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Abstract

Embarking on a journey into the future of healthcare shaped by technological advances and the impact of the COVID-19
pandemic, we delve into the transformative landscape shaped by the integration of wearable technology, medically regulated
devices, and advanced software. The ability to offer consumers unprecedented access to vital signs, advanced biomarkers, and
environmental data enables a host of new capabilities to fill gaps in existing knowledge and permit individualized insights and
education. Continuous monitoring enables individualized insights, emphasizing the need for a re-definition of health and human
performance that is de-centralized, dynamic and personalized. The challenge lies in managing the massive amounts of
continuous wearabl e data, necessitating new definitions of health data and secure practices.

The COVID-19 pandemic has accelerated the adoption of digitized consumer-facing diagnostics and software, transforming the
traditional patient role. Consumers now have the tools to identify and understand an impending or existing disease state before
they encounter traditiona healthcare delivery health systems, making self-diagnosis commonplace. This shift empowers
consumers to actively participate in their health, contributing to a new era where patients are in control of their well-being, from
wellness to disease.

Physicians in 2024 will engage with more informed and educated consumers, leveraging advanced analytic tools for diagnostics
and streamlined patient management. Wearable devices play a pivotal role in enhancing patient engagement, while virtua reality
and tailored software can be utilized by physicians to offer immersive learning experiences about conditions or upcoming
procedures. Clinician decision support models and virtual care solutions will contribute to recruiting and maintaining healthcare
providers amidst a growing workforce shortage. Healthcare delivery organizations are transforming to improve outcomes at a
lower cost, with partnerships with digital technology companies enabling innovative care models.

2024 marks a historic moment where digital health and human performance solutions empower consumers to actively participate
in their care. Physicians embrace digita tools, fostering richer patient partnerships, while healthcare organizations seize
unprecedented opportunities for multi-location care delivery, addressing cost, workforce, and outcome challenges.
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Health Care 2024: How Consumer Facing Devices Change Health Management and Delivery
Abstract

Embarking on a journey into the future of healthcare shaped by technological advances and the
impact of the COVID-19 pandemic, we delve into the transformative landscape shaped by the
integration of wearable technology, medically regulated devices, and advanced software. The ability
to offer consumers unprecedented access to vital signs, advanced biomarkers, and environmental
data enables a host of new capabilities to fill gaps in existing knowledge and permit individualized
insights and education. Continuous monitoring enables individualized insights, emphasizing the need
for a re-definition of health and human performance that is de-centralized, dynamic and
personalized. The challenge lies in managing the massive amounts of continuous wearable data,
necessitating new definitions of health data and secure practices.

The COVID-19 pandemic has accelerated the adoption of digitized consumer-facing diagnostics and
software, transforming the traditional patient role. Consumers now have the tools to identify and
understand an impending or existing disease state before they encounter traditional healthcare
delivery health systems, making self-diagnosis commonplace. This shift empowers consumers to
actively participate in their health, contributing to a new era where patients are in control of their
well-being, from wellness to disease.

Physicians in 2024 will engage with more informed and educated consumers, leveraging advanced
analytic tools for diagnostics and streamlined patient management. Wearable devices play a pivotal
role in enhancing patient engagement, while virtual reality and tailored software can be utilized by
physicians to offer immersive learning experiences about conditions or upcoming procedures.
Clinician decision support models and virtual care solutions will contribute to recruiting and
maintaining healthcare providers amidst a growing workforce shortage. Healthcare delivery
organizations are transforming to improve outcomes at a lower cost, with partnerships with digital
technology companies enabling innovative care models.

2024 marks a historic moment where digital health and human performance solutions empower
consumers to actively participate in their care. Physicians embrace digital tools, fostering richer
patient partnerships, while healthcare organizations seize unprecedented opportunities for multi-
location care delivery, addressing cost, workforce, and outcome challenges.
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Introduction

After nearly 15 years of commercial availability, consumer facing wearable devices are owned by
one in three Americans and now have medical grade diagnostic technology [1]. Since the COVID-19
pandemic especially, these devices have exploded in popularity, offering the average consumer basic
information about their health and habits. Medically regulated devices like wearable continuous
glucose monitors, which are FDA approved for diabetic management, also have great potential to
provide unique insights into metabolism for non-diabetics [2]. These technologies have arisen in
response to unmet needs, and the pandemic accelerated the development of these solutions with the
need for remote, portable, and medically viable technology. This year, wearable devices and user-
facing software will bring unprecedented health and human performance data and insights to the
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public, all occurring outside of medical facilities. These advanced capabilities, now available for
health and human performance needs, mirror a broad societal shift reflecting consumer expectations
for digital access to personalized data across finance, entertainment, and other commerce [3]. These
sectors have been transformed by digital innovation creating novel products and workflows. The
consumer benefits include efficient and immediate access to information, products, and cost
transparency. This paper explores how digital transformation driven by wearable consumer
technology, medically regulated devices, and modern-day software both challenge and redefine the
traditional role of the patient, physician, and health care delivery organization.

