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ABSTRACT

Objective: This narrative review aims to evaluate the role of telemedicine and wearable devices in healthcare delivery and
physical activity promotion, highlighting applications across multiple medical specialties and their impact on patient
monitoring, rehabilitation, and chronic disease management.

Methods: Relevant publications from 2018 to 2025 were retrieved from PubMed, Scopus, and Google Scholar. Included
studies addressed the development, clinical utility, and behavioural impact of telemedicine platforms and wearable sensors
within healthcare and exercise-related contexts.

Key findings: Telemedicine and wearable devices are increasingly incorporated across diverse medical domains. In
cardiovascular and sports medicine, they support exercise monitoring, early detection of physiological changes, and post-
injury rehabilitation. In oncology and chronic disease management, these technologies enable remote symptom monitoring,
adherence to therapy, and personalized care plans. Wearable devices provide continuous physiological data, enhancing
individualized recommendations, safety, and motivation. Telemedicine contributes to promoting physical activity through
real-time feedback and remote supervision. Limitations include device accuracy, data interpretation challenges, digital
literacy barriers, and regulatory and privacy concerns. Future perspectives suggest hybrid care models and artificial
intelligence integration to optimize monitoring and patient outcomes.

Conclusion: Telemedicine and wearable technologies offer scalable, effective solutions for improving healthcare delivery
and promoting physical activity. Their integration into clinical workflows, supported by hybrid models and equitable access
strategies, has the potential to enhance monitoring, engagement, and overall health outcomes.
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Introduction

Over the past two decades, digital transformation has profoundly reshaped modern healthcare, introducing
innovative methods of diagnosis, monitoring, and treatment delivery that transcend traditional boundaries of time
and geography.[1] Telemedicine and wearable devices have become central components of this transformation,
offering innovative solutions for both clinical care and the promotion of physical activity. These tools allow health
professionals to access real-time physiological data, support long-term disease management, and provide guidance
across distances that previously required in-person consultations. [4]

The COVID-19 pandemic served as a major catalyst accelerating the global adoption of telehealth
solutions. Lockdowns, hospital overload and the necessity for social distancing, prompted an unprecedented
shift toward remote consultations and digital monitoring.[8]. At the same time, the public’s perception of
digital health shifted - from skepticism to widespread acceptance - as both patients and providers recognized
its potential for safety, efficiency, and convenience.[1] In many healthcare systems, telehealth transitioned
from an auxiliary service to a mainstream mode of care, supported by policy adaptations and reimbursement
models.[5] Among the most significant outcomes of this transformation are telemedicine and wearable health
technologies, which together form a cornerstone of the emerging paradigm of connected and data-driven
medicine.[1]

Initially developed to improve healthcare accessibility for remote populations, telemedicine now
encompasses a wide range of services including virtual consultations, remote patient monitoring, teleradiology,
telepathology, and telepsychiatry.[16] Similarly, wearable medical devices—such as smartwatches, fitness
trackers, biosensors, and implantable devices—enable continuous assessment of vital parameters like heart
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rate, oxygen saturation, physical activity, and even biochemical markers.[6] Such real-time datasets can
provide early warnings for acute exacerbations, optimize chronic disease management, and facilitate
preventive healthcare.[15] For instance, heart rate variability and sleep quality monitoring can inform stress
and cardiovascular risk assessments, while glucose and activity tracking systems aid in glycemic control for
diabetic patients.[6]. The resulting data loop not only empowers patients to engage in self-management but
also supports clinicians in making data-informed decisions tailored to individual needs. The integration of
these technologies with electronic health records and decision-support systems has created a dynamic
ecosystem where patients and clinicians can interact in real time to manage health conditions more
effectively.[14]

Despite these benefits, the rapid digitalization of healthcare also introduces new challenges related to
data privacy, interoperability, and regulatory compliance.[16]. The exponential increase in data volume
generated by wearable sensors and telemonitoring platforms demands robust frameworks for cybersecurity
and ethical data handling.[6] Additionally, disparities in digital literacy and technological infrastructure may
perpetuate inequalities unless addressed through targeted public health strategies.[5] Thus, while telemedicine
and wearable devices hold transformative potential, their implementation must be guided by principles of
safety, inclusivity, and sustainability. Telemedicine and wearable technologies is redefining healthcare
delivery by bridging physical, informational, and temporal gaps between patients and providers. This synergy
represents not merely a technological innovation but a systemic transformation toward continuous, patient-
centered, and data-driven medicine.[1],[14],[15],[21] As the field matures, it is imperative to evaluate current
applications, quantify their benefits, and critically examine existing limitations.[6][14],[17] Therefore, the
objective of this narrative review is to synthesize the available literature on telemedicine and wearable health
devices, highlighting their current clinical applications, demonstrated advantages, existing challenges, and
future directions for integration into mainstream healthcare practice.

