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Abstract

Chronic diseases like diabetes, high blood pressure, heart issues, and breathing problems are some of the
leading causes of morbidity and mortality around the world. Managing these diseases usually requires
regular check-ups, changes in lifestyle, and sticking to medications. Recent developments in wearable
technology have opened up new ways to better manage these diseases, improve patient results, and make
healthcare more efficient. When these devices are used with Artificial Intelligence (Al) and Machine
Learning (ML), offer unprecedented opportunities to monitor, predict, and manage chronic diseases in
real-time. This review explores at how wearable devices are currently used in managing chronic
conditions, their benefits and limitations, and possible future developments in this rapidly evolving
subject. It looks at the key roles that wearable devices have in managing diabetes, heart diseases, breathing
issues, and mental health problems. It also discusses how Al and ML are applied in wearable devices for
managing chronic diseases, the challenges these technologies face, and where they might head in the
future. Lastly, the paper considers what the future may hold for wearable technologies, such as predictive
healthcare, personalized medicine, and managing multiple diseases, and the challenges that need to be
addressed for broader use.
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1. Introduction

Chronic diseases make up a large part of global healthcare costs and issues. Chronic diseases represent
the epidemic of the current time, in the United States 86% of the adult population are impacted by the
Chronis Diseases related healthcare costs and accounts up to 70% of deaths [1]. Chronic diseases may last
for the major part of the lifetime of an individual largely asymptomatic, and subject to lifestyle and
environmental influences. These include conditions like diabetes, heart diseases, chronic lung diseases,
and mental health issues, all of which are major causes of illness and death around the world. Normal
disease management often needs patients to visit healthcare providers regularly for check-ups, which can
be costly and may not effectively ensure ongoing care. Wearable devices are the devices that a patient can
wear on the body in the form of a portable medical equipment for sensing, recording, analyzing, regulating,
and intervening to keep the person healthy.

By conducting comprehensive, intelligent, on the fly analysis of various health indicators, wearables
enable the monitoring of patient’s vital health all day. The data that is generated by these wearable devices
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can be uploaded to the secure data cloud and analyzed by the machine learning algorithms to predict the
risks accurately [2]. These ML algorithms need more training data to be more and more accurate to predict
the conditions in an accurate way. Wearable devices that can gather body data continuously, along with
Al and ML, hold significant promise in changing how chronic diseases are managed by providing real-
time insights and allowing for early interventions. The use of Al and ML in wearable tech has led to
systems that can monitor and even forecast disease development, offer personalized treatments, and
increase patient involvement. The possibilities of these technologies go beyond just managing diseases—
Al-enhanced wearables are influencing the future of preventive healthcare. This paper reviews how
wearable devices are currently used in chronic disease management and looks at future possibilities for
these technologies to change healthcare. It also gives a detailed overview of the current applications of Al
and ML in wearable devices, their effectiveness, and their potential future roles in managing chronic
diseases.

2. Current Applications of Wearable Devices in Chronic Disease Management

2.1. Diabetes Management

Wearable devices have become instrumental in managing diabetes, particularly in the monitoring of blood
glucose levels. Continuous glucose monitoring (CGM) systems [3] are an example of medical-grade
wearables similar to the one shown in figure 1 and figure 2 below provide real-time data on glucose
fluctuations, helping individuals with diabetes manage their condition more effectively. These devices,
such as the Dexcom G6 and Abbott’s FreeStyle Libre, automatically track glucose levels and alert users
when their blood glucose is too high or low, enabling timely interventions.

Continuous Control
Glucose Sensor _ _ Algorithm

D

Insulin
Pump

B

Figure 2: CGM with insulin pump [27]

Additionally, wearables paired with mobile apps [4] can offer insights into how lifestyle factors such as
diet and exercise impact glucose control. This allows for more personalized management, reducing the
risk of complications such as diabetic ketoacidosis or hypoglycemia. Integration of Al with smart devices
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like smartphones and CGMs helping [5] the CGM to be effective with new insights processing larger
volumes of data and learning new insights about the patients’ health situations. Ahmed et al, conducted a
study on type 1 and type 2 diabetes patients, the use of ML algorithms achieving high level of accuracy in
predicting and providing the insights with treatment plans [6].

