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ABSTRACT—

Chronic diseases like diabetes, high blood pressure, and heart problems require constant monitoring, but traditional healthcare often falls short. Wearable devices
such as smartwatches, glucose monitors, and fitness trackers help by tracking health metrics like heart rate, blood sugar, and activity levels in real time. This study
explores the impact of wearables on health outcomes, patient adherence, and healthcare costs for individuals with chronic conditions. Existing research and survey
data highlight the benefits, including better blood sugar management, healthier habits, and improved doctor-patient communication, leading to fewer emergency
visits and lower costs. However, challenges like data security, device accuracy, and the lack of long-term studies remain. Future research should address these
issues to make wearables more accessible and engaging. Overall, wearables have the potential to transform chronic disease management, improving health and
reducing healthcare expenses.
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1. Introduction

Chronic diseases are a growing global health challenge, exacerbated by factors like aging, poor diet, and lack of physical activity. As the prevalence of
these conditions rises, healthcare systems are under increasing strain. Wearable devices that monitor health in real time present a potential solution,
providing valuable data to both patients and healthcare providers. These devices can enhance disease management and encourage greater patient
engagement in their care. This review will explore how wearables support chronic disease management, focusing on their benefits, challenges, and
opportunities for improving healthcare delivery.

A. Statistical view of Chronic Diseases

Chronic diseases like diabetes, heart disease, and high blood pressure are leading global causes of death, responsible for 41 million deaths annually, or
74% of all fatalities, according to the WHO [1]. Their increasing prevalence, driven by aging populations, unhealthy lifestyles, and stress, places immense
pressure on healthcare systems. Wearable health monitoring technologies provide innovative solutions by enabling real-time tracking, early detection,
and continuous management of these conditions. Systems like CHRONIOUS and loT-based wearables, often integrated with machine learning, enhance
disease prediction and personalized care [4][9][16]. Popular devices, such as smartwatches and sensors, are widely used for monitoring cardiac health
and diabetes, offering accessible and scalable options [11][24][29]. While these technologies bring benefits like early intervention and reduced
hospitalizations, challenges remain, including accuracy issues [29], high costs, privacy concerns [26][28], and integration with healthcare systems
[16][27]. Collaborative efforts are essential to make these tools more reliable and accessible.
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Fig. 1. Global deaths caused by chronic illnesses.
B. The Role of Wearable devices

Wearable technology, such as fitness trackers and smartwatches, uses sensors to monitor health metrics like fitness, heart rate, and glucose levels. Fitness
trackers track movement, exercise, and overall fitness, while smartwatches monitor heart rate, steps, sleep, and calories, with some models also tracking
blood oxygen and heart activity. Continuous glucose monitors (CGMs) enable real-time blood sugar tracking, especially for diabetes management. These
devices sync with health apps, offering real-time feedback and allowing users to share data with healthcare providers for remote monitoring [5][6]. As
shown in Fig. 2, wearable devices include categories like smartwatches, fitness trackers, and medical wearables, highlighting their role in health
monitoring. Continuous monitoring is essential for managing chronic diseases by detecting early health changes, preventing complications, and improving
treatment outcomes. Wearables help patients, like those with diabetes, track blood sugar levels and detect heart irregularities, ensuring timely intervention
and better adherence to treatment plans [2][7].

This review examines the effectiveness of wearable devices in managing chronic diseases. It explores how these devices can enhance health outcomes
by offering real-time monitoring, helping patients stay in their treatment plans, and potentially reducing healthcare expenses by minimizing hospital visits
and enabling remote care. The review also addresses challenges such as privacy concerns regarding personal health data and the accuracy of the devices,
which may affect their reliability. Additionally, it highlights opportunities for further technological advancements to improve the functionality and
accessibility of wearables. Ultimately, the goal of the review is to provide suggestions for improving wearable technology to better manage chronic

diseases and improve patient care [3][4].
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Fig. 2. Categories of wearable devices as accessories.

