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Introduction

Imagine two people in different neighborhoods.
Shawn has access to good primary care and is
not stressed about money, but is overweight and
has a father who died of heart disease. Marisa is
sleep deprived because of working two jobs and
frequently frustrated she can’t find healthy fresh
food in her neighborhood.

They have different nutrition, fitness levels, DNA, family history,
homes, salaries, education, stressors and access to technology.
But too often health care experiences do not take into account
these important factors about people’s lives that can help enable
highly personalized and preventive care.

Digital patient twin technology that fuses together a wide range
of data sources beyond the traditional medical record — from
wearable sensors to air pollution levels — can forecast the future
health of both individuals and help enable health systems to
provide better care for each. Using predictive analytics, health
systems can identify the points in an individual's life where they
might be at higher risk for developing new conditions or seeing
existing disease progress and intervene in powerful ways to
change the course of a person’s health.

The resulting individualized care path can achieve not only

a better patient experience and engagement, but can bring
guantifiable value for governments and payers, reducing the
burden on the health care system overall. Digital twin technology
holds the potential to make health care more personal, more
effective, more efficient and more equitable.
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Personalized care pathways offer a better health care experience

With the insights possible from digital twin technology, health
systems can tailor each interaction with the patient — from

the first outreach through treatment and post-recovery. For
consumers who are accustomed to personalization in most of
their shopping experiences, they do not want to be treated along
standardized care pathway protocols that treat all patients the
same; they want health care that meets their specific needs,
preferences and personal circumstances.

As in retail, consumer preference data can signal to the health
provider whether they would be most successful contacting

an individual by phone, video chat, text or email. Predictive
analytics applied to demographic, community, socioeconomic
and environmental data sets can help health systems recognize
key obstacles to care for certain individuals and communities.

Other industries already employ similar technology to forecast
journeys for consumers, using public data sets to align to
different personas and make educated choices about how
interactions should be designed to each individual. In health
care, these insights can empower better decision-making for
providers, payers and patients as well.

How a digital twin is created

"Having a digital twin representing somebody allows you to
decide which patients need to be seen in what order,” said
Rachel Dunscombe, CEO of the NHS Digital Academy and
Strategic Digital Advisor to the Northern Care Alliance NHS
Group. “You can really create interventions based on personas
and stratify risk. You put in the right effort in the right place,
and not too much, not too little.”

Health systems can create relevant persona pathways by
inviting patient group representatives to user-centered design
workshops to make sure they reflect the realities of living
with the condition. For example, at one hospital Dunscombe
worked with, the team determined that patients with kidney
failure often face challenges going to school or keeping a job
because of dialysis and other treatments. By equipping them
with home testing kits, telehealth options and access to more
convenient dialysis centers with flexible schedules, some of
those barriers to work and family life were removed. “For us,
that was super impactful. We considered the whole human
impact,” Dunscombe said.

Instead of relying on traditional data collections that are too old, narrow and static, the health ecosystem can create a holistic data
picture of a patient to help enable personalized, real-time and predictive human-centered care.

Clinically-generated data

Commercial real-world health data

Health-suggestive data
(social determinants of health [SDoH] data,
demographically focused)

Consumer digital health device-generated data

Consumer online behavior
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Digital twin technology also can accelerate recoveries if care
teams can identify the points in time when, for example,

a person recovering from a hip fracture should be up and
walking to best avoid negative outcomes that can snowball
to crisis. “That's what really excites me about digital twins:
it's about not wasting time, it's about precision recovery,”
Dunscombe said.

Wearable sensors can be integrated with the digital twins to
produce live data streams that alert clinical teams, caregivers
and the patient when action needs to be taken both inside the
hospital and at home, enabling more exception-based care
management. US-based BiolntelliSense has introduced the
BioButton®, a medical-grade wearable sensor that captures
patient vital signs and feeds the data streams to their care
team, enabling clinicians to identify when new symptoms are
developing or if the patient needs an intervention.?