Methodology

This narrative review was based on a literature search performed in PubMed, Scopus, and Google
Scholar databases for the years 2018-2025. The keywords used included ,,telemedicine,” ,,wearable devices”,
,healthcare delivery”, ,,physical activity promotion”, ,,remote patient monitoring” and ,,digital health”. Only
peer-reviewed English-language articles were included. Studies discussing the use, development, or evaluation
of telemedicine and wearable technologies in healthcare were selected. Editorials, conference papers, and non-
medical applications were excluded.

Current applications of telemedicine and wearables across medical fields

Telemedicine and wearable health technologies have become integral components of clinical care across
a broad range of medical specialties. This section summarizes the most relevant clinical applications, focusing
on cardiovascular medicine, sports medicine, diabetes and metabolic disorders, athlete monitoring, oncology
and hematology, postoperative and rehabilitative care, and emerging uses in other fields such as urology and
ophthalmology.

Cardiovascular disorders and exercise monitoring

Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide, prompting an
urgent need for effective monitoring and prevention strategies. Telemedicine is rapidly reshaping
cardiovascular medicine by enabling clinicians to deliver care beyond traditional in-person visits.[36,40]
Wearable devices such as smartwatches, chest straps, and patch-based ECG monitors have revolutionized
cardiac care by enabling continuous rhythm surveillance and blood pressure tracking outside clinical
settings.[7] Recent reviews indicate that wrist-worn heart rate monitors have become one of the most
commonly used wearable tools for tracking cardiovascular responses during exercise. [S9] These technologies
can detect arrhythmias, including atrial fibrillation, and provide early warnings for ischemic episodes, allowing
timely medical intervention.[32,59] This innovative approach supports more individualized treatment,
broadens access to exercise monitoring outside laboratory, helps patients better understand and manage their
conditions, and may contribute to fewer emergency visits and hospital readmissions. Furthermore,
telemedicine can improve access to cardiovascular care for people living in remote or underserved areas, where
availability of specialists is limited.[40]Telemedicine platforms complement these tools by offering virtual
consultations, remote cardiac rehabilitation programs, and Al-driven decision support for clinicians.[30],[34].
In hypertension management, home-based telemonitoring supported by cloud-connected sphygmomanometers
has demonstrated improved adherence and blood pressure control compared to standard care.[31],[33] Such
interventions reduce outpatient visits, hospital readmissions, and healthcare costs while maintaining high
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patient satisfaction rates.[31] The most established applications of telemedicine include remote follow-up of
patients with cardiac rhythm management devices such as pacemakers and implantable cardioverter-
defibrillators, where continuous data transmission allows earlier identification of arrhythmic events, device
malfunction, or battery depletion. Telemedicine is also emerging as a valuable tool in the management of
chronic heart failure, supporting early detection of decompensation through remote monitoring of
physiological parameters and thereby helping to reduce hospitalizations. [42],[59]Another growing field is
tele-rehabilitation and secondary prevention after acute cardiovascular events, where digital platforms can
deliver structured exercise programs, symptom tracking, and education while maintaining close supervision
by clinical teams.[42] Moreover, post-myocardial infarction and heart failure patients benefit from hybrid care
models that combine teleconsultations with wearable-based monitoring. Real-time heart rate, weight, and
oxygen saturation tracking enable early detection of decompensation, reducing acute admissions and
improving outcomes.[7],[34] These findings collectively support the growing consensus that digital
cardiovascular care is not merely an adjunct but a core component of modern cardiology practice.[34]

However, the broader integration of telemedicine into cardiology brings important considerations. While
remote care offers convenience, flexibility, and reduced strain on healthcare resources, several barriers remain.
It must be noticed that not all patients have equal access to reliable internet, adequate devices, or the digital
literacy required to use telemedical services effectively.[41] There are also concerns about the potential loss
of diagnostic information that normally comes from physical examination, which can make certain assessments
less precise. Issues such as data security, patient privacy, and the need for well-defined clinical protocols also
complicate the widespread adoption of telemedicine. Despite these challenges, the authors argue that
telemedicine has the potential to significantly enhance cardiovascular care if technological, ethical, and
logistical obstacles are systematically addressed. When implemented thoughtfully, it can become a
complementary tool that strengthens patient monitoring, continuity of care, and overall clinical outcomes.
[411,[42],[59]

Sports medicine and athlete monitoring

Telemedicine has increasingly been adopted in sports medicine as a complementary model of care that
supports clinical decision-making, injury management and athlete follow-up beyond traditional in-person
settings. Survey-based evidence demonstrates high acceptance of telemedical consultations among both
athletes and healthcare professionals, particularly for follow-up visits, injury assessment and treatment
monitoring. Remote care models reduce logistical barriers, improve access to sports medicine specialists and
enable continuity of care during training cycles and competitive seasons.[60] The integration of telemedicine
with wearable devices has further strengthened remote athlete monitoring by enabling continuous, objective
assessment of physiological responses to training and rehabilitation. Wearable sensors commonly capture
parameters such as heart rate, heart rate variability, physical activity levels, sleep patterns and movement
metrics, which can be transmitted in real time or asynchronously to medical teams. When incorporated into
telemedicine platforms, these data provide clinicians with longitudinal insights into training load, recovery
status and potential early indicators of overuse or injury, supporting individualized and data-informed decision-
making. [60,61] Tele-rehabilitation systems in orthopedics and sports medicine increasingly combine wearable
motion sensors with mobile applications and virtual environments to guide exercise execution and monitor
adherence. These approaches allow clinicians to remotely adjust rehabilitation intensity, identify compensatory
movement patterns and optimize return-to-play strategies while maintaining clinical supervision outside
traditional healthcare settings. [61] Wearable-supported telemedicine has also proven particularly valuable in
sports performed under extreme or remote conditions, where direct medical access is limited. Portable sensors,
mobile imaging solutions and secure data transmission technologies enable real-time physiological monitoring
and remote expert consultation during endurance events, expeditions and high-risk sporting activities. Such
systems enhance medical safety by facilitating early recognition of physiological strain and timely clinical
intervention, even in geographically isolated environments.[62]