2. Background

A. Chronic diseases

A chronic disease is a health condition that persists for a long time, often for months or years. Unlike temporary illnesses that go away on their own,
chronic diseases usually don't improve without proper treatment and can even worsen over time. People with chronic diseases often need to take
medication, adopt healthier habits, and visit their doctor regularly to keep the condition under control. Some common chronic diseases include:
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1. Diabetes: A condition where the body struggles to regulate blood sugar levels. It includes Type 1, Type 2, prediabetes, and gestational
diabetes. Symptoms may include excessive thirst, frequent urination, fatigue, and blurred vision. Early diagnosis and management are key to
controlling it [1].

2. Cardiovascular Diseases (CVDs): These affect the heart and blood vessels, including coronary artery disease, stroke, and high blood
pressure. Risk factors include poor diet, lack of exercise, smoking, and family history. Early diagnosis and treatment are essential [2].

3. Chronic Respiratory Diseases: Conditions like Chronic Obstructive Pulmonary Disease (COPD) and asthma make breathing difficult.
COPD is often caused by smoking, while asthma is triggered by allergens. Treatment includes medication and lifestyle changes [3].

4. Hypertension: High blood pressure puts strain on the heart and arteries, leading to serious complications like heart attacks and strokes. Risk
factors include aging, obesity, and stress. Managing blood pressure is crucial to prevent long-term damage [4].

5. Obesity: Excessive body fat increases the risk of heart disease, diabetes, and other health issues. It results from poor diet, inactivity, genetics,
and hormonal imbalances. Treatment involves lifestyle changes, such as improved diet and exercise [5].

The rise in chronic diseases presents challenges for individuals and healthcare systems, requiring innovative solutions for monitoring, early detection,
and personalized care to improve outcomes [6].

B. Wearable Devices

Healthcare wearable devices track health metrics such as heart rate, blood pressure, blood sugar, oxygen levels, and activity. These devices offer real-
time feedback to users and healthcare providers, aiding in the management of chronic conditions like diabetes, hypertension, and obesity, often syncing
with mobile apps for data analysis and personalized care. They support managing conditions by offering real-time feedback and personalized health
insights. Advancements in sensor technology have improved their accuracy, benefiting both patients and healthcare providers. Despite challenges like
high costs, occasional inaccuracies, and privacy concerns, wearables are transforming healthcare by enabling individuals to manage their health better
[5][6]. Popular examples include fitness trackers (Fitbit, Garmin), smartwatches (Apple Watch, Samsung Galaxy Watch), and medical-grade devices like
continuous glucose monitors (CGMs) and ECG monitors [7].

As of recent estimates:
e  Over 400 million wearable devices are in use worldwide.
e Fitbit has 29 million active users globally.
®  Garmin has 224.31 million active users.
®  The Apple Watch has an estimated 100 million
users.
e  The CGM market was worth USD 4.60 billion in 2023 and is projected to grow at a CAGR of 7.19% from 2024.

Despite challenges like high costs and privacy concerns, wearable devices are reshaping healthcare, empowering individuals to manage their health while
providing healthcare professionals with valuable data for proactive care [1][2][3]1[4][5]1[6][7]

C. Importance of Continuous Monitoring

Continuous monitoring through wearable devices improves chronic disease management by supporting adherence to treatment plans, enabling early
detection of health issues, and fostering active health management. Key benefits include:

e Better Adherence: Continuous feedback encourages individuals to stay on track with treatment plans [2][13].

e  Early Detection: Real-time tracking identifies potential issues like irregular heartbeats or rising blood pressure, enabling prompt action

[11[16].
e  Remote Tracking: Healthcare providers can monitor patients' conditions remotely, reducing the need for in-person visits [5][9].
e  Customized Healthcare: Ongoing data collection allows for personalized care plans tailored to individual needs [7][10].
e  Active Monitoring: Wearables provide insights for users to adjust habits for better health [6][19].

Wearable devices enable real-time monitoring, enhancing patient outcomes through proactive health management, early intervention, and personalized
care.

