7 provides a systematic mapping of previously pub-
lished reviews to the scope of application, methodology, and
key limitations of prior studies.

It should be noted that most prior reviews primarily
focused on clinical and biomedical applications of wear-
able technologies, with limited or no emphasis on lifestyle
domains such as sports, workplace ergonomics, or environ-
mental monitoring. This highlights a gap in the literature,
which the present review aims to address by integrating
both medical and lifestyle-oriented applications within
a unified framework. Previous reviews primarily focused
on disease-specific applications such as cardiovascular

monitoring, diabetes management, neurodegenerative disor-
ders, and rehabilitation, without integrating lifestyle domains
or patent landscapes.”” In contrast, the current review incor-
porates both medical and lifestyle domain wearables in a
single analytical framework that connects scholarly research
with patent activity, while recognizing technological, regu-
latory, and scalability obstacles that pertain to personal-
ized healthcare. In general, the given review will increase
the existing knowledge base by relating multi-disciplinary
wearable technologies in both medical and lifestyle fields and
correlating the clinical evidence with the trends in patenting
and the identification of the key issues and future orientations
to have a sustainable shift of smart wearable technology into
personal care.

Conceptual Synthesis: Pathways Linking Wearable
Technologies to Health Outcomes

Besides descriptive aggregation, the results of this review can
be discussed in the context of the conceptual framework link-
ing wearable technologies to individualized healthcare.*>"
This interpretation is supported by evidence synthesized
based on the observational, experimental, and interventional
studies chosen in this review.* * In the behavioral pathway,
healthcare and lifestyle wearables enable people to constantly
track physical activity levels, sleeping cycles, stress levels,
and environmental factors.**3575% These behavioral changes
were linked to physiological adaptations such as cardiorespi-
ratory fitness, faster stress recovery, improved sleep effi-
ciency, higher consumption of nutritious foods, and the

Table 7. Displays a Comparison Between the Present Research and Earlier Research.

Author and

Year Study Type Scope and Methodology Key Limitations of Prior Work

Guk et al,, Narrative review Focused on wearable biosensors designed for  Lacked a structured review methodology;

20197 real-time physiological monitoring, disease did not address patents, regulatory
detection, and point-of-care diagnostics using  considerations, lifestyle (non-medical)
body-attached, implantable, and portable domains, or translational challenges
sensing systems.

Zhang et al,, Narrative review Focused on hardware-centric physiological Did not explore lifestyle (non-medical)

20247 monitoring, primarily sensor integration for domains, patent landscapes, implementation
measuring bio-signals such as ECG, EEG, and limitations, or future research directions
EMG.

Niknejad et al., Systematic review Systematic review of 244 studies focusing on  Limited discussion of long-term

20207® smart wearables applied in cardiovascular implementation challenges and future

Lu et al., 20207

Narrative systematic
review

diseases, diabetes, Parkinson’s disease,

sleep disorders, rehabilitation monitoring,
and mental health conditions, along with
associated technical and implementation
challenges.

Narrative systematic review of 82 studies
evaluating wearable health devices for
cardiovascular monitoring, arrhythmia
detection, diabetes management, stroke
rehabilitation, and chronic disease follow-up.

directions; excluded patent analysis and
lifestyle domain applications

Did not integrate patent trends, regulatory
issues, interoperability concerns, or lifestyle
domains
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provision of early alerts through in-vitro sensing.*57-585
At the clinical pathway level, several reviewed studies incor-
porated wearable devices integrated with mobile health
(mHealth) platforms and questionnaire-based assessments.*5
In this context, mHealth refers to smartphone-based applica-
tions and cloud-connected dashboards that collect, visualize,
and transmit wearable-derived data to clinicians.*® This
integration enables remote monitoring, real-time feedback,
clinical decision support, and individualized intervention
planning. 64864 These systems assist in early diagnosis, moni-
toring disease progression, and tailoring treatment strategies
based on continuously collected patient-specific data.*-°
Furthermore, patent-based innovations further strengthen the
development and use of wearable devices by enabling contin-
uous physiological monitoring, data-driven clinical decision
support, and enhanced health and well- being, thereby sup-
porting personalized healthcare.*-° Altogether, the synthesis
shows that wearable technologies can serve as an interface
between lifestyle tracking and clinical interventions that pro-
vide a scalable route to the improvement of personalization
and preventive measures of present-day healthcare systems.*

Conclusion

This review summarizes emerging trends in wearable tech-
nologies across medical and lifestyle domains and their role
in advancing personalized healthcare. Evidence from epide-
miological and experimental studies highlights improvements
in disease monitoring, preventive care, and patient manage-
ment, alongside ongoing challenges related to cost, scalabil-
ity, battery life, and regulatory compliance. Wearable
technologies are rapidly progressing toward clinical imple-
mentation, supported by increasing patent activity and
technological innovation. Future research should focus
on integrating wearable systems with telehealth platforms
to enable remote monitoring, real-time data sharing, and
improved accessibility of care. Strengthening interoperabil-
ity, scalable infrastructure, and regulatory-aligned system
design will be essential for widespread adoption. In pharma-
ceutical contexts, these technologies also support decentral-
ized clinical trials, real-world evidence generation, and
improved pharmacovigilance. Collectively, these findings
highlight the transition of wearable technologies from sup-
portive monitoring tools to integral components of data-
driven, preventive, and personalized healthcare systems,
emphasizing the need for long-term validation and energy-
efficient, clinically reliable solutions.
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