Overall, the integration of telemedicine with wearable devices in sports medicine supports a shift toward
continuous, personalized and preventive care. By combining remote clinical oversight with real-time
physiological and biomechanical data, these technologies contribute to safer training practices, improved
injury management and sustained promotion of physical activity across diverse athletic populations.[60-62]
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Diabetes, metabolic disorders and CGM in physically active individuals

Diabetes management has been one of the most rapidly evolving areas for telemedicine and wearable
devices, offering tools that support early detection of complications, continuous physiological monitoring, and
more individualized patient engagement. Continuous glucose monitors (CGMs), insulin pumps, and smart
applications now provide an integrated feedback loop between patients, clinicians, and data systems.[37],[38]
These devices transmit glucose readings to mobile platforms, enabling automated insulin dosing
recommendations and facilitating clinician review through teleconsultations.[39] Telemedicine-based diabetes
care has been shown to improve glycemic control, treatment adherence, and patient empowerment.[39] During
the COVID-19 pandemic, remote glucose monitoring platforms proved crucial for maintaining continuity of
care in patients unable to attend regular appointments.[37] Furthermore, the combination of wearable activity
trackers and dietary logging applications supports lifestyle modification programs aimed at reducing insulin
resistance and obesity.[38] In type 2 diabetes, remote digital technologies are particularly valuable because
many patients develop cognitive impairment that often goes unrecognized until it is advanced. Recent work
demonstrates that wearable devices, passive activity sensors, and smartphone-based cognitive assessments can
continuously collect data relevant to cognitive functioning and identify subtle declines much earlier than
traditional clinic-based evaluations.[37] These remote systems draw on approaches initially developed for
neurodegenerative diseases and adapt them for the metabolic and vascular characteristics of diabetes, providing
a scalable framework for proactive monitoring of at-risk individuals [37],[39] As such technologies mature,
they may enable clinicians to intervene earlier, tailor treatment plans, and better track the cognitive
consequences of long-standing metabolic dysregulation.[37],[38] Telemedicine also plays a significant role in
the management of gestational diabetes, where timely and precise glucose control is essential for maternal and
fetal health. Digital health platforms equipped with machine-learning algorithms can integrate large volumes
of glucose measurements, dietary information, and behavioral data to generate personalized insights for both
patients and clinicians. [38] These systems provide automated feedback, prediction of glucose excursions, and
alerts aimed at preventing episodes of hyperglycemia. By reducing the delays associated with traditional paper
logs or infrequent clinic visits, remote monitoring enhances decision-making during pregnancy and helps
ensure that individuals with gestational diabetes maintain safer glycemic profiles.[38]This digital infrastructure
also supports more efficient communication between patients and healthcare providers, which is crucial in
managing a time-sensitive condition.[37]

Another important contribution of telemedicine in diabetes relates to its ability to support behavior
change, an essential but often difficult component of long-term glycemic control. Continuous glucose
monitoring (CGM) systems, now increasingly integrated into telehealth platforms, provide users with
immediate feedback regarding how diet, physical activity, stress, and sleep patterns affect glucose levels
throughout the day. Regular physical activity offers numerous benefits for glycemic control, insulin sensitivity,
and cardiovascular health, but it can also introduce risks such as hypoglycemia or hyperglycemia if glucose
levels are not closely monitored. [63] CGM devices enable athletes and healthcare professionals to track
glucose trends dynamically, adjusting carbohydrate intake, insulin dosing, or exercise intensity accordingly.
Research indicates that integrating CGM into training routines allows for personalized strategies that optimize
performance while minimizing metabolic risks. [63]

A recent systematic review and meta-analysis of randomized controlled trials found that CGM use can
meaningfully enhance self-regulatory behaviors and motivation, improving glycemic outcomes not only in
individuals with established diabetes but also in populations without diabetes who are seeking to modify
lifestyle habits. [39] These findings highlight the potential of modern CGM tools as broader digital health
interventions capable of encouraging healthier behavior patterns and empowering both elite athletes and
recreationally active individuals through real-time data. [37,[39]