3. Overview of wearable devices

Wearable devices, including fitness trackers, smartwatches, and medical-grade wearables, monitor health metrics such as activity, heart rate, glucose
levels, and ECG [1][2][5].
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A. Types of wearable devices
1) Smartwatches:

Smartwatches go beyond telling time by tracking health metrics such as heart rate, blood oxygen (SpO2), and physical activity. They can detect conditions
like atrial fibrillation and alert users to seek medical attention. As shown in Fig. 3(b), smartwatches provide real-time monitoring of vital health parameters
through sleek, user-friendly interfaces [3][6][7][33]. While beneficial for managing health and fitness, they face limitations such as data inaccuracies,
short battery life, and privacy concerns [6][8]. Despite this, smartwatches are transforming healthcare by helping individuals actively manage their
health [9] [21] [23] [26] [27] [28] [29][30].

2)  Fitness Trackers:

Fitness trackers monitor activity, sleep, and fitness levels, benefiting conditions like diabetes, chronic respiratory diseases, and obesity. They help manage
blood sugar, monitor heart rates, and encourage physical activity. Fig. 3(c) illustrates a fitness tracker designed to track steps and physical activity
efficiently [10][11]. Though effective, these devices can have data inaccuracies and high costs for advanced models, but they remain popular for promoting
healthier lifestyles [5][11].

3)  Continuous Glucose Monitors (CGMs):

CGM s track blood sugar levels in real-time, providing continuous data and alerts for high or low glucose levels. As depicted in Fig. 3(a), CGMs utilize
sensors attached to the skin to provide glucose trends directly to mobile apps or other devices [7][12]. They reduce the need for finger pricks and enhance
diabetes management. However, they are expensive and require routine sensor replacements, yet they remain crucial for diabetes care [12][13][32].

Popular brands include Fitbit, Garmin, Xiaomi, and Huawei, offering various devices like the Fitbit Charge, Garmin Forerunner, and Apple Watch [1][4].
Medical-grade wearables such as the Dexcom G6 and Abbott Freestyle Libre specialize in glucose and ECG monitoring, while the Oura Ring and Whoop
Strap 4.0 focus on sleep and wellness tracking [13][14]. These devices leverage advanced sensors for greater accuracy [15][16].

Fig. 3. Wearable devices for health monitoring: (a) Continuous glucose monitor showing glucose trends, (b) Smartwatch displaying heart rate, and (c)
Fitness tracker tracking activity.

4. LITERATURE SURVEY

Wearable health devices are transforming chronic disease management by enabling continuous monitoring, early detection, and personalized care.
Devices like CHRONIOUS and continuous glucose monitors (CGMs) help manage conditions such as chronic obstructive pulmonary disease (COPD)
and diabetes, while smartwatches and Al tools enhance tracking and patient engagement. However, challenges like limited long-term studies and
integration issues highlight the need for further advancements to fully realize the potential of these technologies [54][55][56][57].

A. Prior Research

Paper [1][16][34][40][41] provides a broad overview of wearable health monitoring technologies, emphasizing their progress, applications, and
limitations. Paper [2][37] explores the evolution of wearables from basic trackers to advanced tools monitoring complex health markers, focusing on
elderly care and chronic disease management. Paper [3][8] examines the role of design features in improving patient adherence and data accuracy,
showcasing their impact on real-world effectiveness. Paper [4][47][48][49][51][52][53] discusses the CHRONIOUS system, which integrates body
sensors, portable devices, and centralized data storage, demonstrating clinical success in managing COPD and chronic kidney disease (CKD). Paper
[51[9] highlights the integration of connected devices and Al tools to monitor cardiovascular health and analyze the impact of emotional states on chronic
diseases. Paper [6][21][23][26][27][28][29][30] underscores the role of smartwatches in unobtrusive, continuous health tracking for disease prevention.
Lastly, Paper [7][32] focuses on continuous glucose monitoring (CGM) technologies, particularly non-invasive methods, for effective diabetes
management. These papers collectively illustrate the growing importance of wearable devices in chronic disease management, offering insights into their
design, functionality, and real-world applications.

