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ABSTRACT

Wearable health gadgets, from simple pedometers to advanced smartwatches and biosensors, have undergone significant evolution in recent years.
Originally designed as fitness trackers that measure steps, distance, and heart rate, these devices have evolved into potent instruments that aim to
transform personal health management. Innovations like real-time heart monitoring, sleep tracking, and electrocardiogram (ECG) data have
become more accessible, enabling people to manage and comprehend their health with unparalleled simplicity. With the global market for wearable
technology anticipated to surpass $100 billion by the end 0f 2024, a pertinent inquiry emerges: are these devices genuinely transformational health
instruments, or are they overhyped gadgets capitalizing on technological enthusiasm? This review article analyzes the efficacy and constraints of
wearable health gadgets, investigating their actual impact on health outcomes vs merely catering to consumer interest.
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INTRODUCTION:

The wearable devices market has had consistent growth in 2024, with
global shipments up by 8.8% year-over-year in the first quarter. Mid-
range and value-oriented devices are primarily driving this rise, as
advancements in premium innovations have slowed down. Consumers
are increasingly gravitating towards inexpensive brands, particularly
in emerging economies where indigenous companies such as Xiaomi
and Imagine Marketing have achieved considerable success.'

The healthcare sector is increasingly integrating wearable technology
into patient care. Smartwatches monitor heart rate, glucose levels, and
several essential health parameters. This has improved remote patient
monitoring, particularly for chronic condition management, although
issues persist in managing the extensive data produced. *

Experts predict a rise in the wearables market, particularly in the
healthcare sector, where medical-grade wearables could potentially
reach a valuation of $70 billion by 2028. The demand for self-
monitoring gadgets among consumers continues to be robust. '

Nonetheless, despite the increase in usage, many reports indicate a
possible deceleration in new consumer adoption, with a significant
portion of the growth attributed to existing customers upgrading their
devices. Health wearable devices exist in diverse formats, each
tailored for particular health monitoring and wellness objectives. Table
1 lists the primary categories.

Table 1: Types of wearable devices available for health monitoring

S.no |Category Examples

1 Smartwatches Apple Watch and Samsung Galaxy
Watch.

2 Fitness Trackers Fitbit Charge, Garmin Vivo Smart,

and Xiaomi Mi Band.

Dexcom G6 (Continuous Glucose
Monitor), Omron Heart Guide (blood
pressure watch).

Kardia Mobile, by AliveCor.

3 Medical-Grade
Wearables

4 Wearable ECG
Monitors
5 Wearable Biosensors [ WHOOP Strap, Oura Ring.

6 Smart Clothing Hexoskin Smart Shirts and Sensoria
Smart Socks.

7 Smart Glasses and  |Google Glass (Enterprise Edition)
Headsets and Muse (headbands for meditation).

8 Hearing aids and Bose headphones and Nuheara
earbuds 1Qbuds.

9 Implantable health wearable devices

a. Implantable
cardiac devices

Pacemakers, Implantable
Cardioverter Defibrillators (ICDs).

b. Continuous
Glucose Monitors
(CGMs)

¢. Neurostimulators

Ever sense by Senseonics.

Deep Brain Stimulation (DBS)
devices, spinal cord stimulators.
d. Cochlear Implants |-
e. Implantable Drug |Insulin pumps, morphine pumps for
Delivery Systems pain management.

f. Bioelectronic Vagus Nerve Stimulators (VNS).
Medicine

g. Smart pills

Proteus Digital Health.

Wearable health devices: features and capabilities

The variety of wearable health devices currently accessible has
expanded considerably, with technology facilitating increasingly
specialized features. What began with basic step counts has evolved to
encompass advanced biometrics capable of monitoring diverse facets
of physical and mental health. Some of the most prevalent
characteristics provided by contemporary wearables are listed below.

1. Heart Rate Monitoring: Heart rate tracking is popular in
wearables. The Apple Watch and Fitbit track heart rate, providing
valuable information about resting heart rate, activity intensity, and
stress. Modern devices use heart rate data to gain physiological
information beyond beats per minute.

Heart Rate Variability (HRV): The time fluctuation between
heartbeats indicates autonomic nervous system function. HRV
increases cardiovascular health, stress reduction, and resilience.
VO2 Max Estimation: We use the peak oxygen consumption during
intense exercise to assess cardiovascular fitness. Wearables that
estimate VO2 Max help users understand their endurance and adjust
their workout.

These data points could indicate heart problems and aid cardiovascular
health management.

2. Sleep Tracking: Earlier sleep trackers only measured sleep time,
but modern devices like the Oura Ring and WHOOP evaluate many
stages (deep, light, and REM), provide insights on sleep quality, and
discover patterns.