What, How and Where We Measure Blurs the Lines Between Health and Disease

In 2024, vital signs like heart rate and rhythm, blood pressure, body temperature, and oxygen
saturation are available to consumers from a single wearable device [4]. Emerging technology like
vital signs from a face photo application on a smartphone are on the horizon, promising quicker, less
invasive testing [5]. Compact devices embedded with activity tracking and sleep sensors are also
capable of providing balance and fall information, continuous and peak oxygen consumption, sound
exposure, and environmental safety tracking, enabling a host of new capabilities that can fill in gaps
in existing knowledge. The ability to track the earliest risk of a disease state with a novel toolkit of
digital biomarkers that establish baseline behavior and can measure improvement and degradation
permit individualized insights [6]. Integration of ambient environmental data like temperature, air
quality and violence — all recognized to impact health — provide the opportunity to mitigate risk. In
addition to continuous glucose sensing, continuous lactate and ketone sensing will provide data and
insights into the relationship between nutritional content, activity, and recovery (Figure 1) [7].

Asynchronous On Demand

Hospital at Home Health Care Needs
Integrated
EMR Systems

Za\ Monitored ; 0 D : Intelligent
Environmental '| 4: Alerts + Insights
Smart Phones + Wearables ,':

Accessible
Home Comfort, Privacy + Security

Figure 1. Interconnectivity of wearables and devices with the environment, health care systems, and
individuals.

At the USC Center for Body Computing, our digital research software platform is capable of

continuous assessment of self-reported psychological state and can dynamically measure cognitive
status [2]. These datasets, when integrated, provide measures of holistic health and help to drive a
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deeper understanding of their relatedness, in the moment or as a trend, so as to provide each
individual not only data, but also insights into how to make the best health and human performance
decisions (Figure 2). Because these tools are measuring the consumer continuously, the line between
health and disease states blurs, requiring a re-definition of health and human performance that is
much more individualized and dynamic. This “de-siloing” of health and disease presents significant
challenges for a health care system built and defined largely by what happens inside of a medical
facility to sick patients. In the past few years, health care has begun to shift away from the hospital
environment and into patients’ homes, leading to the rise of new paradigms to match this change.

Insights Insights

COGNITIVE
Glucose

112

Memory Map

225

Sleep Quality

3

Color Focus
135

PERFORMANCE

CHECK-INS
Move

Glucose

Stand

Sleep Quality

3 Total Energy

Figure 2. Sample measurements taken from the USC Center for Body Computing Lightning
application. Results are comprised of physiologic data from wearables and sensors, alongside self-
assessment and survey data.

Data collection, storage, integration, and analysis is one of the opportunities and challenges faced in
provisioning the new health and human performance care. Security in data, device and software
design, and implementation all require new definitions of what constitutes health data and secure
practices. Data existing in Electronic Medical Records will be dwarfed by the massive amounts of
continuous wearable data generated at the level of individuals. How to confidentially secure and
interoperate that data to benefit discovery and care for the consumer as well as traditional and non-
traditional health care provision will require serious work and the leveraging of new tools like large
language models and machine learning, that are themselves, incompletely understood [8].
Digitization, Health Care Consumerism, and the Patient

The word patient, a label provided to people who encounter bricks and mortar health care facilities
with or seeking a diagnosis, has a meaning deeply associated with an illness. The COVID-19
pandemic necessitated and accelerated use and understanding of the benefits of digitized consumer
facing diagnostics and software. The spectrum of issues surrounding the pandemic expanded our
understanding of the utility and scope of use of connected technology and consumer facing
diagnostics [9]. COVID-19 pandemic management went beyond detecting the presence of infection.
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Technology was used to track the progression to an infected status through serial testing, while the
recovery period required testing, symptom management, and the requirement to continuously
monitor health status for recurrence and infectivity.