2.2. Cardiovascular Disease Management

Though rates of CVD deaths globally have fallen in the last three decades, this trend has begun to stall
and, without concerted efforts, is at risk of reversing. More than half a billion people around the world
continue to be affected by cardiovascular diseases, which accounted for 20.5 million deaths in 2021 —
close to a third of all deaths globally and an overall increase on the estimated 121 million CVD deaths [7].
For individuals with CVD, wearables offer the ability to monitor key metrics such as heart rate, blood
pressure, oxygen saturation, and electrocardiograms (ECG) [8]. There are several devices in the market
that are considered as wearable devices for CVD with different functionality. Table 1 shows the details of
a few of those [8].
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Product
Part of the : .
bod Type of device name Parameters monitored
y examples
Headbands Muse Pulsea
Head Eyewear Instabeat Sleep
Ringb Oura Ring Pulse
. Motiv Ring | Blood pressure
Finger - —
Physical activity
Sleep
Watch Apple Watch | Pulse
Wristband Fitbit Blood pressure
. Braceletb Moov Now | Physical activity
Wrist - -
Single-lead ECG (with other-
hand finger)
Sleep
Any type of ECG (single-lead or
Patch Lief multichannel)
Chest Garment (e.g., T-shirt, Hear_tm Fit
vest) T-shirt Heart rate
Necklaceb Leaf Sleep
Chest strap Zephyr Respiratory rate

Table 1: wearable devices with on parts of the body and their intended functionality, data source

[8]

Devices like the Apple Watch and Fitbit have integrated ECG sensors that can detect irregular heart
rhythms, such as atrial fibrillation (AFib), providing early warning signs to users. Early detection of
arrhythmias can prevent life-threatening events like strokes and heart attacks [8].
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Wearables also assist with managing hypertension by tracking blood pressure throughout the day, which
can be crucial for tailoring medication regimens and adjusting lifestyle changes. Remote monitoring of
heart function via wearables helps patients and clinicians track progress and adjust treatments in real-time,
leading to improved long-term outcomes.

Dhingra et al, conducted a survey with the sample data of 9193 participants out of which 25.8% of the
participants reported to use wearable devices for CVD management. It is estimated that among the
individuals at risk for CVD only 1 out of 4 use wearable devices [10]. Smart wearables generate a lot of
data through sensors and use software algorithms to model the data and produce insights [11]. There is
consumer, medical, and research grade wearables available. Medical grade wearables are the one that are
FDA controlled and used with a prescription by a doctor and they are made with multiple functionalities.
There are several sensing modalities used in wearables, some of them are: Accelerometry sensors
measures the acceleration of an object through capacitive effects examples are wrist watches.
Photoplethysmogram, which measures changes in blood volume example like pulse oximetry.
Electrocardiogram (ECG) captures the propagation of electrical action potentials in the heart. Continuous
glucose monitor (CGM) measures glucose levels in the body in a real-time through a sensor under the skin
[12]. The huge volume of data generated by these wearable devices requires intelligent algorithms and the
computational power to generate meaningful insights. There are several ML algorithm types which serves
different purpose can be applied on this data to generate different predictions and treatment plans for the
patient. Figure 3 represents the different smart wearables for detection of CVD [13].

Smart Ear Devices Smart Eyeglasses

Smart Wristbands Smart Helmets
Smart Watches

Smart Patches

Smart Rings Smart Garments

Smart Belts

Smart Footwear

Figure 3: Smart wearables to detect CVD, Figure source [13]

2.3. Respiratory Disease Management

Chronic respiratory diseases such as chronic obstructive pulmonary disease (COPD) and asthma can
benefit from wearable devices that monitor respiratory rate, oxygen levels, and lung function. Wearables
that measure SpO2 (oxygen saturation) and provide real-time feedback can be used to detect early signs
of exacerbation, allowing for timely intervention before symptoms worsen. For instance, the ResMed
AirView system for COPD helps monitor symptoms and lung function from a distance, enabling
healthcare providers to provide proactive care. The COVID-19 has set the new record the way COPD
needs to be treated with remote monitoring [14].

Al algorithms can help find COPD early. Specifically, deep learning can look at chest X-rays, CT scans,
and MRI images to spot lung issues like pneumonia or cancer. Al finds patterns that doctors might not
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see. It can also check medical records and lab results to figure out who is more likely to get diseases such
as COPD or asthma. This early detection allows for better management. Devices like smart inhalers or
respiratory monitors can track lung function in real time [14]. They gather data on breathing patterns and
oxygen levels, which Al analyzes to spot early signs of worsening conditions. Al aids remote consultations
by reviewing patient data and giving insights to doctors, thus making virtual care better, especially in rural
areas. Al can also foresee flare-ups of asthma and COPD by looking at daily monitoring data, like coughs
or shortness of breath [15]. This warning system helps doctors act before problems escalate, possibly
avoiding hospital stays.

Additionally, some wearables include smart inhalers that track medication usage and ensure adherence to
prescribed therapies. These devices can improve self-management and reduce hospitalizations for
individuals with chronic respiratory conditions [16].