B. Technologies and Devices
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The studies highlight various technologies and devices that play a vital role in health management. Continuous Glucose Monitors (CGMs) [7][32] are
innovative tools for diabetes care, focusing on non-invasive ways to monitor glucose levels in real time. ECG monitors and smartwatches
[61[21][23][26][27][28][29][30][33] support cardiovascular health by tracking heart activity and monitoring emotional states. The CHRONIOUS system
[41[471[48][49][51][52][53] integrates body sensors, portable devices, and centralized data storage to manage chronic diseases effectively. Connected
devices [5][9] like heart rate monitors and blood pressure cuffs enable convenient health tracking at home. Lastly, wearable sensors for elderly care [2]
are designed to monitor hormone levels and support preventive healthcare for older adults.

C. Effectiveness of Wearables

Wearable devices greatly contribute to health management. They help improve health by enabling better blood sugar control with CGMs [7][32],
monitoring heart health effectively, and tracking chronic conditions in real time, as demonstrated by systems like CHRONIOUS
[41[471[48][49][51][52][53]. These devices also encourage patient participation through simple designs and discreet tracking, making it easier for users
to stay engaged in their health [3]. Furthermore, continuous monitoring supports early detection of potential issues, helping to prevent serious illnesses

(5]
D. Gaps in Research

Wearable health devices face several challenges that need addressing. Many studies involve limited participants, making it hard to apply findings broadly.
There is also a lack of long-term research to understand how effective these devices are over time. Additionally, better integration with Al and current
healthcare systems is needed to improve data analysis and usability.

5. EFFECTIVENESS OF WEARABLE DEVICES

Wearable devices have changed the way we manage chronic diseases by allowing people to track their health continuously. These devices provide real-
time information that helps patients understand their condition better and make informed choices.

A. Diabetes management

Continuous glucose monitors (CGMs) are essential for managing diabetes, providing real-time glucose level updates and alerting users to abnormal levels
[46][47][50][52]. They help maintain better blood sugar control and reduce complications. When connected to apps or insulin pumps, CGMs can also
adjust insulin automatically. Wearable devices also help patients follow their treatment plans by sending reminders for medication, exercise, and diet,
making long-term diabetes management easier [7][21][41]. Fig. 4. illustrates the impact of CGMs on blood glucose levels over a 24-hour period, showing
that with CGM (blue line), glucose fluctuations are smoother and more stable compared to without CGM (red line), which displays greater variability
[22][31][53][57].
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Fig. 4. shows the impact of Continuous Glucose Monitors (CGMs) on blood glucose levels over a 24-hour period, comparing glucose fluctuations with
and without CGMs.

This highlights the role of CGMs in providing continuous monitoring, allowing users to maintain better control of their glucose levels, reduce risks of
extreme fluctuations, and improve long-term management of diabetes [32][35][34][40].

B. Cardiovascular Disease

Wearable devices like smartwatches and sensors are helpful for heart health, as they track heart rate, blood pressure, and irregular rhythms like atrial
fibrillation [9][10][11]. This makes early detection and treatment possible. Continuous monitoring helps prevent complications by identifying changes
early [12][15][18]. These devices also guide patients to make healthier choices, like exercising more, managing stress, and eating better, to support overall
heart health [3][5][31][44]. Fig. 5. Impact of Wearable Devices on Heart Rate illustrates how these devices affect heart rate patterns. The graph compares
heart rate fluctuations in a 24-hour period for someone using a wearable device and someone not using one. The individual using the device shows more
consistent heart rate patterns, indicating effective monitoring and early detection of any abnormalities [45][46][47]. In contrast, the person not using the
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device experiences more irregular fluctuations, which could make it harder to spot potential issues [48][49][50][51][52]. This highlights how wearable
devices help monitor heart health in real time, enabling early intervention and supporting better lifestyle choices to maintain heart health
[53][54][55][56][57].
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Fig. 5. Impact of Wearable Devices on Heart Rate.

C. Respiratory Diseases

Wearables help manage respiratory diseases like asthma and COPD by tracking oxygen levels (SpO2) and detecting changes early, which allows for
quick action to prevent serious issues [2][3][8][41][42][44]. Some devices also monitor air quality and allergens, alerting patients to avoid triggers. They
provide ongoing tracking, helping patients and doctors identify symptom patterns and adjust treatments [4][14][16][18][48][49]. Fig. 6. Wearable devices
for oxygen saturation monitoring, such as pulse oximeters, demonstrates how these devices continuously track oxygen levels in real time [19][20][21][22].
The image shows a pulse oximeter, a common wearable device used for monitoring SpO2 levels, which can quickly alert patients and doctors when
oxygen saturation drops below safe levels [23][26][27][28]. By providing accurate, continuous data, these devices help manage respiratory conditions
effectively, ensuring timely intervention and better control of symptoms [30][33][34][35][36][37]1[39][40].