In 2024 and beyond, consumers will have even more tools to diagnose, understand, and manage an
impending or existing disease state before they encounter traditional health care delivery systems.
When consumers eventually seek telehealth-enabled or in-person visits to health care systems, they
will possess a novel type of digital health care literacy and will often arrive with a self-diagnosis.
This new health care consumer evolves the traditional patient role, as they will be the ones providing
data to the clinician, and will expect partnership, ongoing communication, and on-going bidirectional
data sharing in their health and human performance care path [10]. Consumer access to large
language model learning models embedded in consumer software will also assist in elevating
consumers’ medical knowledge.

We have developed a library of tailored short-form videos in our own digital health and human
performance software that provides the user immediate access to education surrounding a finding
like hyperglycemia that is tailored toward explaining the concept of insulin resistance and its
management. This type of in-the-moment access to tools and education solves a number of problems
confronting the patient of the past, namely, lack of access to health diagnostics, information, medical
knowledge, and integrated mind and body information. Ultimately, these changes signal a new era of
medicine — one where patients are more in control of their own health, from wellness to disease, and
physicians and health systems alike have novel opportunities to deliver value-based care, because
they have the insights that come from continuous monitoring and patient engagement [11].

The Assisted Physician and Allied Care Professional

The physician or allied care professional practicing in 2024 will engage with a more informed and
educated consumer, and themselves will have access to a variety of advanced intelligence and
analytic tools to assist in diagnostics and streamlined patient management that integrates consumer-
generated health data [12. Wearable devices that help drive patient engagement and understanding
presents a wonderful opportunity for care providers to ensure that the information, education, and
decision making they provide to patients is retained and updated. Tools like virtual reality headsets
and tailored software can be used to provide patients with immersive learning experiences about
conditions, pre-expose them to a procedure or treatment, and even the post-operative course or side
effects to better prepare them and their caregivers. Given the depleted and growing provider
workforce shortage, novel tools and care models can also help recruit and maintain providers in the
work force. Physicians will not need to be physically tied to a medical workspace to provide virtual
care solutions and can work in multi-disciplinary teams to research and create “anywhere, anytime”
models of care that offer increased flexibility to work schedules [13,14].

Health Care Delivery Organization Transformation

Improving outcomes at a lower cost is a reality for health care delivery organizations in 2024.
Significant partnerships with digital technology companies enable care models such as hospital-at-
home for acute, subacute and rehabilitation care. Early data from these programs indicates improved
outcomes and cost savings for both acute and post-hospitalization recovery programs when they are
delivered in the home [15,16]. Additionally, these novel health care delivery models decompress
hospitals’ acute and chronic care bed requirements and offer staff alternative work schedules and
flows. Integrating consumer-collected digital wearable data can be used to drive a symptomatic or
asymptomatic consumer to seek care for conditions that include cardiovascular, metabolic,
musculoskeletal, infectious, and oncologic care at the earliest moment [17,18]. Preventative care,
informed by engaged patients helping to drive their outcomes, can deliver the value-based care that is
highly dependent on patient behaviors and understanding outside of the confines of a medical center.
Investment in confidential computing models, cybersecurity, and advanced analytics will identify
further opportunities for evolving care and drive opportunities across the spectrum of primary care
and beyond.
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In 2024, traditional health care delivery organizations will also have a host of new companies from
Walmart and CVS to Best Buy and Amazon that will help provision and provide distributed care
models or will compete for primary care visits. Amazon is offering its 200 million Amazon Prime
members for virtual and in-person primary care access for a modest monthly fee [19]. These well-
known newcomers in the health space could be the key to improving access to health care going
forward, eliminating barriers of travel, technological gaps, and infrastructure.

Mass General Brigham has also recently partnered with Best Buy to provide tech support and on-site
care deployment, enabling a more effective home patient monitoring [20]. These changes are
important and will help traditional providers understand how to invest and operate to deliver value-
based care based on what they do best and have the opportunity to partner with others to augment
remote services.

Conclusion

For the first time in history, and at scale, 2024 will be characterized by digital health and human
performance solutions that support consumers to fully participate in their care and drive improved
health care outcomes. Physicians will be able to embrace new digital tools to deliver better care,
enjoy richer patient partnerships, and enhance their health care outcomes. Health care systems that
exist and are emerging will have unprecedented opportunity to deliver multiple levels of care in
multiple locations, solving for needed cost, workforce, and outcome improvements.
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Interconnectivity of wearables and devices with the environment, health care systems, and individuals.
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Sample measurements taken from the USC Center for Body Computing Lightning application. Results are comprised of
physiologic data from wearables and sensors, al ongside self-assessment and survey data.
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