While digital twins give clinical staff a more holistic vision of
the patient’s potential future health, they also can provide
a vision to the patient. Digital twins present an avenue to

educate the patient and their caregivers about the potential
medications, procedures and quality of life they face, and
involve them in the commitment to change that journey. The
increasing attention toward the metaverse could mean virtual
reality could be used to show individuals their virtual future and
options to choose a healthier path. Often, behavior change can
be the biggest obstacle in improving health. Some new entrants
have emerged to try to address this need, with tools that use Al
to help patients recognize their patterns and earn rewards for
managing chronic disease.?

Of course, all of this hinges on health systems' abilities to
navigate challenges of properly securing patient data not only

to meet requlatory requirements but also to earn the trust of
patients to use their data, especially in regions where consumers
fiercely guard their personal health information. Platforms that
can unite data will have to have strong cybersecurity programs
to keep the data from being improperly accessed or used.
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Personalized care pathways can make health systems more

effective and efficient

Digital twin technology not only allows for better patient
experience but presents opportunities for significant cost
savings for health systems, and for payers, who are looking
for providers to show value for the US$8.8 trillion that is
spent globally each year on health care.? In the US alone,
the pressure is building, as the percentage of GDP devoted
to health is expected to rise from 17.7% in 2018 to 19.7%
by 2028.4

Routing patients to the right care is crucial for the move

to value-based care to make sure the correct resources

are applied to each patient. A recent analysis of 27 million
emergency room visits in the US showed that two-thirds were
avoidable, as the conditions could be treated in primary care
settings, signaling huge opportunity to reduce costs.>Beyond
the health care system itself, wider savings to communities at
large can be quantified in terms of additional quality years to
remain mobile, independent and with family.

Albert Marinez, Chief Analytics Officer for US-based
Intermountain Healthcare, said that to achieve value and better
outcomes, health systems have to surface the right information
to clinicians in ways that do not add burden, but rather empower
them. “We should be proactive at identifying and closing gaps

in care with support from analytics. This should be made

as seamless to the provider as possible. So many solutions
designed to close gaps and make care better actually end up
creating noise and frustration for our provider. But shouldn't
analytics be ‘smart’ enough to filter the noise and surface the
minimum necessary for the maximum results?” Marinez said. "If
we do this right with data and analytics, we can reduce the noise
and enhance the human connection that our providers do best.”

Teams at Intermountain Healthcare created a personalized,
data-driven program to help identify chronic kidney disease
patients earlier in the progression of their disease, stratify
their risk and connect them with care navigators.® In the US, an

The other 80% of data that determines patient health is outside the

medical record
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estimated 90% of those who have chronic kidney disease do
not know they have it as many may be symptom free until
later stages and a blood or urine test is needed to detect it.”
Through the earlier interventions, Intermountain found in the
first year of the program that those first identified in stage

3 of the disease did not progress to dialysis and only 14% of
patients in the program had an unplanned admission.®

Understanding patient needs, lifestyle and preferences
through digital twins can help health systems guide
consumers to the appropriate care. For example, individuals
with diabetes who do not manage their diabetes often end
up developing complications, such as ulcers, heart attacks
and acute kidney failure. The average cost for a patient visit
to the ER for kidney disease is US$1,722, and if that patient
needs to be admitted, the average cost for an inpatient stay
for those with kidney disease is US$17,483.° In 2021, 10.5%
of adults across the globe had diabetes.*®

But if providers can get to the root cause of the patient not
being able to manage the disease, they can help remove
obstacles and keep that patient from progressing to an
expensive and painful crisis. Often the answer to what is
preventing the person from controlling their disease may

be found outside the electronic health record (EHR), in
nonmedical data sets that present a picture of the challenges
the person faces in leading a healthy lifestyle.

Health systems and payers could use predictive analytics

to determine the segments of consumers that turn up

most frequently in the ER for care that could be provided
elsewhere. They can use that insight to predict the likelihood
of individual patients being high utilizers.

Dr. Ulf Sigurdsen, a surgeon and Manager of e-health for

the largest health region in Norway, South-Eastern Norway
Regional Health Authority, sees tremendous potential

in achieving this type of savings with the most frequent
consumers of hospital care. “Tens of millions of dollars could
be saved annually if we can approach it like this,” by changing
treatment paths and how and where the system engages

patients with complex chronic conditions, he said. One example
he cited was for health systems to empower younger patients
with chronic conditions who are enthusiastic about digital
options with those tools so they can be more in charge of their
own health.