Undoubtedly telemedicine is reshaping diabetes management across diverse clinical contexts. Whether
through early detection of cognitive decline in type 2 diabetes, machine-learning—supported glucose
monitoring in pregnancy, or behaviorally focused CGM feedback, telemedicine enables more continuous,
personalized, and proactive care. [37] As digital technologies continue to advance, they offer opportunities to
reduce clinical burden, improve patient engagement, and support earlier, data-driven interventions that would
be difficult to achieve through traditional models of diabetes care.[37]

Beyond diabetes, telehealth has also demonstrated benefits in metabolic diseases management, allowing
clinicians to adjust pharmacotherapy and monitor adherence through digital biomarkers. Wearable
technologies, in particular, play a central role by providing continuous, objective data on physical activity,
energy expenditure, heart rate, and sometimes even dietary habits. Evidence shows that these devices can
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promote healthier behaviors and assist patients in maintaining long-term adherence to physical activity and
nutrition-related goals, which are essential components of managing chronic metabolic conditions such as
obesity, metabolic syndrome, and type 2 diabetes.[11] By enabling remote tracking and real-time feedback,
wearables allow clinicians to monitor progress more closely and adjust interventions without requiring
frequent in-person visits, thereby enhancing patient engagement and facilitating more responsive care.[11],[29]

Telemedicine also supports personalized nutritional management in patients with rare diseases, such as
leukodystrophies, and neuromuscular disorders. Digital platforms enable specialized dietary counseling,
remote assessment of nutritional intake, and timely adaptation of individualized meal plans—features that are
particularly important for patients who require highly specific dietary regimens to control metabolic
imbalances or prevent disease complications. These telehealth systems offer structured communication
channels between patients, dietitians, and multidisciplinary care teams, ensuring that guidance can be delivered
consistently even in settings where regular access to specialized nutrition services is limited. Emerging
evidence suggests that such digital approaches can improve adherence, reduce the burden of travel, and
enhance overall quality of life for individuals with rare metabolic diseases.[29] Together, these developments
illustrate how telemedicine fosters more accessible, data-driven, and patient-centered strategies for addressing
a broad spectrum of metabolic disorders.These advances mark a fundamental transition from episodic clinical
assessments to continuous, patient-driven metabolic surveillance, promoting better long-term
outcomes.[11],[29]

Oncology and hematology

In oncology, telemedicine plays a pivotal role in continuity of care, particularly for
immunocompromised patients and those living far from specialized centers.[3],[26] Recent research has
further expanded the evidence base for remote monitoring and wearable technologies in cancer care,
demonstrating a range of practical applications across treatment phases and patient populations.[48] Wearable
sensors and consumer activity trackers have been widely used to obtain objective measures of physical activity,
sleep, and heart-rate variability, enabling clinicians to follow functional recovery during and after treatments
such as chemotherapy, radiotherapy, hematopoietic cell transplantation, and CAR-T cell therapy. These
continuous data streams make it possible to characterise symptom trajectories (for example, treatment-related
fatigue), detect early deviations from expected recovery, and tailor rehabilitation plans remotely, thereby
supporting more proactive symptom management and individualized care pathways.[48],[49] Wearable
devices are increasingly used in oncology to monitor treatment-related side effects such as fatigue, mobility
impairment, and cardiotoxicity.[3] Several studies have documented the feasibility and clinical value of using
wearables to monitor vital signs that are relevant to oncology patients. Continuous temperature and multi-vital
monitoring have been piloted as tools for early identification of febrile episodes and neutropenic complications,
offering the potential to shorten the time to clinical review in high-risk patients and possibly to reduce
morbidity associated with delayed fever detection. Similarly, ambulatory heart-rate and activity data have been
applied to detect early signs of deconditioning or physiologic stress that may presage complications, enabling
clinicians to intervene before deterioration necessitates hospital admission.[50] In hematology, remote
monitoring of post-bone marrow transplant patients using wearables and teleconsultations has improved early
detection of complications such as graft-versus-host disease.[25] By integrating data from accelerometers and
biosensors, clinicians can objectively assess functional decline and intervene earlier. This patient-generated
health data enriches traditional outcome measures and facilitates value-based oncology models.[26]
Telemedicine platforms have also been coupled with structured telerehabilitation programs and remote
symptom-reporting systems to support recovery and preserve quality of life.[51] Video consultations,
symptom-reporting mobile apps, and home-based monitoring reduce unnecessary hospital visits while
maintaining close follow-up.[25] Randomized and observational work suggests that remote exercise
prescriptions, supervised virtually, and digital symptom monitoring are feasible in oncology populations and
can improve adherence to rehabilitation regimens, mitigate functional decline, and reduce symptom burden
when compared with usual care alone. These interventions are particularly relevant for patients who face
mobility constraints or who are immunocompromised and thus benefit from reduced travel to clinic.[51],[52]
Patient experience studies highlight generally positive attitudes toward telehealth and wearables in cancer care,
while also identifying practical barriers that must be addressed for broader adoption. Many patients appreciate
the convenience and reduced travel time offered by virtual consultations and remote monitoring, yet technical
difficulties, device usability, and the perceived burden of continuous monitoring can limit sustained
engagement.[53] Preferences are nuanced: patients commonly accept telemedicine for routine follow-ups,
medication reviews, or review of test results, but prefer face-to-face visits for initial diagnoses, complex
decision-making, or sensitive discussions. These insights point to the importance of hybrid care models that
combine remote monitoring and virtual visits with in-person encounters when clinically indicated.[52] [53]
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Despite these promising developments, the literature consistently emphasises implementation
challenges. Heterogeneity in device accuracy, lack of standardized data formats, and poor interoperability with
electronic health records create obstacles for clinical integration and data-driven decision making.[54],[55] In
addition, several studies note the need for robust analytic pipelines and validated algorithms to turn high-
volume sensor data into actionable clinical signals; without such validation, the clinical utility of many
wearable-derived metrics remains limited.[46],[54] Ethical and equity concerns also arise: the digital divide
and variability in patient digital literacy may exacerbate disparities unless programs include targeted solutions
for access and training. Finally, regulatory, reimbursement, and workflow integration issues continue to
constrain large-scale deployment, highlighting that technology alone is insufficient without supportive policy
and infrastructure.[55]