Fig. 6. Wearable devices for oxygen saturation monitoring, such as pulse oximeters
D. Hypertension

Wearables that monitor blood pressure continuously give a complete picture of hypertension management than traditional checks., tracking blood pressure
throughout the day [14][16][19][20][21][22]. These devices help patients and doctors see how lifestyle changes, like exercise and diet, affect blood
pressure and remind patients to take their medication on time, leading to better control and a lower risk of complications like stroke or heart attack
[2][6]1[23][25][26] [43][44]. As illustrated in Fig. 7. Impact of Wearable Devices on Blood Pressure, the graph demonstrates how these devices lead to
more stable and controlled blood pressure patterns, reducing fluctuations commonly seen without the use of wearable technology
[27][28][29][30][42][50]. The data highlights the effectiveness of continuous monitoring in managing hypertension and decreasing the risk of
complications like stroke or heart attack, thereby contributing to improved long-term health outcomes [34][35][36][37][38][40][41][51][52].
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Fig. 7. Impact of Wearable Devices on Blood pressure.

6. DRIVING WELLNESS: WEARABLES AND USER MOTIVATION

Wearable devices help users build healthier habits by tracking physical activity, sleep, and other health data. Features like step counters, calorie trackers,
and heart rate monitors encourage users to meet health goals, promoting more activity and better fitness [1][5][34][35][36]. Personalized notifications,
such as reminders to move or improve sleep, keep users engaged with real-time feedback [6][40][41][45]. Fig. 8, the infographic illustrates how wearables
collect and transmit data, motivating users to achieve wellness goals.

However, keeping users engaged with these devices in the long run can be challenging. The initial excitement often fades, and users may struggle to make
wearables a regular part of their daily routines [8][9][10]. Additionally, issues like short battery life, inaccurate data, and the need for frequent updates
can make the devices less attractive over time [2][3][26][27][28].

The high cost of advanced wearable devices is another obstacle, as many people may not be able to afford them, which limits their widespread use
[33][37][38]. To make sure wearables continue to be useful for managing chronic diseases and promoting lasting health changes, it's important to tackle
these issues and make the devices more affordable and accessible for everyone [4][7][50][51][52].
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Fig. 8. Infographic illustrating how wearable devices track progress and promote healthier behaviors.

9. Benefits and Advantages

A. For patients

Wearable devices allow patients to track their health, giving them more control over their condition [1][5][8][13]. By continuously monitoring important
health metrics, patients become more aware of their health, helping them manage chronic diseases better. This awareness encourages them to make better
choices and take an active role in their care [15][22][27][32].

B. For Healthcare Providers

Wearable devices give healthcare providers real-time health data, helping them make better decisions about patient care [3][6][14]. They also allow for
remote monitoring, so patients don’t need to go to the hospital as often. This reduces hospital visits and ensures timely care when necessary
[19][35][36][48][49].
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C. Economic Impact

Wearable devices play a crucial role in reducing long-term healthcare costs by focusing on prevention and early intervention [9][10]. Studies have shown
significant economic benefits from their use. According to Accenture (2016), wearable devices could reduce healthcare costs by $200 billion annually
in the U.S. through improved disease management and prevention. PwC (2016) estimated that wearables could lead to $1.3 trillion in savings globally
by 2030, shifting healthcare from reactive to preventive care. Similarly, Frost & Sullivan (2017) projected a $12 billion reduction in healthcare costs
globally by 2022, with wearables aiding in chronic disease management. A Health Affairs survey (2018) found that wearables could reduce hospital
admissions by 20-30% for chronic conditions like heart disease and diabetes, leading to $200 million in annual savings for a population of 100,000
people. As shown in Fig. 9, this data highlights how wearables significantly reduce healthcare costs by preventing serious health complications and
minimizing the need for emergency care [19][56].
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Fig. 9. Impact of Wearable Devices on Healthcare Costs Over 5 Years.