2.4. Physical Activity and Weight Management

Many chronic diseases, such as obesity, type 2 diabetes, and cardiovascular conditions, can be improved
through regular physical activity. Wearable fitness trackers, such as those from Garmin, Fitbit, and
Whoop, monitor activity levels, exercise intensity, and sleep patterns, helping individuals stay on track
with their health goals. These devices provide personalized recommendations based on individual health
data, which can enhance motivation and encourage long-term lifestyle changes [17].

Wearables can also track diet and caloric intake through integration with nutrition apps, offering a holistic
approach to managing conditions related to poor diet and sedentary lifestyles [18].

3. Role of Wearable Devices in Chronic Disease Management

Wearable devices are tools for health monitoring that people wear. They gather data in real-time, like heart
rate, blood pressure, blood sugar, activity levels, sleep patterns, and more. These devices allow for ongoing
tracking and give important information about the health of individuals with long-term conditions. The
use of wearable devices in managing chronic diseases can be broken down into several main areas:

3.1 Real-time Monitoring and Early Detection

Wearable devices mainly monitor the body's status continuously, making it easier to spot any problems or
signs related to chronic diseases early. Al and ML algorithms help process this information to find
irregular patterns, which can signal potential health issues or complications. For example, Continuous
Glucose Monitors (CGMs) for diabetes give instant blood sugar readings, letting Al systems foresee low
or high blood sugar events, alerting patients beforehand.

3.2 Predictive Analytics

Al and ML analyze large datasets from wearables to foresee how chronic diseases may progress and how
effective treatment might be. These predictive models can notice patterns that may be missed otherwise,
allowing doctors to act before serious issues arise. For instance, machine learning can foresee heart
problems by looking at heart rate changes, ECG data, and activity tracked by wearables.

3.3 Personalized Treatment Plans

Using Al with wearable devices allows for customized treatment plans for patients. By looking at personal
data, like genetics, lifestyle, and medical history, Al can suggest personalized recommendations for
medications, exercise, diet, and lifestyle changes. In treating high blood pressure, wearables with Al could
suggest specific workout routines, monitor medication usage, and estimate how patients will react to
medication changes.
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3.4 Remote Patient Monitoring (RPM)

Wearable devices let healthcare professionals monitor patients’ health from afar in real-time. This cuts
down on the need for office visits and helps in better managing chronic illnesses. Al analyzes the collected
data and picks out issues, enabling doctors to step in when needed. Devices with ECG functions can send
heart data to doctors immediately, aiding in the remote management of patients dealing with heart issues.

4. Al and ML Applications in Wearable Devices for Chronic Disease Management

Al and ML technologies are important for making wearable devices better in handling chronic diseases.
These technologies look at complex data from wearables to give useful insights. The next parts explain
the main Al and ML uses in wearable devices:

4.1 Real-time Data Processing and Decision Making

Al models used with wearable data can examine health signs as they happen and give useful feedback to
patients and healthcare professionals. These systems can spot issues, like abnormal heartbeats or sudden
glucose changes, and send alerts for prompt action. Wearables powered by Al for heart disease patients
can study electrocardiograms (ECGs) and heart rate data, finding irregularities and notifying both the
patient and their doctor right away [23].

4.2 Machine Learning for Predictive Analytics

Machine learning algorithms are widely used in predictive analytics to anticipate disease progression and
prevent complications. These algorithms can identify patterns in health data that correlate with disease
exacerbations and recommend preventive measures. Example, Machine learning models applied to
respiratory disease data (e.g., COPD) can predict exacerbations based on daily measurements of lung
function, activity, and environmental factors. Many types of ML algorithms can be used for a variety of
data.

Supervised Learning Algorithms such as Decision Trees are utilized for classification tasks, like
determining if a user has specific health issues using data from heart rate, movement, or temperature. They
also assist in recognizing activities. Random Forest enhances prediction strength, particularly in areas like
classifying activities and detecting health anomalies. Support Vector Machines (SVM) are commonly
employed in wearables for categorizing various activities (like walking, running, cycling) or for spotting
health-related patterns. K-Nearest Neighbors (KNN) is engaged in real-time monitoring to classify or
predict activities by comparing them with past data. Linear Regression is used to anticipate continuous
outcomes, like step counts or heart rate, drawn from wearable sensor data [12].

Unsupervised Learning Algorithms, such as K-Means Clustering, are applied in wearables to discover
patterns and group similar actions or behaviors without needing labeled data. For instance, this can involve
analyzing daily routines to tailor recommendations. Principal Component Analysis (PCA) is effective for
lowering data dimensions from wearables, such as sensor data from accelerometers or heart rate monitors,
while maintaining key information. Autoencoders are often employed for detecting anomalies or
extracting features from continuous data collected from wearables. They can uncover unusual patterns in
health information, like irregular heartbeats or movement anomalies [12].