Another area where digital twins and predictive analytics can help
health systems identify potential savings is in patient safety. Using
predictive analytics to find the points in a journey where a patient
is at higher risk for developing sepsis or pneumonia, the hospital
can create responses at those exact points in time to avert the
condition. A case of sepsis can cost as much as US$51,000.1!
Keeping patients from being elevated to intensive care can

save costs and improve quality and safety ratings, as well as
readmission rates. The US-based company Decisio Health offers

a medical device that provides data visualizations for care teams
with continuous information about the patient in real time. The
device is designed to detect risk early and to decrease the time

it takes for clinicians to intervene. Teams also have dashboards
where they monitor the hospital from a population level.*?

While these changes in care can also help the patients save
out-of-pocket expenses, they also contribute to a better patient
experience if individuals are directed to the right care from the
beginning instead of being lost in the system and if they are able
to avoid the trauma of a health crisis.

Understanding patient
needs, lifestyle and
preferences through digital
twins can help health
systems guide consumers
to the appropriate care.
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Insights from digital twin technology can help address

health inequities

As the pandemic brought to the forefront the racial and social
inequities that persist in health care, health systems have

an opportunity to use digital twin technology and predictive
analytics on a population level to identify barriers to care and
help balance outcomes.

By stratifying the risk for different segments of the population,
providers as well as payers can create digital community

twins that help enable them to identify vulnerable populations
and develop different tracts of outreach that reflect the
community needs. Where and how the patients live contributes
tremendously to health, as shown by asthma patients who have
flare-ups during wildfires or heavy smog, or by individuals with
COPD who repeatedly turn up in urgent care because their home
is cold and wet.

“This is the future of health and well-being,” said Ray Messom,
CEO of WentWest, Western Sydney’s Primary Health Network.
“People should never be labeled as their ailment or illness.
They're individuals operating within family systems, in the
context of their local community. We need to utilize data across
health, social, education and other systems of care to anticipate
what people need and how and when they need to receive
support. We need to provide care proactively, before people
know they need it.”

Vulnerable families in disadvantaged communities can easily get
lost in complicated health systems. Recognizing that, WentWest
has started a program - part of a larger movement — targeting
families with children under 5 who have endured adverse
childhood experience (trauma, incarceration, alcohol and other
drug incidents, mental health challenges, etc.) and tailoring
support in hopes of preventing those families from ending

up where predictive models, which use integrated data sets,
indicate they will end up without support. By understanding what
their future digital twin looks like, health systems can intervene
today to change that picture.

Navigators from across the health, social and education
systems coordinate care and services. “We work with families
through their crisis and then focus on preventative measures.
This data-driven approach not only improves the experiences
of providers and families in providing and receiving care but is
more sustainable and has the best shot at breaking the cycle of
disadvantage for these families,” Messom said.

Context is also important for developing predictive tools that
rely on data that is reflective of the population. “We need

to be proactive in terms of how we actually evaluate these
algorithms to ensure that underlying data sets are not creating
more disparities than what we have already,” said Marinez of
Intermountain Healthcare. Intermountain established a Data
Science and Artificial Intelligence Center of Excellence that
(among other things) is charged with making sure algorithms are
evaluated and deployed with equity in mind.*3

In India, Apollo Hospitals recognized that existing tools to
predict a patient’s risk of developing cardiovascular disease were
dependent on Western data sets. To make sure the system’s
response was more in tune to the Indian population, they
analyzed external and internal data and developed an Al tool to
predict the risk for cardiovascular disease in their country.t#

While digital patient twins may seem futuristic to an industry that
may still have paper-based records or siloed data collections,

the reality is that if health systems are to address the building
pressure of unsustainable health care budgets, personalizing
care so patients are directed to the right care at the right time
and avoiding waste can be a key component. Individualized care
paths can help patients avert expensive and stressful medical
procedures, payers find the value they seek, and providers
achieve their goal of bringing more wellness to the communities
they serve.