Taken together, current evidence supports a growing role for telemedicine and wearables in oncology
and hematology - from early detection of adverse events and continuous vital-sign surveillance to remote
rehabilitation and patient-centered follow-up - but also underscores that careful validation, user-centred design,
interoperability and equitable implementation are essential prerequisites for translation into routine
practice.[25],[48],[50],[51] These findings emphasize that telemedicine should complement rather than replace
traditional oncology care, with its greatest value emerging when incorporated into thoughtfully structured
hybrid care pathways. [26]

Postoperative and rehabilitative care

The postoperative period represents a critical window for monitoring complications, pain management,
and functional recovery. Telemedicine has become an increasingly central component of postoperative and
rehabilitative management, offering clinicians the ability to monitor recovery trajectories while reducing the
burden of in-person visits.

Wearable sensors and tele-rehabilitation platforms allow clinicians to track mobility, wound healing,
and physiological recovery in real time. They also support patient engagement by offering feedback about
daily activity goals during the vulnerable early postoperative period.

For example, in patients recovering from cardiac surgery, wearable activity monitors have been used to
track step counts, mobility patterns, and overall physical activity, providing objective indicators of recovery
quality and revealing deviations that may signal delayed healing or complications.[12] Similarly, remote
physiologic and therapeutic monitoring platforms have gained traction in orthopedic surgery. After total knee
arthroplasty, wearable motion sensors combined with tele-rehabilitation programs enable continuous
assessment of joint movement, range of motion and quality of walking. Such remote systems have been also
associated with improved rehabilitation adherence. Moreover, studies demonstrate that remote physiotherapy
programs yield outcomes comparable to in-person rehabilitation while offering greater convenience and lower
cost.[35] Data transmitted to rehabilitation teams via telemedicine interfaces enable individualized adjustments
to therapy intensity.[12],[35] Additionally, telehealth supports remote pain management and early detection of
surgical site infections through symptom-reporting apps and connected sensors.[12] These interventions not
only streamline postoperative care but also offer a practical solution for patients who encounter logistical
barriers to attending frequent rehabilitation sessions.[35]

Recent research further expands the scope of telemedicine in surgical recovery. Mobile-health-based
postoperative monitoring for thoracic surgeries has shown that digital platforms can reliably capture pain
scores, wound photographs, vital signs, and early symptom changes, enabling faster detection of surgical-site
infections and complications such as dehydration or pulmonary decline [12],[58]. Studies evaluating
smartphone-integrated wound assessment tools demonstrate good patient acceptance and high diagnostic
concordance with in-person evaluations, underscoring their utility as adjuncts to routine follow-up.[12],[56]
Tele-rehabilitation protocols incorporating real-time video feedback and app-guided exercise regimens have
also proven effective across orthopedic, neurologic, and cardiovascular populations, improving functional
outcomes, reducing hospital readmissions, and supporting long-term self-management.[12],[35],[57] Despite
variability in available technologies, the overarching evidence suggests that remote monitoring and digital
rehabilitation pathways enhance postoperative safety, promote timely recognition of complications, and
encourage active patient participation in recovery. As surgical care increasingly moves toward shorter hospital
stays and early discharge models, telemedicine offers an important framework to maintain continuity of care
while supporting efficient resource use and personalized rehabilitation planning.[12],[35] This approach aligns
with the principles of enhanced recovery after surgery, emphasizing early mobilization and patient
engagement.[35] All things considered,the result of incorporating digital medicine into rehabilitative care is
shorter recovery times, reduced hospital stays, and improved patient satisfaction.[12]
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Urology, ophthalmology and other specialties