REM, Light, and Deep Sleep Stages: WHOOP and Fitbit define sleep
stages to help users assess their sleep quality. Comprehending sleep
stages such as deep sleep, associated with memory consolidation and
muscle rehabilitation, could potentially enhance health.
Sleep Disruption and Recovery: Current devices monitor the
frequency of nocturnal awakenings or transitions into lighter sleep
stages, potentially aiding in the diagnosis of sleep apnea, a condition
that may remain undetected during traditional medical exams.
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Obesity, diabetes, and cardiovascular disease are associated with sleep
deprivation. 4

3. Electrocardiogram (ECG): Apple Watches can detect irregular
heart rhythms like atrial fibrillation using their ECGs. Wearable
biosensors like the Bio Strap or Zio Patch track the heart's electrical
activity continuously, advancing the ECG idea and providing data for
remote diagnosis. ’

4. Blood Oxygen Monitoring: SpO2 sensors can diagnose sleep
apnea and early lung disease by measuring blood oxygen saturation.
For respiratory illnesses suchas ~ COVID-19, maintaining oxygen
levels was crucial.*

5. Glucose Monitoring: Diabetes patients can use Freestyle Libre and
Dexcom G6 CGM devices. These real-time blood glucose monitors
alert users to high or low sugar levels, preventing diabetes
complications.’

6. Stress and Recovery Metrics: WHOOP and Fitbit measure stress-
related physiological indicators like HRV. Devices use heart rate
variability (HRV) to indirectly measure stress, identifying periods of
low variability as stress. Wearables can provide a complete emotional
picture when combined with resting heart rate and sleep disturbance
data. The Apple Watch delivers structured breathing exercises, while
WHOOP recommends recovery based on physical activity and sleep
quality. These elements recognize the link between mental and
physical health and indicate a shift toward improving emotional and
mental health.*

The Challenges And Limitations Of Wearable Health Devices
Despite their many benefits, wearable health devices are not without
limitations. Despite their promise, some critics argue that they may not
be as transformative as they claim to be, necessitating the resolution of
several key challenges.

1. Accuracy and Reliability of Data: Wearables can now provide
real-time health indications, although concerns remain about their
accuracy. Wearables can measure resting heart rate, but they may not
be accurate during vigorous exercise. Skin tone, sweat, and device fit
might cause data collection inconsistencies. Clinical-grade tools may
monitor blood oxygen better than wrist-worn devices.
Misinterpretation of medical diagnostic data might cause unwarranted
alarm or, worse, false reassurance.

Consumer wearables attempt to define sleep stages, but their sensors
are much less accurate than polysomnography, the standard for sleep
studies. Many wearables use accelerometers and heart rate to classify
sleep stages, which may misclassify deep, light, and REM sleep. *

2. Data Overload and Misinterpretation: The average user may
struggle to understand the data from wearable health gadgets. Despite
some wearables providing simplified analytics, the volume of data
may overwhelm many consumers. Too many health measurements can
cause "data fatigue," leaving users unsure how to use the data. Without
medical help, people may misinterpret short-term patterns, causing
stress or lifestyle changes. A small change in heart rate or blood oxygen
levels may be harmless, but without proper information, it may
indicate a serious health issue.’

3. Privacy and Data Security: Wearable devices collect sensitive
health data, prompting privacy concerns. Despite corporations'
assurances about data encryption and security, data breaches have
raised worries about health data storage, use, and sharing. There is
concern that insurance or employers may access this data and
discriminate. As wearable health technology grows, protecting
personal health data is crucial.

Who owns the data from wearable devices? This question is crucial to
consider when analyzing technology-healthcare interactions, as it may
lead to the exploitation of personal data without consent.
Data Breach: Health trackers that are connected to Wi-Fi or Bluetooth
are susceptible to hacking. Third-party exploitation of personal health
information may include healthcare discrimination or health-related
targeted marketing. *

4. Cost and Accessibility: Despite the falling cost of wearable health
devices, the Apple Watch and Oura Ring remain too expensive for

some. Some chronic illness-management features, such as continuous
glucose monitoring, need expensive subscriptions or medical supplies.
This affects marginalized communities' access to wearable health
equipment. Wearable health technology may worsen health disparities.
Affluent people benefit more from early diagnosis, disease
management, and targeted health insights, worsening disparities for
vulnerable communities.’

5. Limited Clinical Integration: Wearables provide rich personal
health data, but integrating it into clinical practice is difficult. Many
healthcare professionals cannot analyze wearable device data, and
there is no standard technique for incorporating it into EHRs.
Wearables must bridge consumer health technology and clinical
healthcare to change healthcare delivery. Standardize and integrate
wearable data into patients' EHRs to impact clinical decision-making.
This is rare; thus, doctors may be reluctant to recommend treatments
based on unvalidated consumer data.

Many wearables, like the Apple Watch's ECG capability, have FDA
certification, but most don't meet medical-grade standards. Clinical
practice will limit wearables until they receive validation. "

Wearable Health Devices: The Future of Healthcare or a Passing
Trend?

Wearable health devices have shown tremendous potential in
improving personal health management, early disease detection, and
chronic disease management. However, whether they will fully realize
this potential depends on overcoming the limitations mentioned above,
particularly in terms of accuracy, accessibility, and clinical integration.