10. Limitations and Challenges
While wearable devices offer significant advantages, they also face several limitations and challenges that can affect their functionality, adoption, and
long-term use.

e  Data Accuracy and Reliability: Wearable devices may not always provide accurate data [1][6][10][14][18], as their performance can vary
depending on the device or calibration [21][25][30][35][40].

e  Privacy and Security: Storing and sharing health data can create privacy and security concerns [2][7][11][15][19], as there is a risk of the
data being accessed or used without permission by the users that is patients and doctors [23][28][33][38][43].

e  Accessibility and Affordability: Not everyone can afford wearable devices [3][8][12][16][20], and some may find them hard to use due to
a lack of technical knowledge [24][29][34][39][44].

e  Technical Barriers: Wearables can face problems like short battery life, poor connectivity, or issues when trying to connect with other
devices, making them less reliable and accurate [4][5][9][13][17]1[22][27][32][37][42].

11. Looking Ahead: Research and Innovation in Wearables

The future of wearable devices in healthcare is focused on ongoing research and innovation to improve their role in managing chronic diseases and
supporting better health outcomes.

A. Transforming Healthcare with Al and Predictive Modeling

Wearable devices could improve by using smart learning algorithms that adapt to a person’s changing health and habits over time. As users’ activities,
sleep, or stress levels change, the device could adjust its advice to better match their current needs. For example, if someone is stressed or not sleeping
well, the wearable could suggest relaxation techniques or changes to their routine. Additionally, using Al to predict health risks could help the device
offer preventive tips based on both personal and environmental factors. This could guide users to make healthier choices, like adjusting their diet or
exercise, to help prevent chronic conditions in the future [1][6][10][14][18][22][27][31][36].

B. Development of Disease-Specific Wearables

Imagine a wearable that goes beyond basic health tracking, using sensors to monitor specific conditions like diabetes or heart disease. It could measure
things like sweat, temperature, and oxygen levels to give real-time health updates. If needed, it could send reminders for medication or alert the user and
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doctor in case of an emergency. Additionally, these wearables could work with mobile apps and telemedicine to create a complete health system. This
system would allow for continuous monitoring, treatment adjustments, virtual doctor visits, and medication reminders, all in one easy-to-use platform for
better managing chronic conditions [2][7][11][15][19][23][28][33][38].

C. Enhancing Patient Awareness and Involvement

Wearable devices could use Virtual Reality (VR) or Augmented Reality (AR) to help patients see their health data in a fun, 3D way. For example, patients
might be able to see their heart rate or blood sugar levels in a more interactive and easy-to-understand format. Additionally, wearables could make health
management more engaging by turning it into a game. Patients could get personalized challenges that motivate them to stay active, take their medication,
or eat healthily, with rewards for reaching their goals. This approach could make managing health more interesting and encourage people to stick to
healthier habits [3][8][12][16][20][24][29][341[39].

D. Clinical Testing for Device Improvements

Wearable devices can be used to collect real-world data in clinical studies, providing ongoing insights into how patients respond to treatments in everyday
life. This data can help researchers understand the true effects of treatments outside of traditional trial settings. Additionally, wearable devices can make
clinical trials more flexible by allowing participants to be monitored remotely, reducing the need for in-person visits. This approach makes trials more
cost-effective and accessible to a wider group of people, while also ensuring consistent data collection over time [4][9][13][17][21][25][30][35][40].

12. CONCLUSION

Wearable devices have proven to be effective tools in promoting healthier lifestyles, improving chronic disease management, and enhancing patient
engagement. They offer significant benefits, including real-time health tracking, personalized feedback, and the ability to monitor health conditions more
effectively. These devices have the potential to transform healthcare by enabling early detection, reducing hospital visits, and lowering healthcare costs.
However, challenges such as ensuring data accuracy, protecting privacy, making them accessible, and improving device reliability must be addressed.
By overcoming these barriers, wearable devices can revolutionize healthcare and improve outcomes for patients worldwide.
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