Beyond major chronic disease areas, telemedicine and wearable technologies are expanding into diverse
clinical domains. In urology, teleconsultations facilitate preoperative counseling, postoperative follow-up, and
chronic condition management such as incontinence or erectile dysfunction.[23] Wearable urination sensors
and connected pelvic floor training devices enhance adherence and provide objective feedback for
rehabilitation.[28] In ophthalmology, teleophthalmology programs employing retinal imaging and cloud-based
diagnostics have improved access to screening for diabetic retinopathy, glaucoma and age-related macular
degeneration, particularly in underserved populations. Al-driven diagnostic systems offer multimodal learning
approaches, integrating imaging data such as fundus photography and OCT with clinical parameters, enhance
the early detection of retinal diseases. According to recent studies, these algorithms are capable of identifying
subtle structural abnormalities that may be overlooked in routine clinical assessment, improving the detection
of ophthalmic conditions.[27]

Machine-learning—assisted image interpretation enables earlier detection of pathology and triaging of
patients requiring in-person care, with both acute and chronic eye conditions.[29] Emerging areas also include
teledermatology, telepsychiatry, and remote respiratory monitoring. Smart patches measuring oxygen
saturation and respiratory rate are being used to manage patients with chronic obstructive pulmonary disease
or asthma at home.[30] Collectively, these multidisciplinary applications demonstrate the scalability and
adaptability of digital health technologies across medical specialties.[29]

Benefits- how can telemedicine promote physical activity?

Integrating telemedicine into mainstream clinical practice provides a holistic view of patient health. This
innovative approach supports both disease-specific and general wellness interventions. By combining remote
monitoring, personalized feedback and real-time data analysis, telemedicine plays a growing role in promoting
and sustaining physical activity.

First, telemedicine improves accessibility and continuity of care, particularly for patients living in
remote or underserved regions. Numerous studies emphasize that virtual consultations and remote monitoring
reduce travel time, waiting lists, and treatment interruptions, while maintaining quality and safety comparable
to in-person visits.[1,14,15] During the COVID-19 pandemic, telehealth systems proved essential in ensuring
uninterrupted care delivery.[8] Second, combining telemedicine with wearable devices enhances early
diagnosis and disease management. Continuous physiological monitoring-such as of heart rate, rhythm, blood
pressure, glucose, or physical activity-enables rapid clinical intervention, lowering the risk of complications
in cardiovascular, metabolic, and respiratory diseases.[7],[31],[37] In diabetes care, remote glucose monitoring
and digital coaching have been linked to improved glycaemic control and treatment adherence.[38] Third,
these technologies bring economic and organizational benefits. Digital follow-up and remote supervision
reduce the number of unnecessary in-person appointments and hospital readmissions, lowering healthcare
costs and optimizing resource allocation.[16,21] Tele-rehabilitation and postoperative telemonitoring have
achieved similar or better clinical outcomes compared to traditional models, with added convenience for both
patients and providers.[12] Fourth, wearables foster greater patient engagement and self-management.
Continuous feedback on daily activity, diet, and vital signs encourages behavior change and supports long-
term lifestyle improvement.[11] Patients become more aware of their condition and take an active role in
decision-making, contributing to personalized and preventive care.

Finally, data from wearable sensors contribute to the advancement of precision medicine. Leveraging
artificial intelligence and machine learning enables the analysis of these complex datasets, uncovering patterns
that can improve diagnosis, prognosis, and treatment decisions beyond conventional approaches. Al
applications span multiple medical domains, including cardiology, sports medicine, neurology, and
immunology, where it can enhance diagnostic accuracy and reduce error rates.[2],[9],[29]

Future perspectives of telemedicine and wearable technologies

In the near future, telemedicine and wearable-based healthcare are expected to evolve toward more
integrated, intelligent, and patient-centered systems. Technological progress in flexible sensors, nanomaterials,
and miniaturized electronics will make devices more accurate, comfortable, and capable of long-term
physiological and biochemical monitoring.[4,10,13] Artificial intelligence will play a key role by enabling
predictive analytics and automated clinical alerts. Al algorithms analyzing continuous data streams may
forecast decompensation in chronic diseases or optimize therapy according to real-time parameters.[2],[9]
Machine learning techniques are particularly effective at detecting intricate relationships within diverse data
types—numerical, visual, or textual—and can rapidly process large-scale datasets, facilitating personalized
and population-level insights. In parallel, in silico modeling and virtual clinical trials allow the simulation of
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patient populations, including underrepresented groups, improving trial design and potentially reducing the
need for extensive real-world testing. [29]The fusion of multimodal data—including genomics, metabolomics,
and patient generated health data —offers a future in which therapeutic choices are dynamically adjusted to
the patient’s real-world phenotype.[9] Collectively, these advancements highlight the transformative potential
of integrating telemonitoring, Al, and wearable devices to support proactive, data-driven, and precision
healthcare.[14,29] Care models are expected to shift toward hybrid approaches, combining remote monitoring
with targeted face-to-face visits. Rather than replacing face-to-face interactions, telemedicine is likely to be
embedded in mixed pathways where in-person, virtual, and automated monitoring modalities are organized
according to clinical need.[5],[14] Such hybrid models can optimize resource allocation: routine surveillance
and lifestyle support occur remotely, while episodic or complex evaluations remain in person. [17,18] Early
evidence supports hybrid programs for chronic disease management, postoperative recovery, and oncology
follow-up. [3],[12] However, the expansion of digital health requires progress in data interoperability,
cybersecurity, and ethical regulation. Establishing common standards for data exchange, validation, and
privacy protection is crucial for safe clinical use.[16] At the same time, healthcare systems must address digital
inequities, ensuring that elderly, low-income, or technologically inexperienced patients also benefit from these
solutions.[15]