1. Artificial Intelligence And Machine Learning Integration:
Wearable health gadgets will likely include Al and ML in the future. Al
could provide more accurate and personalized health insights by
analyzing wearable data. Machine learning algorithms can identify
heart rate variability, physical activity, and sleep patterns that may
predict illness or suggest health improvements. Al can help consumers
understand complex data by delivering actionable insights instead of
mere information.

Continuous data streams could help Al predict health events like
myocardial infarctions and asthma exacerbations. Predictive models
can help users avert minor physiological changes with anticipatory
guidance. Instead of only tracking steps or heart rate, future wearables
may use sleep, stress, and fitness data to make holistic health
recommendations. Artificial intelligence could help people choose the
best rest, exercise, and medication times for their physiological
demands. "

2. Greater Focus on Disease Prevention and Public Health: As
wearable health technology improves, healthcare can shift from
treatment to prevention. Wearables monitor vital health factors to
detect abnormalities before they escalate, reducing healthcare costs
and facilitating early intervention. Wearables can also help public
health initiatives track disease transmission, lifestyle factors, and
population health by providing anonymized health data to researchers.
Researchers used wearables to study how COVID-19 affected resting
heart rates and sleep patterns. This data may help identify public health
emergencies early.

3. Collaboration Between Tech Companies and Healthcare
Providers: The success of wearable health devices depends on better
collaboration between technology companies and healthcare
providers. Technology companies must engage with healthcare
providers to make wearable data clinically useful, reliable, and easily
integrated into the healthcare system. Creating tools that let doctors
easily examine wearable data will boost clinical adoption. This would
link personal health monitoring to clinical diagnoses.

Technology companies may work with hospitals and healthcare
providers to integrate wearable data into healthcare systems to
improve patient-physician communication. If healthcare
organizations collaborate and establish industry standards for
wearable health data, wearable technology could become crucial to
preventative care and chronic illness management. ’

Conclusion: Transformational Tools or Overhyped Gadgets?
Overall, wearable health gadgets are useful for fitness tracking,
chronic illness management, and early health detection. Some users
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use these devices to make life-saving discoveries, while others utilize
them to encourage healthy practices. They are a potential healthcare
disruptor due to their real-time health monitoring and personalized
data.

Wearables have limitations. We must address data accuracy, user
understanding, privacy, and accessibility for these gadgets to
transcend consumer electronics. Additionally, integrating wearable
data into therapeutic settings remains difficult. Healthcare
professionals will not fully realize the revolutionary potential of
wearables until they can use them for medical decision-making.

In the future, Al, clinical validation, and healthcare professional
engagement may consolidate wearables' role in preventative medicine.
Consumer electronics may become health monitoring systems that
help people live longer. As technology advances, exaggerated
gadgetry may form the foundation of future healthcare systems.

Wearable health gadgets are on the verge of significant transformation.
They possess the capacity to transform not only our health monitoring
practices but also our strategies for wellness, illness prevention, and
medical care.

REFERENCES:

1. Walter JR, Xu S, Rogers JA. From lab to life: how wearable devices can improve health
equity. Nature Communications. 2024;15(1).

2. Dias D, Paulo Silva Cunha J. Wearable Health Devices-Vital Sign Monitoring, Systems
and Technologies. Sensors (Basel). 2018;18(8):2414.

3. Lukowicz P, Kirstein T, Troster G. Wearable Systems for Health Care Applications.
Methods of Information in Medicine. 2004;43(03):232-238. doi:10.1055/s-0038-
1633863

4. Dias D, Paulo Silva Cunha J. Wearable Health Devices-Vital Sign Monitoring, Systems
and Technologies. Sensors (Basel). 2018;18(8):2414.

5. Miller EM. Using Continuous Glucose Monitoring in Clinical Practice. Clin Diabetes.
2020;38(5):429-438.

6. Kaplan DM, Greenleaf M, Lam WA. Wear With Care: A Call for Empirical
Investigations of Adverse Outcomes of Consumer Health Wearables. Mayo Clinic
Proceedings Digital Health. 2023;1(3):413-418.

7. Sultan N. Reflective thoughts on the potential and challenges of wearable technology for
healthcare provision and medical education. International Journal of Information
Management. 2015;35(5):521-526.

8. Kumari V, Hook SA. The Privacy, Security and Discoverability of Data on Wearable
Health Devices: Fitness or Folly? In: Lecture Notes in Computer Science. ; 2017:50-64.

9.  Zinzuwadia A, Singh JP. Wearable devices—addressing bias and inequity. The Lancet
Digital Health. 2022;4(12):e856-¢857.

10. Pawar MV, Pawar P, Pawar AM. HealthWare telemedicine technology (HWTT)
evolution map for healthcare. In: Elsevier eBooks. ;2022:17-32

11.  Lu, L., Zhang, J., Xie, Y., et al. Wearable Health Devices in Health Care: Narrative
Systematic Review. JMIR mHealth and uHealth.2020; 8(11):¢18907.

12.  Walter JR, Xu S, Rogers JA. From lab to life: how wearable devices can improve health
equity. Nature Communications. 2024;15(1).

| 40 |—| International Journal of Scientific Research I