Providers as well as payers can create digital community twins that
help enable them to identify vulnerable populations and develop
different tracts of outreach that reflect the community needs.
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1. Do we have the right data in the right format?
Health care data today is too often a collection of static bits of information that
do not provide real insights. Expanding data sources to those that exist outside
the health system, to demographic, consumer, wearable and environmental data
can broaden the health system'’s understanding of individuals and of communities
at large. Data should be available in standard formats so it can be shared in open,
connected technology ecosystems.

2. Can we identify segments of consumers where we can

quickly achieve value?

Health systems can find savings by personalizing care pathways for certain
cohorts of patients who may have high utilization of the ER or poorly managed
chronic conditions. Analyzing those segments may highlight paths to meet
patients with the appropriate level of care where they are, providing exception-
based care for those who do not need as much monitoring or who could benefit
from deviating from standard pathways.

3. Can we define clear interventions that would move from

insight to action?

Once health systems and payers have identified situations where individuals are
at high risk for worsening health, they will need to determine the right responses
and actions that will prevent the progression of disease. Which responses can

be automated? And which will truly activate patients to change behaviors? It's
important to take a comprehensive approach to update pathways, not just layer
onto existing infrastructures in ineffective ways.

4. Can we put digital twin insights in the hands of clinicians in useful
ways that don’t contribute to burden? R
Health care providers do not need another layer of “to-dos” when they are
already experiencing high levels of burnout. Any plans for employing predictive
analytics should think through the workflow of the care team and determine
how the insights can actually be used in the physician’s office, the ER and virtual
care sessions. Automated alerts could flag worsening vital signs in a person'’s
electronic medical record for the care team, making sure insights go to the right
people so they are digestible for clinical action.

5. Can we quantify the value our personalized care provides for
patients, payers and the community?
Health systems and payers should look for ways to transparently communicate
the additional wellness they are providing, the areas where they are bringing
savings in terms of less suffering in the community, and the lower burden to the
health system as a whole. Beyond cost savings, more personalized health care
that drives better outcomes can mean more productive and quality years of life,
and when applied on a population level, can have a broad multiplier effect on the
entire economy.

Is digital twin technology the key to more personalized, equitable and efficient health care?




Contributors

Aloha McBride
EY Global Health Leader

aloha.mcbride@ey.com
LinkedIn: linkedin.com/in/alohamcbride

Jaymee Lewis Desse

EY Global Smart Health Analytics
Solution Leader

jaymee.lewisdesse@ey.com
LinkedIn: linkedin.com/in/jaymee-lewis-desse

Rachel Hall

EY US Consulting Digital Health and
Smart Health Experience Leader

rachel.hall@ey.com
LinkedIn: linkedin.com/in/rachelhallhealthcare

Kenny O'Neill

Principal, Consulting, Digital Health,
Ernst & Young LLP

kenny.oneilll@ey.com
LinkedIn: linkedin.com/in/kenny-o-neill-0657546

Crystal Yednak
EY Global Senior Analyst

crystal.l.yednak@ey.com
LinkedIn: linkedin.com/in/crystal-yednak-110a3416

Is digital twin technology the key to more personalized, equitable and efficient health care?




Acknowledgments

Rachel Dunscombe
CEO of the NHS Digital Academy and Strategic Digital Advisor to the
Northern Care Alliance NHS Group

Arild Faxvaag

Chief Physician in Rheumatology, Professor of Health Informatics and
Senior Advisor and Project Owner for Clinical Decision Support for
Helseplattformen

Albert Marinez
Chief Analytics Officer for Intermountain Healthcare

Ray Messom
CEO of WentWest, Western Sydney's Primary Health Network

Dr. UIf Sigurdsen
Manager of e-health, South-Eastern Norway Regional Health Authority

Is digital twin technology the key to more personalized, equitable and efficient health care?



Endnotes

! “New! BioButton® Health and COVID-19 Screening Solution,”
BiolntelliSense website, https://biointellisense.com/biobutton,
accessed 15 February 2022.

2Lark website, https://www.lark.com/, accessed
15 February 2022.

3"Global healthcare spend to remain stable,” Pharmaceutical
Technology website, https://www.pharmaceutical-technology.com/
pricing-and-market-access/global-healthcare-spend-to-remain-
stable.html/, accessed 2 November 2021.