The scale of impact of telemedicine in the future will be determined by interoperability, standards, and
regulations. For wearable-derived data to be clinically actionable, devices and platforms must adhere to
interoperable protocols, validated performance metrics, and regulatory approvals that protect patients while
enabling innovation.[16],[20] Progress in standardizing data formats and clinical-grade validation frameworks
will facilitate integration into electronic health records and decision-support pipelines.[9],[10] Future research
should focus on evaluating long-term outcomes, cost-effectiveness, and patient satisfaction across diverse
clinical settings. Particular attention should be given to the use of telemedicine in cardiology, diabetes
management, oncology, and nutritional therapy for rare diseases, which already demonstrate promising clinical
and economic results.[7],[29] Overall, the synergy between telemedicine, wearable technologies, and Al-based
analytics is reshaping healthcare delivery - shifting the paradigm from reactive treatment toward proactive,
data-driven, and personalized care.

Limitations and challenges

Despite substantial technological progress, several critical challenges hinder the full integration of
telemedicine and wearable health solutions into clinical practice. One key issue is the absence of standardized
regulations governing digital health tools, coupled with disparities in technological infrastructure and
persistent concerns regarding data privacy and security. While artificial intelligence and machine learning offer
considerable potential to enhance remote care, their broad implementation in clinical settings necessitates
rigorous validation to guarantee accuracy, reliability, and adherence to ethical standards.[29] From a systems
perspective, a lack of interoperability and standard protocols across digital health and clinical platforms also
slows broader implementation. Many wearable devices cannot seamlessly integrate with electronic health
records or other healthcare IT systems, which makes data sharing and clinical decision-making more difficult.
Regulatory uncertainty compounds these problems: heterogeneous or vague guidelines for telemedicine and
wearable device use can delay clinical approvals, slow adoption, and complicate reimbursement strategies [46]

Technical constraints represent a major barrier, particularly in rural or underserved areas where access
to stable internet connections and high-quality broadband is limited. [29] Such deficiencies reduce the quality
of remote interactions and restrict patients’ access to consistent and effective healthcare services. This
infrastructure gap undermines consistent, high-quality teleconsultations and contributes to inequities in health
service delivery. [45] In addition, socioeconomic factors—including patients’ education level, income, and
familiarity with digital technologies—play a significant role in the adoption and effective use of telemedicine.
[29] Furthermore, user-related factors impede adoption: individuals with limited digital literacy or less
confidence in using technology often struggle to engage with telemedicine platforms or wearable devices. The
challenge is particularly acute when interfaces are not intuitive or require frequent manual input, discouraging
sustained use of remote monitoring tools. [29],[45] Geographical inequalities further complicate the
deployment of telehealth services. Regions with limited infrastructure or economic disadvantages frequently
face challenges in providing high-quality digital care, as reliable connectivity between healthcare providers
and patients is essential for the success of telemedicine interventions. [24,29] Data security and patient privacy
remain pressing concerns, especially given the extensive personal and health information collected by
healthcare applications and mobile health platforms. Wearables and mobile health tools continuously generate
sensitive personal data, and the absence of robust, universally adopted security standards places patient
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confidentiality at risk. [29],[43] The sensitive nature of these data underscores the urgent need for clear,
uniform regulations to protect patient confidentiality.[29] Moreover, practitioners often face difficult trade-
offs between usability and data protection, especially when working with vulnerable populations.[43] The
massive volume of data generated by wearable devices also poses a logistical challenge: clinicians may be
overwhelmed with analytics, lacking standardized guidelines on how to interpret or action data streams.
Without clear clinical pathways and validated protocols, the potential of wearables for real-world decision-
making remains underutilized. [46] Moreover, telemedicine inherently limits certain aspects of care. crucial
diagnostic components-such as detailed physical examinations, auscultation, or in-person diagnostic tests-
cannot always be replicated virtually, which may lead to misdiagnosis or incomplete assessments.[44] The
inability to conduct comprehensive physical examinations and the difficulties associated with managing urgent
or emergent situations illustrate the challenges of delivering fully holistic care solely through digital
means.[23,29] In acute situations, the remote format may further hinder urgent interventions or decisions that
would normally require immediate, hands-on care.[44] Finally, sustainable deployment of telemedicine and
wearables is questioned by financial and training burdens. Establishing a remote care service requires not only
investments in secure platforms and broadband infrastructure, but also continuous training for healthcare
professionals in using, interpreting, and responding to remote health data. Without well-defined and properly
funded organizational models, telemedicine initiatives risk being patchy, inconsistent, and hard to scale.[47]