Deep Learning Algorithms, like Convolutional Neural Networks (CNNSs), are frequently used to handle
time-series data from wearables, especially for recognizing activities or spotting patterns in physiological
data such as ECG or PPG. Recurrent Neural Networks (RNNSs), particularly Long Short-Term Memory
Networks (LSTMSs), are used for forecasting time-series data and sequential information like heart rate,
sleep patterns, or step counting. RNNs aid in predicting future conditions by analyzing past data, thus
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benefiting predictive health monitoring. Deep Neural Networks (DNNs) are applied to both classification
and regression tasks, such as forecasting disease development or identifying activities from sensor data in
wearables [12].

4.3 Al for Customized Health Interventions

By connecting Al with wearable data, doctors can deliver tailored interventions based on a person's health
trends. Customized care leads to better treatment adherence and patient involvement, which results in
improved health results. Devices using Al for diabetes care can provide personalized recommendations
for diet changes or insulin amounts based on data from wearables and feedback from patients.

5. Limitations of Wearable Devices

Wearable devices have potential in managing chronic diseases, but there are still challenges:

5.1 Data Accuracy and Reliability

Wearable devices must provide good and reliable data for AlI/ML systems to make precise predictions.
Problems with calibration, sensor quality, and interference can impact data reliability, causing wrong
conclusions that may negatively affect patient care. While these devices are becoming more accurate, they
do not always align with clinical-grade equipment's results. This can result in misinterpretation of data or
incorrect readings, particularly with non-medical-grade wearables.

5.2 Data Privacy and Security

The data from wearables is sensitive, involving personal health information that must be safeguarded
against breaches. Protecting privacy and following regulations like HIPAA (Health Insurance Portability
and Accountability Act) is crucial. Gathering and sharing sensitive health data raises significant issues
about privacy and security. It is vital to ensure that data is transmitted and stored securely to protect
patients’ personal information.

5.3 User Engagement and Adherence

Wearable devices need patient participation for best use, but many patients may tire or lose interest in
wearing and interacting with these devices continuously. Non-adherence or misuse limits their
effectiveness. Users must regularly wear and engage with the devices for optimal performance. Lack of
compliance in using the device or entering data can prevent accurate assessments and recommendations.

6. Future Directions

6.1 Predictive Health and Prevention

As Al and ML tech gets better, being able to predict and stop chronic diseases before they show up will
matter more. Wearable devices could find early signs of diseases like cancer, diabetes, or Alzheimer’s,
which means we could help people sooner.

6.2 Personalized Medicine

Wearables with Al could mix genetic, environmental, and lifestyle information to create personal
treatment plans. Using wearable tech for personalized medicine will help make targeted treatments for
each person, making them more effective and safer.

6.3 Managing Multiple Conditions

Future wearables may help manage a number of chronic diseases at the same time. Al models will need
to look at data from various places and think about how different diseases and treatments affect each other.
6.4 Cloud and Local Computing

The next generation of Al wearables will probably use cloud computing for data storage and local comp-
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uting for quick analysis. Local computing will let wearables deal with data right on the device, cutting
down waiting time and giving quick responses.

6.5 More Medical-Grade Wearables

As wearable tech improves, we expect to see more medical-grade devices that can track different health
measures. These wearables might include sensors to find signs of inflammation, hormones, or metabolic
issues, creating new options for managing diseases.

6.6 Shift to Preventive Health

Though wearables have mostly focused on managing diseases, more people are looking into their role in
preventive health. Keeping an eye on lifestyle factors like exercise, diet, and sleep could help people spot
risks before they turn into chronic issues, encouraging earlier action and better habits.

7. Conclusion

Wearable devices have proven to be valuable tools in the management of chronic diseases, offering real-
time monitoring, personalized insights, and remote healthcare capabilities. The integration of Al and ML
into these devices is enabling better disease management through real-time analytics and decision-making.
Advancements in Al, precision medicine, and predictive analytics will unlock new possibilities for disease
prevention, personalized care, and multimorbidity management. With the continued development of Al
and ML algorithms, wearable devices have the potential to significantly improve outcomes for individuals
with chronic diseases, enhancing their quality of life and reducing healthcare costs. Al-driven wearables
are set to revolutionize CDM by enhancing real-time data collection, improving patient safety, reducing
costs, and ensuring higher-quality, more accurate data for clinical trials. Despite challenges such as
accuracy, data privacy, and accessibility, the continued advancement of wearable technologies has the
potential to revolutionize the way chronic diseases are managed. With future advancements in Al
integration, medical-grade advancements, and broader accessibility, wearable devices could play a pivotal
role in improving patient outcomes and reducing healthcare burdens globally. By empowering patients
with continuous data and personalized recommendations, wearable devices are helping to transform the
healthcare landscape, making disease management more proactive, efficient, and accessible.
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