4“National Healthcare Expenditure Fact Sheet,” Centers for
Medicare & Medicaid Services website, https://www.cms.gov/
Research-Statistics-Data-and-Systems/Statistics-Trends-and-
Reports/NationalHealthExpendData/NHE-Fact-Sheet, accessed
15 February 2022.

518 Million Avoidable Hospital Emergency Department Visits
Add $32 Billion in Costs to the Health Care System Each
Year," UnitedHealth Group, 2019 (accessed via https://www.
unitedhealthgroup.com/content/dam/UHG/PDF/2019/UHG-
Avoidable-ED-Visits.pdf, February 2022).

¢“Intermountain uses Al, synthetic data to improve chronic

kidney disease care,” HealthcarelT News website, https://www.
healthcareitnews.com/news/intermountain-uses-ai-synthetic-data-
improve-chronic-kidney-disease-care, 30 April 2021.

" Chronic Kidney Disease Often Undiagnosed in Medicare
Beneficiaries,” Centers for Medicare and Medicaid Services,
September 2021, https://www.cms.gov/files/document/ckd-data-
highlight102020-2.pdf.

8"Intermountain uses Al, synthetic data to improve chronic

kidney disease care,” HealthcarelT News website, https://www.
healthcareitnews.com/news/intermountain-uses-ai-synthetic-data-
improve-chronic-kidney-disease-care, 30 April 2021.

°EY analysis of “Medical Expenditure Panel Survey (MEPS)
Household Component (HC)," Agency for Healthcare Research
and Quality, 2019 (accessed via https://datatools.ahrg.gov/meps-
hc?type=tab&tab=mepshch3uep, 14 February 2022).

10"IDF Diabetes Atlas 10th Edition,” International Diabetes Federation,
2021 (accessed via https://diabetesatlas.org/idfawp/resource-
files/2021/07/IDF_Atlas 10th Edition 2021.pdf, February 2022).

1"Epidemiology and Costs of Sepsis in the United States—An Analysis
Based on Timing of Diagnosis and Severity Level,” Critical Care
Medicine, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250243/,
December 2018, accessed 14 February 2022.

2Decisio Health website, https://www.decisiohealth.com/, accessed
March 2022.

3"Intermountain Healthcare Sets Ethical Standards for Using Artificial
Intelligence to Identify Disparities in Care and Improve Patient
Experience and Outcomes,” Intermountain Healthcare website,
https://intermountainhealthcare.org/news/2021/11/intermountain-
healthcare-sets-ethical-standards-for-using-artificial-intelligence-
to-identify-disparities-in-care-and-improve-patient-experience-and-
outcomes, 16 November 2021.

4“Apollo Hospitals utilised decade-long patient data to develop an Al
heart disease risk prediction tool,” Healthcare IT News, https://www.
healthcareitnews.com/news/asia/apollo-hospitals-utilised-decade-

long-patient-data-develop-ai-heart-disease-risk, 29 September 2021.

Is digital twin technology the key to more personalized, equitable and efficient health care?



Is digital twin technology the key to more personalized, equitable and efficient health care?



EY | Building a better working world

EY exists to build a better working world, helping
create long-term value for clients, people and
society and build trust in the capital markets.

Enabled by data and technology, diverse

EY teams in over 150 countries provide trust
through assurance and help clients grow,
transform and operate.

Working across assurance, consulting, law, strategy,
tax and transactions, EY teams ask better questions
to find new answers for the complex issues facing
our world today.

EY refers to the global organization, and may refer to one or more,
of the member firms of Ernst & Young Global Limited, each of

which is a separate legal entity. Ernst & Young Global Limited, a UK
company limited by guarantee, does not provide services to clients.
Information about how EY collects and uses personal data and a
description of the rights individuals have under data protection
legislation are available via ey.com/privacy. EY member firms do not
practice law where prohibited by local laws. For more information

about our organization, please visit ey.com.

Ernst & Young LLP is a client-serving member firm of Ernst & Young

Global Limited operating in the US.

© 2022 EYGM Limited
All Rights Reserved.

2204-4002093
EYG No. 003655-22Gbl
ED None

This material has been prepared for general informational purposes only and

is not intended to be relied upon as accounting, tax, legal or other professional
advice. Please refer to your advisors for specific advice.

ey.com