These factors highlight that, while telemedicine and wearable devices offer substantial benefits, careful
consideration of technical, ethical, and practical limitations is essential for their safe and effective integration
into healthcare systems.[21,22,29]

Discussion

Telemedicine and wearable technologies have evolved from complementary digital tools into
increasingly strategic components of modern healthcare delivery. Evidence drawn from the broad
interdisciplinary literature demonstrates that these technologies are now embedded across a wide range of
major medical domains, including cardiology and screening for athlete cardiac risk, sports medicine and post-
injury sports rehabilitation, oncology, ophthalmology, primary care and perioperative medicine, but also in
promoting physical activity and remote patient monitoring. Despite the diversity of clinical contexts, several
overarching themes consistently emerge across studies: improved access, enhanced continuity of care, earlier
detection of clinical deterioration, heightened patient engagement and a structural shift toward proactive, data-
driven medicine. At the same time, persistent limitations—including technological inequality, data
management burdens, regulatory fragmentation, concerns about accuracy and privacy-mean that the full
potential of these tools has yet to be realized. Telemedicine proved especially valuable during the COVID-19
pandemic, maintaining continuity of care across specialties such as pulmonology, gastroenterology and
oncology when routine in-person visits became difficult or unsafe [8,24]. Beyond emergency contexts, scoping
studies show that telemedicine remains clinically effective and cost-effective across a variety of chronic
diseases, including cardiovascular conditions, diabetes and cancer survivorship [16,19,21]. These findings
collectively underline a transition from episodic, clinic-centered care to ongoing, remote-supported disease
management. Oncology is one of the fastest-growing fields for digital health innovation. Telemedicine in
cancer care has been shown to improve patient satisfaction, facilitate communication, and reduce logistical
burdens during demanding treatment schedules [25,26,52]. Wearable devices enable continuous assessment of
fatigue, cardiorespiratory parameters, athlete monitoring, sleep quality and behavioral patterns, offering new
ways to evaluate treatment tolerance and recovery outside hospital settings [49,50,54,55]. Remote
rehabilitation through telemedicine and mobile applications has also demonstrated benefits for survivors,
supporting long-term physical functioning and quality of life [51]. Together, these developments point toward
a hybrid oncology care model that integrates periodic in-person visits with remote monitoring to achieve more
personalized, responsive treatment planning [53]. Similarly, telemedicine supports early detection in oral
oncology by enabling remote triage and specialist consultations, often reducing delays in diagnosis within
underserved regions [47]. The continuous expansion across such highly specialized fields underscores the
adaptability of digital technologies to diverse diagnostic and therapeutic needs. Although the integration of
artificial intelligence and telemedicine is transforming healthcare delivery, these innovations must be adopted
critically. Technical challenges - such as unstable connectivity, limited interoperability between systems, and
variable sensor accuracy—are frequently cited as barriers to effectiveness and consistency [10,11,20,43].
Patients and clinicians report issues with device usability, digital literacy and reliability, which can affect
adherence and perceived value. Privacy and cybersecurity concerns remain among the most significant
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obstacles, particularly given the volume and sensitivity of data generated by wearables and remote monitoring
platforms [43,45]. Large-scale reviews during and after the COVID-19 pandemic highlight persistent
disparities in telehealth adoption, driven by socioeconomic status, age, geographic region and digital skill level
[14,44]. Without targeted interventions, these disparities risk reinforcing existing inequalities in healthcare
access and outcomes. Ultimately, telemedicine and wearable technologies do not replace traditional medicine;
instead, they extend its reach, enhance its precision and deepen its responsiveness. With appropriate
implementation, they can support a healthcare system that is more personalized, predictive and participatory.
Continued interdisciplinary research, patient-centered design, and equitable access initiatives will be crucial
to ensure that these innovations fulfill their potential and contribute to a more resilient, accessible and efficient
global healthcare landscape.

Conclusions

Telemedicine and wearable technologies represent powerful and complementary tools for promoting
physical activity and advancing health monitoring across diverse populations. By enabling continuous data
collection, personalized feedback and remote supervision, these solutions support sustained engagement in
physical activity while improving the safety and effectiveness of care for both the general population and
individuals living with chronic disease. The reviewed evidence indicates that telemedicine-based models can
improve healthcare efficiency, reduce hospital utilization and expand access to medical expertise, particularly
in underserved and geographically remote settings. Wearable devices further enhance these models by
providing real-time physiological insights that facilitate earlier detection of clinical deterioration, more precise
chronic disease management and improved rehabilitation outcomes. Despite their demonstrated benefits, the
successful integration of telemedicine and wearables remains constrained by technological, organizational and
ethical challenges, including data overload, interoperability limitations, regulatory uncertainty and persistent
inequalities in digital access. Addressing these barriers will be essential to ensure that digital health innovations
translate into equitable and sustainable improvements in population health. Overall, this narrative review
highlights telemedicine and wearable technologies as central components of the evolving digital healthcare
ecosystem. Their continued development-supported by responsible implementation of artificial intelligence,
hybrid models of care and patient-centered design-has the potential to reshape healthcare delivery toward a
more proactive, personalized and participatory system.
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